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EDITORIAL  NOTE 


The  Encyclopedia  and  Dictionary  of  Medicine  and  Surgery  has  now  reached  its  eighth  volume, 
aud  the  rubrics  in  this  instalment  extend  from  Physiology  (Second  Part)  to  Rhinolalia.  The 
second  half  of  the  monograph  on  Physiology  by  Professor  Noel  Paton  occupies  nearly  100  pages, 
and  includes  a  section  dealing  with  the  subject  of  hormones,  which  has  of  late  assumed  so  great 
an  importance.  Other  outstanding  articles  are  those  on  Pregnancy  (in  eleven  sections),  on  the 
PuERPERiUM  (in  six  sections),  and  on  Rheumatism  (in  four  sections).  New  articles  have  been 
added  in  which  Prescribing  and  Methods  op  Administering  Drugs  and  Radium  (in  its  new  and 
startling  physiological  effects  and  therapeutic  uses)  are  fully  considered.  Other  additions  are  the 
paragraphs  dealing  with  the  physostigmatis  semina,  picric  acid,  potash,  and  quinine.  Some  of  the 
older  articles  have  been  revised  by  their  authors ;  several  new  additions  to  the  nomenclature  of 
medicine,  such  as  precibiculturists,  precipitins,  and^ro-  or  pre-maternity  hospital,  have  been  defined  ; 
and,  in  a  word,  everything  has  been  done  to  bring  the  work  up  to  the  level  of  present  day  theory 
and  practice. 

There  are  fifty-eight  articles  of  more  than  1000  words  in  length.  These  differ  considerably 
in  the  space  they  cover,  that  on  Physiology  occupying  not  much  less  than  one  hundred  pages,  while 
for  those  on  Radium  and  Quinine  a  space  of  about  two  pages  is  sufiicient.  The  subjects  dealt  with 
in  these  long  contributions  are  Physiology  (including  sections  on  Blood,  Circulation,  Respiration, 
Digestion,  Food,  Hormones,  Excretion,  and  Organic  Chemistry),  Pigments  of  the  Body  and  Excreta, 
the  Pituitary  Body,  Plague,  Diseases  of  the  Pleura  (Medical  and  Surgical),  Pneumonia  (in  two  sec- 
tions, Bacteriological  and  Clinical),  the  peculiar  endemic  disease  called  Ponos,  Post-mortem  Methods, 
Potash,  Pregnancy  (in  all  its  subdivisions).  Prescribing  (with  a  series  of  tables  of  incompatibles 
and  of  extra-pharmacopoeial  and  other  new  drugs),  Prostate  Gland,  Prurigo  and  Pruritus,  Psoriasis, 
Puberty,  the  Puerperium  (with  its  six  sections  dealing  with  the  physiological  and  pathological 
developments  of  this  epoch  in  a  woman's  life),  the  Pulse,  the  Pupil,  Pxirpura,  Pyuria,  Quarantine, 
Rabies,  Radium,  Raynaud's  Disease  and  Erythromelalgia,  the  Diseases  of  the  Rectum  (Medical  and 
Surgical),  Refraction,  Relapsing  Fever,  Respiration,  Diseases  of  the  Retina  and  Optic  Nerve,  Retino- 
scopy,  and  Rheumatism  (Acute,  Chronic,  in  Children,  and  in  the  form  of  Rheumatoid  Arthritis). 

Of  articles  of  less  than  1000  words  but  of  at  least  ten  lines  in  length,  there  are  sixty  in  this 
volume.  These  deal  with  such  subjects  as  Pica,  Picric  Acid,  Picrotoxine,  Pineal  Gland,  Pinta, 
Piperazine,  Pilot's  Tubes,  Pix  Burgundica,  Placenta,  Plasma,  Pleurodynia,  Pneumogastric,  Pneu- 
monokoniosis,  Podophylli  Resina,  Polypus,  Pons,  Precibiculturists,  Precipitins,  Presentation,  Pro- 
chownick  Diet,  Proteids,  Prunes,  Pseudocyesis,  Ptomaines,  Ptosis,  Pubiotomy,  Ulcerating  Granuloma 
of  the  Pudenda,  Pycemia,  Pyrexia,  Quassia,  Quebracho,  Quillaice  Cortex,  Quinine  Radical,  Radiog- 
raphy, Rdle,  Rashes,  Recurrence,  and  Reflexes. 
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This  volume  also  contains  919  paragraphs  of  less  than  ten  lines  in  length.  These  consist  of 
definitions  of  medical  terms  ;  short  descriptions  of  processes,  reactions,  symptoms,  and  instruments  ; 
and  cross  references.  Some  of  the  matters  dealt  with  in  these  short  contributions  may  be  en- 
umerated :  Physiothera2)y,  Physometra,  Phytin,  Pia  Mater,  Piazza's  Fluid,  Pick's  Bundle,  Picro- 
carmine,  Pierorhiza,  Pigeon  Breast,  Pigeon  Toe,  Pigodidymus,  Pillars,  Pimenta,  Pinard's  Sign, 
Pine  Oil,  Pinguecula,  Pink-eye,  Pinocytosis,  Piraplasma,  Pithecanthropus  Erectus,  Placebo, 
Placentoma,  Placido's  Disc,  Pladarosis,  Plane,  Planodia,  Plaques,  Plasmodium,  Plasmon,  Plasticine, 
Plastron,  Platelet,  Platycnemic,  Plenum  System,  Pleonexia,  Plethora,  Plethysmograph,  Pleurosomus, 
Plexus,  Plica  Polonica,  Plugs,  Plummer's  Pill,  Plntomania,  Pneumiatosis,  Pneumomassage,  Podagra, 
Podalic  Version,  Pododynia,  Pogoniasis,  Polar  Bodies,  Politzer's  Bag,  Pollantin,  Pollex,  Poltfoot, 
Polyadenia,  Polyoemia,  Polyaxon,  Polychromatophylia,  Polyclinic,  Polycythemia,  Polygenism, 
Polymastia,  Polymerisation,  Polyoestrous,  Polyphyodont,  Polythelia,  Pompholyx,  Ponograph,  Poren- 
cephalus,  Porro's  Operation,  Porter-Clark's  Process,  Port-wine  Mark,  Position,  Posology,  Post- 
climacteric, Postmature,  Potain's  Syndrome,  Potato  Cream,  Potato  Culture,  Pott's  Disease,  Poudrette, 
Pozzuoli,  ProecvMeus,  Prague  Method,  Prairie  Itch,  Precocity,  Premaxilla,  Prepotency,  Presbyopia, 
Preston's  Salt,  Prevalidin,  Prevost's  Symptom,  Prisms,  Probe,  Proctalgia,  Pro-Maternity  Hospital, 
Pronephros,  Proptosis,  Pro  re  nata.  Prosector,  Prosopus  Varus,  Prostatorrhoea,  Protagon,  Proteoses, 
Prozygosis,  Psittacosis,  Psoitis,  Psorospermosis,  Psychiater,  Pterygium,  Puericulture,  Pulex, 
Pulsatilla,  Punctum,  Purgen,  Purin  Bodies,  Pyrodin,  Quercin,  Quincke's  Disease,  Quotient,  Bachi- 
cocainisation,  Radioscopy,  Railway  Spine,  Rasch's  Sign,  Rathke's  Pouch,  Rauber's  Layer,  etc. 

In  all,  this  volume  contains  1037  subject  headings  as  compared  with  974  in  the  first  volume, 
1758  in  the  second,  1097  in  the  third,  872  in  the  fourth,  908  in  the  fifth,  1228  in  the  sixth,  and 
1322  in  the  seventh;  the  total  number  of  rubrics  for  the  eight  volumes  has  therefore  been  nine 
thousand  one  hundred  and  ninety-six,  giving  an  average  of  over  eleven  hundred  for  each  volume. 

J.  W.  BALLANTYNE. 


May  30,  1908. 
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their  waste  products.  But  it  is  enclosed  in  a 
closed  system  of  vessels,  and  does  not  come  into 
direct  relationship  with  the  cells.  Outside  the 
blood-vessels,  and  bathing  the  cells,  is  the  lymph 
which  plays  the  part  of  middleman  between  the 
blood  and  the  tissues,  receiving  nourishment 
from  the  former  for  the  latter,  and  passing  the 
waste  from  the  latter  into  the  former. 

A.  Blood 

The  various  physical,  chemical,  and  histological 
characters  of  blood  must  he  practically  investigated. 

I.  General  Characters 
Colour. — Blood  changes  its  colour  from  purple 
to  cinnabar  red  on  shaking  with  air,  showing 
that  the  pigment  of  the  blood  may  exist  in  two 
conditions.  Elements  of  Blood. —  Microscopic 
examination  shows  that  blood  is  composed  of  a 
clear  fluid  (Liquor  Sanguinis  or  plasma)  in  which 
float  myriads  of  small  disc-like  yellowish-red 
cells  (Erythrocytes),  and  a  smaller  number  of 
greyish  cells  (Leucocytes),  and  certain  more 
minute  grey  particles  (Blood  Platelets).  The 
opacity  of  blood  is  due  to  the  erythrocytes,  and 
when  the  pigment  is  dissolved  out  of  them  by 
water,  and  they  are  rendered  transparent,  the 
blood  as  a  whole  becomes  transparent  and  is 
said  to  be  "laked."  The  specific  gravity  is 
about  1055.  It  may  be  estimated  by  finding 
the  specific  gravity  of  a  sodium  sulphate  solu- 
tion in  which  a  drop  of  blood  neither  sinks  nor 
floats. 

Taste  and  smell  are  characteristic,  and  must 
be  experienced.  Reaction. — Blood  is  alkaline, 
and  the  degree  of  alkalinity  is  very  constant  in 
health.  It  is  equivalent  to  about  0'3  per  cent 
of  Na.jCOj.  It  is  increased  during  digestion  and 
diminished  after  muscular  exercise. 

The  cells  of  the  blood  constitute  about  33  per 
cent  of  its  weight,  and  the  total  solids  of  the 
blood  are  about  20  per  cent. 
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Clotting  or  Coagulation. — In  the  course  of 
about  three  minutes  the  blood  when  shed  be- 
comes a  solid  jelly.  The  process  starts  from 
the  sides  of  the  vessel,  and  spreads  throughout 
the  blood  until,  when  clotting  is  complete,  the 
vessel  may  be  inverted  without  the  blood  falling 
out.  In  a  short  time,  drops  of  clear  fluid  appear 
upon  the  surface  of  the  clot,  and  in  a  few  hours 
these  have  accumulated  to  a  considerable  extent, 
while  the  clot  has  contracted  and  drawn  away 
from  the  sides  of  the  vessel,  until  it  finally  floats 
in  the  clear  fluid — the  serum.  If  clotting  occurs 
slowly,  as  it  does  in  the  horse,  the  erythrocytes 
subside,  leaving  a  layer  of  clear  plasma  above, 
which,  when  coagulation  takes  place,  forms  a 
"  bufFy  layer "  in  the  upper  part  of  the  clot. 
Clotting  is  due  to  changes  in  the  plasma,  since  this 
fluid  will  coagulate  in  the  absence  of  corpuscles. 

The  change  may  be  represented  thus  : — 

Blood 


Plasma  Corpuscles 


I  I 
Serum  Clot 

The  change  consists  in  the  formation  of  a 
series  of  fine  elastic  threads  of  fibrin  throughout 
the  plasma,  and  if  red  corpuscles  are  present 
they  are  entangled  in  the  meshes  of  the  network 
and  give  the  clot  its  red  colour. 

These  threads  may  be  readily  collected  in 
mass  upon  a  stick  with  which  the  blood  is 
whipped  as  it  is  shed.  The  red  fluid  blood 
which  is  left,  consisting  of  blood  cells  and  serum, 
is  said  to  be  defibrinated. 

Fibrin  is  a  protein  substance.  It  is  slowly 
dissolved  in  solutions  of  neutral  salts.  It  is 
coagulated  by  heat,  and  is  precipitated  when  an 
excess  of  a  neutral  salt  is  added.  It  is  therefore 
a  globulin. 

The  plasma  before  clotting  and  the  serum 
squeezed  out  from  the  clot  both  contain  in  the 
same  proportion  an  albumin  (serum  albumin) 
and  a  globulin,  or  series  of  globulins  which 
may  be  classed  together  as  serum  globulin.  But 
the  plasma  contains  a  small  quantity — about 
0'4  per  cent — of  another  globulin  (fibrinogen) 
which  coagulates  at  a  low  temperature,  and 
which  is  absent  from  serum.  It  is  this  which 
undergoes  the  change  from  the  soluble  form  to 
the  insoluble  form  in  coagulation.  If,  by  taking 
advantage  of  the  fact  that  it  is  more  easily 
precipitated  by  sodium  chloride  than  the  other 
proteins,  it  is  separated  from  them,  it  may  still 
be  made  to  clot. 

The  substance  which  usually  causes  clotting- 
appears  to  be  an  enzyme,  which  is  formed  by 
the  action  of  calcium  salts  or  ions  on  a  pro- 
enzyme set  free  in  the  blood.  The  enzyme 
may  be  called  thrombin,  and  its  precursor  pro- 
thrombin.   Oxalates,  when  added  to  blood,  pre- 


cipitate the  soluble  calcium  salts,  and  prevent 
the  formation  of  thrombin,  and  thus  prevent 
coagulation. 

It  is  not  yet  quite  clear  what  brings  about 
this  change  of  prothrombin  into  thrombin. 
Calcium  salts  or  calcium  ions  and  prothrombin 
may  exist  together  without  thrombin  being 
formed,  and  it  has  been  suggested  that  another 
enzyme  is  required  to  activate  the  thrombin — 
a  thrombokinase  as  it  has  been  called.  This 
may  be  liberated  from  the  cellular  elements  of 
the  blood  and  tissues. 

The  steps  in  the  process  of  clotting  might 
therefore  be  represented  as  follows  : — 
Thrombokinase 

Prothrombin     Calcium  Salts 

Thrombin-5>Fibrinogen 

}. 

Fibrin 

Many  circumstances  influence  the  rapidity  of 
clotting.  Temperature  has  a  marked  eilect ; 
a  low  temperature  retarding  it,  a  slight  rise  of 
temperature  above  the  normal  of  the  particular 
animal  accelerating  it.  If  a  trace  of  a  neutral 
salt  be  added  to  blood,  coagulation  is  acceler- 
ated ;  but,  if  blood  be  mixed  with  strong  solu- 
tions of  salt,  coagulation  is  prevented  because 
the  formation  of  thrombin  is  checked.  Calcium 
salts  have  a  marked  and  important  action,  and 
if  they  are  precipitated  by  the  addition  of 
oxalate  of  soda,  blood  will  not  clot,  apparently 
because  thrombin  cannot  be  formed. 

The  injection  into  the  blood-vessels  of  a  living 
animal  of  commercial  peptones^  which  chiefly 
consist  of  proteoses,  or  of  hirudin,  an  extract  of 
the  head  of  the  medicinal  leech,  retards  coagula- 
tion after  the  blood  is  shed.  They  appear  to 
cause  the  development  in  the  liver  of  some  body 
of  the  nature  of  an  antithrombin  which  checks 
coagulation,  and  if  the  liver  be  excluded  from 
the  circulation  this  is  not  developed. 

Why  is  it  that  blood  does  not  coagulate  in 
the  vessels  and  does  coagulate  when  shed  1 
Such  a  general  statement  is  not  absolutely 
correct,  for  blood  m&j  be  made  to  coagulate  in 
the  vessels  of  a  living  animal  in  various  ways. 
If  inflammation  is  induced  in  the  course  of  a 
vessel,  coagulation  at  once  occurs.  If  the  inner 
coat  of  a  vessel  be  torn,  as  by  a  ligature,  or  if 
any  roughness  occurs  on  the  inner  wall  of  a 
vessel,  coagulation  is  apt  to  be  set  up.  Again, 
various  substances  injected  into  the  bloodstream 
may  cause  the  blood  to  coagulate,  and  thus 
rapidly  kill  the  animal.  Among  such  sub- 
stances are  extracts  of  various  organs — thymus, 
testis,  and  lymph  glands  —  which  yield  thrombo- 
kinase, and  snake  venom  which  seems  to  con- 
tain active  thrombin.  The  injection  of  pure 
thrombin  does  not  usually  cause  clotting, 
because  an  anti-thrombin  is  developed. 
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Nor  does  blood  necessarily  coagulate  when 
shed.  If  it  is  received  into  castor  oil,  or  into  a 
vessel  anointed  with  vaseline  and  filled  with 
paraffin  oil,  it  will  remain  fluid  for  a  consider- 
able time.  Apparently  some  roughness  in  the 
wall  of  the  blood-vessel  or  of  the  vessel  in  which 
the  blood  is  received  is  required  to  start  the 
process,  acting  as  a  focus  from  which  it  can 
spread  outwards. 

The  advantages  of  coagulation  of  blood  are 
manifest.  By  means  of  it  wounds  in  blood- 
vessels are  sealed  and  hfemorrhage  stopped. 

Although  an  important  and  very  prominent 
change  in  the  blood,  clotting  is  really  produced 
by  change  in  one  constituent  of  the  plasma, 
which  is  present  in  very  small  quantities. 

II.  Plasma  and  Se7'um 

These  may  be  considered  together,  since 
serum  is  merely  plasma  minus  fibrinogen.  As 
serum  is  so  much  easier  to  procure,  it  is  gener- 
ally employed  for  analysis. 

Both  are  straw-coloured  fluids,  the  colour  being 
due  to  a  yellow  lipochrome.  Sometimes  they 
are  clear  and  transparent,  but  after  a  fatty  diet 
they  become  milky.  They  are  alkaline  in  re- 
action, and  have  a  specific  gravity  of  about 
1025.  They  contain  about  90  per  cent  of 
water  and  10  per  cent  of  solids.  The  chief 
solids  are  the  proteins — serum  albumin  and 
serum  globulin  (with,  in  the  plasma,  the  ad- 
dition of  fibrinogen).  The  proportion  of  the 
two  former  proteins  to  one  another  varies  con- 
siderably in  diff'erent  animals,  but  in  the  same 
animal  at  different  times  the  variations  are 
small.  The  globulin  probably  consists  of  at  least 
two  bodies — euglobulin  precipitated  by  weak 
acid,  and  pseudoglobulin  not  so  precipitated. 
The  amount  of  albumin  is  generally  greater 
when  the  body  is  well  nourished.  In  man,  they 
together  form  about  7  per  cent  of  the  serum. 

The  other  organic  constituents  of  the  serum 
are  in  much  smaller  amounts,  and  may  be 
divided  into — 

1.  Substances  to  be  used  by  the  Tissues. — 
Glucose  is  the  most  important  of  these.  It 
occurs  only  in  small  amounts — about  1  to  2  per 
mille.  Part  of  it  is  free,  but  part  is  probably 
combined  in  organic  combinations  such  as  jecorin. 
It  is  probably  in  larger  amount  in  blood  going 
to  muscles  than  in  blood  coming  from  muscles, 
and  this  difference  seems  to  be  specially  well 
marked  when  the  muscles  are  active. 

Fats  occur  in  very  varying  amounts,  depend- 
ing upon  the  amount  taken  in  the  food. 

2.  Substances  given  off  by  the  Tissties. — The 
chief  of  these  is  urea,  which  occurs  con- 
stantly in  very  small  amounts  in  the  serum — 
about  "05  per  cent.  We  shall  afterwards  see 
that  it  is  derived  from  the  liver,  and  that  it  is 
excreted  in  the  urine  by  the  kidneys. 

Creatin  (vol.  vii.  p.  503),  with  uric  acid 
(p.  87),  and  some  allied  bodies  appear  to  be 


normally  present  in  traces,  and  their  amount 
may  be  increased  in  diseased  conditions. 

Of  the  inorganic  constituents  of  the  serum 
the  most  abundant  is  chloride  of  sodium,  but  in 
addition  sodium  carbonate  and  alkaline  sodium 
phosphate  are  also  present.  Calcium,  potassium, 
and  magnesium  occur  in  very  small  amounts. 

III.  Cells  of  Blood 
1.  Leucocytes — White  Cells. — These  are  much 
less  numerous  than  the  red  cells,  and  their 
number  varies  enormously  in  normal  conditions. 
On  an  average  there  are  about  7500  per  cubic 
millimetre. 

They  are  soft,  extensile,  elastic,  and  sticky, 
and  each  contains  a  nucleus  and  a  well-developed 
double  centrosome.  In  size  they  vary  consider- 
ably, some  being  much  larger  than  the  red 
cells,  some  slightly  smaller.  The  character  of 
the  nucleus  varies  greatly,  and  from  this  and 
from  variations  in  the  protoplasm,  they  may  be 
divided  into  four  classes. 

1st.  Lymphocytes. — Cells  with  a  clear  proto- 
plasm and  a  more  or  less  circular  nucleus. 
Some  are  very  small,  while  others  are  larger. 
They  constitute  about  20  to  25  per  cent  of  the 
leucocytes  (Fig.  110,  b  and  c). 


Fig.  110.— Cells  of  the  blood,  ft,  Erythrocytes;  b,  large,  and 
c,  small  lymphocyte  ;  d,  polymorpho-nuclear  leucocyte  ;  e, 
eosiuophil  leucocyte. 

2nd.  Polymorpho-nuclear  leucocytes,  with  a 
much-distorted  and  lobated  irregular  nucleus  and 
a  finely  granular  protoplasm,  whose  granules 
stain  with  acid  and  neutral  stains.  These  consti- 
tute about  70  to  75  per  cent  of  the  leucocytes. 

?>rd.  Eosinopjhil  or  oxyphil  leucocytes,  with  a 
lobated  nucleus  like  the  last,  but  with  large 
granules  in  the  protoplasm  wliich  stain  deeply 
with  acid  stains.  From  1  to  4  per  cent  of  the 
leucocytes  are  of  this  variety. 

^th.  Basophil  leucocytes,  practically  absent 
from  normal  blood,  with  a  lobated  nucleus  and 
granules  in  the  protoplasm,  staining  with  basic 
stains. 

Myelocytes  are  large  leucocytes  with  a  large 
circular  or  oval  nucleus  and  a  finely  granular 
protoplasm.    They  are  not  normal  constituents 
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of  the  blood,  but  appear  when  the  activity  of 
the  bone-marrow  is  increased  in  certain  patho- 
logical conditions. 

These  various  forms  have  certain  properties — 
(a)  Amoeboid  movement.  They  can,  under  suit- 
able conditions,  undergo  certain  changes  in 
shape,  as  may  be  readily  seen  in  the  blood  of 
the  frog,  or  other  cold-blooded  animal.  The 
motion  may  consist  simply  of  the  pushing  out 
and  withdrawal  of  one  or  more  processes  (pseu- 
dopodia),  or,  after  a  process  is  extended,  the 
whole  corpuscle  may  follow  it  and  thus  change 
its  place,  or  the  corpuscle  may  simply  retract 
itself  into  a  spherical  mass.  As  a  resiilt  of 
these  movements  the  corpuscles,  in  certain  con- 
ditions, creep  out  of  the  blood-vessels  and 
wander  into  the  tissues  {Diapedesis). 

(b)  Phagocyte  Action. — The  finely  granular 
leucocytes  and  the  lymphocytes  have  further  the 
power  of  taking  foreign  matter  into  their  interior, 
and  of  thus  digesting  it.  By  this  devouring 
action,  useless  and  effete  tissues  are  removed 
and  dead  micro-organisms  in  the  body  are  taken 
up  and  got  rid  of.  This  scavenger  action  of  the 
leucocytes  is  of  vast  importance  in  pathology. 

Chemistry  of  Leucocytes.  —  The  nucleus  is 
chiefly  made  up  of  nuclein,  and  in  the  proto- 
plasm a  nucleo-protein,  along  with  two  globulins 
and  a  small  amoiuit  of  an  albumin,  are  found. 
Along  with  these  protein  si^bstances  glycogen 
and  a  small  amount  of  fat  are  present,  while  the 
chief  inorganic  constituents  are  potassium  salts. 

2.  Blood  Platelets. — These  are  small  circular 
or  oval  discoid  bodies,  about  one-third  the 
diameter  of  a  red  blood  corpuscle.  Some  ob- 
servers have  stated  that  they  contain  a  central 
nucleus.  They  are  very  sticky,  and  mass  to- 
gether when  blood  is  shed  and  adhere  to  a 
thread  passed  through  blood  or  to  any  rough 
point  in  the  lining  of  the  heart  or  vessels. 
They  there  form  clumps,  and  from  these  clumps 
fibrin  threads  are  seen  to  shoot  out.  They 
thus  appear  to  play  an  active  part  in  clotting. 
They  are  present  in  the  blood  of  mammals  only. 
Their  source  is  not  definitely  known,  but  it 
has  been  suggested  that  they  are  the  extruded 
nuclei  of  developing  erythrocytes. 

3.  Erythrocytes  —  Red  Cells.  —  All  mammals 
except  the  camels  have  circular,  biconcave,  dis- 
coid erytln-ocytes,  which,  when  the  blood  is 
shed,  tend  to  run  together  like  piles  of  coins. 
The  camels  have  elliptical  biconvex  corpuscles. 
A  nucleus  is  not  present  in  the  fully-developed 
mammalian  erythrocyte.  In  birds,  reptiles, 
amphibia  and  fishes,  the  corpuscles  are  elliptical 
biconvex  bodies,  with  a  well-marked  central 
nucleus.  The  size  of  the  human  erythrocytes 
is  fairly  constant — on  an  average  7 '6  micro- 
millimetres  in  diameter.  The  number  of  red 
cells  in  health  is  about  5,000,000  in  men  and 
4,500,000  in  women,  per  cubic  millimetre  ;  but 
in  disease  it  is  often  decreased. 

The  number  of  corpuscles  per  cubic  millimetre 


is  estimated  by  the  Haemocytometer.  This 
consists  of  (1)  a  pipette  by  which  the  blood 
may  be  diluted  to  a  definite  extent  with  normal 
salt  solution ;  and  (2)  a  cell  of  definite  depth 
ruled  in  squares,  each  containing  above  it  a 
definite  small  volume  of  blood  so  that  the 
number  of  corpuscles  in  that  volume  may  be 
counted  under  the  microscope. 

The  pale  yellow  colour  of  the  individual 
corpuscles  is  due  to  a  pigment  held  in  a  fine 
sponge-like  stroma  which  seems  to  form  a 
capsule  round  the  cell.  This  pigment  may  be 
dissolved  out  by  various  agents,  and  the  action 
is  termed  Hcemolysis.  It  may  be  brought  about 
in  different  ways  : — \st.  By  placing  the  erythro- 
cytes in  a  fluid  of  lower  osmotic  equivalent, 
i.e.  of  lower  molecular  concentration,  than  the 
blood  plasma  and  corpuscles.  A  solution  of 
0'9  per  cent  of  sodium  chloride  has  the  same 
osmotic  equivalent  as  the  plasma  and  preserves 
the  corpuscles  unaltered  ;  in  more  dilute  fluid 
the  corpuscles  tend  to  swell  up  by  endosmosis 
and  the  pigment  is  dissolved  out.  Erythrocytes 
may  therefore  be  used  as  a  means  of  deter- 
mining the  osmotic  equivalent — the  molecular 
concentration  of  a  fluid.  2nd.  By  the  action 
of  substances  which  dissolve  some  constitu- 
ent of  the  stroma,  e.g.  salts  of  the  bile  acids, 
chloroform,  ether,  etc.  Zrd.  By  Haemolysins. 
The  serum  of  one  animal  contains  a  substance, 
destroyed  by  heating  to  55°  C,  which  is  hjemo- 
lytic  to  the  blood  of  animals  of  other  species  ; 
e.g.  the  serum  of  eels'  blood  contains  a  powerful 
hsemolysin  for  rabbits'  erythrocytes,  and  the 
serum  of  the  dog  a  less  powerful  one.  Further, 
by  injecting  the  blood  or  the  erythrocytes  of 
one  species  of  animal  into  another  species,  a 
hfemolysin  is  developed  which  has  a  specific 
action  on  the  erythrocytes  of  the  first  species. 

Chemistry. — The  stroma  of  the  erythrocytes 
is  made  up  of  a  globulin-like  substance,  in  con- 
nection with  which  lecithin  and  cholesterin 
occur  in  considerable  quantities.  Potassium  is 
the  base  most  abundantly  present. 

The  pigment  is  hcemoglobin.  It  constitutes 
no  less  than  90  per  cent  of  the  solids  of  the 
corpuscles.  In  many  animals,  when  dissolved 
from  the  corpuscles,  it  crystallises  very  readily. 
The  crystals  prepared  from  the  human  blood 
are  rhombic  plates.  When  exposed  to  air  they 
are  of  a  bright  red  colour,  but  if  placed  in  the 
receiver  of  an  air-piimp  at  the  ordinarj^  tempera- 
ture they  become  of  a  purplish  tint.  The  same 
thing  occurs  if  the  hajmoglobin  is  in  solution,  or 
if  it  is  still  in  the  corpuscles.  The  addition 
of  any  reducing  agent,  such  as  ammonium 
sulphide  or  a  ferrous  salt,  also  causes  a  similar 
change.  This  is  due  to  the  fact  that  htfinoglobin 
has  an  affinity  for  oxygen,  which  it  takes  up 
from  the  air,  forming  a  definite  compound  of 
a  bright  red  colour  in  which  one  molecule  of 
hfemoglobin  links  with  a  molecule  of  oxygen, 
HbO.i,  and  is  known  as  oxyhcemoglohln. 
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Hsemoglobin  is  closely  allied  to  the  proteins, 
but  differs  from  them  in  containing  042  per 
cent  of  iron. 

When  light  from  the  sun  is  allowed  to  pass 
through  solutions  of  blood  pigments,  certain 
parts  of  the  solar  spectrum  are  absorbed,  and 
when  the  spectrum  is  examined  dark  bands — 
the  absorption  bands — are  seen.  In  a  weak 
solution  of  oxyhsemogiobin  a  dark  band  is  seen 
in  the  green  and  another  in  the  yellow  part  of 
the  spectrum  between  Frauenhofer's  lines  D 
and  E,  while  the  violet  end  of  the  spectrum  is 
absorbed  (Fig.  111).  These  bands  may  be 
broadened  or  narrowed  by  strengthening  or 
weakening  the  solution.  When  the  oxygen  is 
taken  away  and  the  purple  reduced  hcemoglobin 
is  formed,  a  single  broad  band  between  D  and 
E  takes  the  place  of  the  two  bands  (Fig.  111). 

The  property  of  taking  oxygen  from  the  air 
and  of  again  giving  it  up  at  a  moderate  tempera- 
ture and  under  a  low  pressure  of  oxygen  is  the 
great  function  of  the  blood  pigment  in  the  body. 
The  hsemoglobin  plays  the  part  of  a  middleman 
between  the  air  and  the  tissues,  taking  oxygen 
from  the  one  and  handing  it  on  to  the  others. 


amount  of  oxygen  is  the  same,  but  metheemo- 
globin  must  be  acted  on  by  the  strongest  re- 
ducing agents  before  it  will  part  with  its  oxygen. 
When,  therefore,  this  pigment  is  formed  in  the 
body,  the  tissues  die  from  want  of  oxygen.  It 
may  be  produced  by  the  action  of  various  sub- 
stances on  oxyhsemoglobin.  Among  these  are 
ferricyanides,  nitrites,  and  permanganates.  It 
crystallises  in  the  same  form  as  oxyliEemoglobin, 
but  has  a  chocolate-brown  colour.  Its  spectrum 
is  also  different  from  hfemoglobin  or  oxyheemo- 
globin,  showing  a  narrow  sharp  band  in  the  red 
part  of  the  spectrum,  with  two  or  more  bands 
in  other  parts  according  to  the  reaction  of  the 
solution  in  which  it  is  dissolved  (Fig.  111).  It 
is  of  importance  since  it  occurs  in  the  urine 
in  some  pathological  conditions.  In  all  proba- 
bility the  molecule  of  oxyhsemoglobin  has  the 

formula — Hb<^  |  ,  while  in  methsemoglobin  the 

\o 
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atoms  are  arranged  Hb 
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RED. 


Yellow. 


Green. 


Blue. 


Carbon-monoxide 

Hemoglobin 
Oxyhfemoglobin  . 


Hfcmoglobin . 


Methaomoglobin 
Acid  Hsematin 


Reduced  Alkaline) 
Hiematin  .  .]" 


Fig.  111. — Spectra  of  the  more  important  blood  pigments  and 
derivatives.  (The  spectrum  of  acid  hsematin  is  not  identical 
globin.) 

Haemoglobin  constitutes  about  13  or  14  per 
cent  of  the  blood,  but  in  various  diseases  its 
amount  is  decreased.  The  best  method  of  esti- 
mating its  amount  is  by  Haldane's  Hsemoglobi- 
nometer.  This  consists  of  two  tubes  of  uniform 
calibre,  one  filled  with  a  1  per  cent  solution  of 
normal  blood  saturated  with  CO,  and  another 
in  which  20  cmm.  of  blood  to  be  examined, 
measured  in  a  pipette,  is  placed  in  water,  mixed 
■with  coal  gas  to  saturate  with  CO,  and  then 
diluted  till  it  has  the  same  tint  as  the  standard 
tube.  The  percentage  of  hsemoglobin  in  terms 
of  the  normal  is  indicated  by  the  mark  on  the 
tube  at  which  the  fluid  stands. 

Metluemoglohiii. — Hsemoglobin  forms  another 
compound  with  oxygen — methsemoglobin.  The 


Hsemoglobin  also  combines  with  certain  other 
gases.  Among  these  is  carbon 
monoxide.  For  this  gas  hsemo- 
globin has  a  greater  affinity 
than  for  oxygen,  so  that  when 
carbon  monoxide  hsemoglobin 
is  once  formed  in  the  body,  the 
blood  has  little  power  of  taking 
up  oxygen,  and  the  animal  dies. 
This  gas  is  evolved  freely  in 
the  fumes  from  burning  char- 
coal, is  present  in  coal  gas,  and 
is  found  in  the  air  of  coal-mines 
after  explosions.  Carbon  mon- 
oxide hsemoglobin  forms  crys- 
tals like  oxyhsemoglobin,  and 
has  a  bright  ^>M^K.sA-red  colour, 
without  the  yellow  tinge  of 
oxyhsemoglobin.  Since  after 
death  it  does  not  give  up  its 
their  more  important  carbon  monoxide  and  become 
with  that  of  methismo-  changed  to  purple  hsemoglobin, 
the  bodies  of  those  poisoned 
with  the  gas  maintain  the  florid  colour  of  life. 
Its  spectrum  is  very  like  that  of  oxyhsemoglobin, 
the  bands  being  slightly  more  to  the  blue  end 
of  the  spectrum  (Fig.  111). 

It  may  be  at  once  distinguished  by  the  fact 
that  when  gently  warmed  with  ammonium 
sulphide  it  does  not  yield  reduced  hsemo- 
globin. 

Decomposition  of  Hcemoglohin. — Hsemoglobin 
is  a  somewhat  unstable  body,  and,  in  the  presence 
of  acids  and  alkalies,  splits  up  into  about  96  per 
cent  of  a  colourless  protein  glohin  belonging 
to  the  globulin  group,  and  about  4  per  cent 
of  a  substance  of  a  brownish  colour  called 
hcematin. 

The  spectrum  and  properties  of  this  substance 
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are  different  in  acid  and  alkaline  media.  In 
acid  media  it  has  a  spectrum  closely  resembling 
methsemoglobin,  but  it  can  at  once  be  distin- 
guished by  the  fact  that  it  is  not  changed  by  re- 
ducing agents.  In  medicine  it  is  sometimes  im- 
j^ortant  to  distinguish  between  these  pigments 
since  both  iiiay  appear  in  the  urine.  Hsematin  in 
alkaline  solution  can  take  up  and  give  off  oxygen 
in  the  same  way  as  hfemoglobin  does.  Reduced 
alkaline  htematin  or  hcemochromogen  has  a  very 
definite  spectrum  (Fig.  Ill),  and  its  preparation 
affords  a  ready  means  of  detecting  old  blood 
stains.  Hfematin  contains  the  iron  of  the  htemo- 
globin,  and  it  is  this  pigmented  iron-containing 
part  of  the  molecule  which  has  the  affinity  for 
oxygen.  Apparently  it  is  the  presence  of  iron 
which  gives  it  this  property,  because,  if  the  iron 
be  removed  by  means  of  sulphuric  acid,  a  purple- 
coloured  substance,  iron-free  Juematin — hcemato- 
porjjhyrin — is  formed,  which  has  no  affinity  for 
oxygen.  This  pigment  occurs  in  the  urine  in 
some  pathological  conditions. 

One  point  of  great  interest  in  the  chemistry 
of  haematin  and  its  derivatives  is  that  they,  like 
the  green  chlorophyl  of  plants,  yield  upon  de- 
composition bodies  belonging  to  the  pyrrhol 
group. 

In  the  liver,  hfemogiobin  is  broken  down  to 
form  bilirubin  and  the  other  bile  pigments. 
These  are  iron-free,  and,  like  iron-free  hajmatin, 
do  not  take  up  and  give  off  oxygen.  But  not 
only  is  this  iron-free  pigment  formed  from 
haemoglobin  in  the  liver,  but  the  cells  of  any 
part  of  the  body  have  the  facility  of  changing 
hfemoglobin  in  blood  extravasations  into  a  pig- 
ment known  as  lufmatoidin,  which  is  really  the 
same  as  bilirubin. 

H(Bmin — the  hydrochloride  of  hsematin — is 
formed  when  blood  is  heated  with  sodium  chloride 
and  glacial  acetic  acid.  It  crystallises  in  small 
steel-black  rhombic  crystals,  and  its  formation 
is  sometimes  used  as  a  test  of  blood  stains. 

The  following  table  shows  the  relationship  of 
these  pigments  to  one  another  : — 


IV.  Gases  of  the  Blood 
The  muscles  and  other  active  tissues  are 
constantly  consuming  oxygen  and  constantly 
giving  off  carbon  dioxide.  The  oxygen  must  be 
brought  to  the  tissues  by  the  blood,  and  the 
carbon  dioxide  carried  away  by  the  same 
medium. 

Various  methods  of  carrying  out  the  examina- 
tion of  the  gases  of  the  blood  have  been  devised, 
and  many  different  gas-pumps  have  been  in- 
vented in  which  the  gases  may  be  collected 
in  the  Torricellian  vacuum  over  mercury. 
Haldane  and  Barcroft  have  devised  a  convenient 
method,  which  depends  npon  the  fact  that  the 
oxygen  can  be  driven  off  from  blood  treated 
with  dilute  ammonia  by  the  addition  of  potas- 
sium ferricyanide,  and  tliat  the  carbon  dioxide 
is  liberated  by  adding  an  acid.  The  amount  of 
gas  is  estimated  by  measuring  the  increased 
pressure  in  the  tube  in  which  the  gas  has  been 
given  off. 

About  60  c.c.  of  gas  measured  at  0°  C.  and 
760  mm.  pressure  can  be  extracted  from  100 
c.c.  of  blood.  The  proportion  of  the  gases 
varies  in  arterial  and  in  venous  blood. 

Amount  of  Gases  per  Hundred  Volumes 
OF  Blood 

Venous  Blood. 

12 
46 


Oxygen 

Carbon  dioxide 


Arterial  Blood. 

20 
40 


may 


be 


Relationship  of  Hb 
-HbO< 


Methsemoglobin 


and  its  Derivatives 
 HbCO 


Hb 
I 


Hsematin 


Globin 


Acid  Hsematin 


Alkaline  Hsematin 


Oxidised 


Iron-free  Hsematin 
(Hsematoporphyrin) 


Reduced 
(Hsemochromogen) 

Hsematoidin 
Bilirubin 


There  are  two  ways  in  which  gases 
held  in  such  a  fluid  as  the  blood — 

\st.  In  simple  solution. 

'2nd.  In  chemical  combination. 

Oxygen. — At  the  temperature  of  the  body  the 
blood  can  hold  in  solution  less  than  1  per  cent 
of  oxygen.  Now  the  amount  of  oxygen  actually 
present  is  about  20  per  cent ;  so  that  by  far 
the  greater  quantity  of  the  gas  is  not  in 
solution.  We  have  already  seen  that  it  is  in 
loose  chemical  union  with  hsemoglobin. 

Carbon  Dioxide.  —  In  the 
animal  body  the  blood  can  dis- 
solve about  2^  per  cent  of 
carbon  dioxide.  But  it  may 
contain  as  much  as  46  per 
cent,  and  this  is  uniformly 
distributed  between  plasma 
and  corpuscles.  Hence  the 
greater  part  of  the  gas  must 
be  in  chemical  combination. 
Analysis  of  the  ash  of  the 
plasma  shows  that  tlie  sodium 
is  more  than  sufficient  to  com- 
bine with  the  chlorine  and 
phosphoric  acid,  and  is  thus 
available  to  take  up  carbon  di- 
oxide, as  the  carbonate  Na.jCOg 
and  the  bicarbonate  NaHCOj. 
Sodium   carbonate   and  basic 


;  Contain  Iron. 


Iron-free. 
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sodium  phosphate  are  therefore  present  together 
in  the  plasma. 

If  carbon  dioxide  is  passed  into  a  sokition  of 
sodium  phosphate  it  appropriates  a  certain  amount 
of  the  sodium,  changing  Na^PO^  to  NaHPO^. 
This  is  what  happens  in  the  tissues  where  CO2 
is  abundant.    In  the  kings,  where  the  blood  is 


'.if  -.J" 


Fig.  112. — Section  of  a  lymph  gland,  a,  Caiisule ;  6,  germ  centres 
of  cortex;  c,  sinuses;  d,  trabecula;  e,  germ  centres  of  medulla. 

exposed  to  an  atmosphere  poor  in  COg,  the  PgO^ 
again  seizes  on  the  Na,  turning  out  the  CO.,. 

But  the  proteins  of  the  blood  also  act  in  the 
same  way  as  weak  acids,  being  turned  out  of 
their  combination  with  bases  by  the  mass  action 
of  CO2,  and  thus  acting  as  carriers  of  COj. 

In  the  corpuscles  the  hfemoglobin  acts  as 
an  acid.  When  the  amount  of  CO.,  is  great, 
haemoglobin  is  turned  out  of  its  combination 
with  bases.  But  when  the  pressure  of  CO^  is 
low  the  haemoglobin  turns  it  out.  For  this 
reason  it  is  possible  to  remove  all  the  CO2  from 
whole  blood  in  an  air-pump,  but  not  possible 
to  remove  it  from  blood  plasma.  In  fact,  the 
carriage  of  carbon  dioxide  and  its  excretion  are 
mainly  the  result  of  a  struggle  between  that  gas 
on  the  one  hand  and  the  proteins  and  phosphoric 
acid  on  the  other,  for  the  bases  of  the  plasma. 

Nitroijen. — The  amount  of  nitrogen  in  the 
blood  is  not  in  excess  of  what  can  be  held  in 
solution,  and  we  may  therefore  infer  that  it  is 
simply  dissolved  in  the  blood  plasma. 

V.  Source  of  the  Blood  Constituents 
A.  Of  the  Plasma. — The  water  of  the  blood  is 
derived  almost  entirely  from  the  water  ingested. 

The  source  of  the  proteins  has  not  been  fully 
investigated.  Undoubtedly  they  are  partly 
derived,  somewhat  indirectly  as  we  shall  after- 
wards see,  from  the  proteins  of  the  food.  Very 
probably,  too,  they  are  in  part  derived  from 
the  tissues.  But  the  significance  of  the  two 
proteins,  albumin  and  globulin,  and  of  their 
variations  has  not  yet  been  elucidated. 

The  glucose  is  derived  from  the  carbohydrates 
and  possibly  from  the  proteins  of  the  food,  and 
during  starvation  it  is  constantly  produced  in 
the  liver  and  poured  into  the  blood  (p.  74). 


The  fats  are  derived  from  the  fats  and  carbo- 
hydrates, and  possibly  from  the  proteins  of  the 
food. 

The  urea  and  other  waste  constituents  are 
derived  from  the  various  tissues. 

B.  Of  the  Cells.  — I.  Leucocytes. — In  the  em- 
bryo these  are  first  developed  from  the  meso- 
blast  cells  generally.  In  extra-uterine  life  they 
are  formed  in  the  lymph  tissue  and  in  the  I'ed 
marrow  of  bone. 

1.  Lymph  tissue  {see  vol.  vii.  p.  499)  is  very 
widely  distributed  in  the  body,  occurring  either 
in  patches  of  varying  shape  and  size,  or  as  regular 
organs,  the  lymphatic  glands  (Fig.  112).  These 
are  placed  on  the  course  of  lymphatic  vessels,  and 
consist  of  a  sponge-work  of  fibrous  tissue,  in  the 
interstices  of  which  are  set  the  patches  of  lymph 
tissue  or  cjerm  centres,  each  surrounded  by  a 
more  open  network,  the  sinus,  through  which 
the  lymph  flows,  carrying  away  the  lympho- 
cytes, which  are  the  characteristic  elements 
produced,  from  the  germ  centres.  Ptound  some 
of  the  lymphatic  glands  of  certain  animals  large 
blood  spaces  or  sinuses  are  seen,  and  these 
glands  are  called  hsemolymph  glands  (Fig.  114). 
They  are  intermediate  between  lymphatic 
glands  and  the  spleen.  When  erythrocytes  are 
destroyed  by  hfemolytic  agents,  the  pigment 
and  the  iron  derived  from  the  hsemoglobin  are 
often  found  abundantly  in  the  cells  in  the 
sinuses  of  lymph  and  hfemolymph  glands. 


Fia.  113. — Sectionof  red  marrow  of  bone,  a,  Lymphocyte  ;  6,  fat 
cell ;  c,  erythroblast ;  d,  giant  cell ;  e,  erythrocyte  ;  /,  ery- 
throblast  in  mitosis  ;  </,  neutrophil  myelocyte ;  h,  eosino- 
phil myelocyte ;  k,  eosinophil  leucocyte  ;  I,  polymorpho- 
nuclear leucocyte. 

2.  Bone  Marroiv.  —  The  structure  of  bone 
marrow  is  considered  below,  but  it  may  be 
stated  here  that  young  leucocytes  or  leuco- 
blasts,  in  the  condition  of  mitosis,  are  abundant, 
and  that  they  pass  away  in  the  blood  stream. 
They  are  of  all  varieties.  In  certain  patho- 
logical conditions  the  formation  of  these  cells  is 
increased  and  a  leucocytosis  results  (Fig.  113). 

II.  Erythrocytes. — In  the  embryo  these  cells 
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seem  to  be  formed  by  a  process  of  budding  from 
the  mesoblast  cells,  which  become  vacuolated 
to  form  the  primitive  blood-vessels.  Later  they 
develop  in  the  liver  and  spleen,  but  after  birth 
they  are  formed  in  the  red  marrow  of  bone 
(Fig.  113).  Marrow  consists  of  a  fine  fibrous 
tissue  with  large  blood  capillaries  or  sinuses 
running  in  it.  In  the  fibrous  tissues  are 
numerous /a<  cells  (clear  spaces  b  in  Fig.  113) 
and  generally  a  considerable  number  of  multi- 
nucleated giant  cells  or  myelocytes  {d).  In 
addition  to  these  are  the  young  leucocytes, 
leucoblasts  (a.g.h.),  and  lastly  young  nucleated 
red  cells,  the  erytkrohlasts  {c.f.).  After  haemor- 
rhage, the  formation  of  these  becomes  unusually 
active,  and  may  implicate  parts  of  the  marrow 
not  generally  concerned  in  the  process,  and 
hence  the  red  marrow  may  spread  from  the 
ends  of  the  long  bones,  where  it  is  usually 
situated,  towards  the  middle  of  the  shaft.  The 
nuclei  of  the  erythroblasts  atrophy  or  are  shed, 
and  the  cells  escape  into  the  blood  stream. 
The  red  marrow  has  the  power  of  retaining  the 
iron  of  disintegrated  erythrocytes,  which  are 
often  found  enclosed  in  large  modified  leucocytes 
or  phagocytes.  The  iron  is  often  very  abundant 
after  a  destruction  of  erythrocytes. 

VI.  Total  Amou7it  of  Blood  in  the  Body 

This  was  formerly  determined  by  bleeding 
an  animal,  measuring  the  amount  of  blood  shed, 
and  determining  the  amount  of  haemoglobin 
contained  in  it ;  then  washing  out  the  blood- 
vessels, and  after  measuring  the  amount  of  fluid 
used,  determining  the  amount  of  hsemoglobin 
in  it  to  ascertain  the  amount  of  blood  it  re- 
presented. By  this  method  the  amount  of 
blood  was  found  to  be  about  of  the  body 
weight. 

Haldane  and  Lorrain  Smith  have  devised  a 
method  which  can  be  applied  to  the  living- 
animal.  It  depends  upon  the  fact  that,  after 
an  animal  or  person  has  inhaled  carbon  monoxide, 
it  is  possible  to  determine  to  what  proportion 
the  gas  has  replaced  oxygen  in  the  oxyhsemo- 
globin.  If  then  an  individual  breathes  a  given 
volume  of  carbon  monoxide,  and  if  a  measured 
specimen  of  blood  is  found  to  contain  a  definite 
percentage  of  the  gas,  the  rest  of  the  gas  must 
be  equally  distributed  through  the  blood,  and 
thus  the  amount  of  blood  may  be  deduced. 

By  this  method  they  conclude  that  the  blood 
is  about  o-\j-  of  the  weight  of  the  body  in  the 
human  subject. 

VII.  Distrihution  of  the  Blood 

Roughly  speaking,  the  blood  is  distributed 
somewhat  as  follows  : — 

Heart,  lungs,  large  vessels  .  .  ^ 

Muscles       .        .       .  .  .  I 

Liver  .       .       .       .  .  .  \ 

Other  organs       .       .  .  .  \ 


VIII.  Fate  of  the  Blood  Constituents 

The  water  of  the  blood,  constantly  renewed 
from  outside,  is  constantly  got  rid  of  by  the 
kidneys,  skin,  lungs,  and  bowels. 

About  the  fate  of  the  proteins  we  know 
nothing.  They  are  probably  used  in  the 
construction  of  the  tissues,  but  experimental 
evidence  of  this  is  wanting. 

The  glucose  and  fat  are  undoubtedly  used 
up  in  the  tissues. 

The  urea  and  waste  products  are  excreted 
by  the  kidneys. 

The  fate  of  the  salts  is  not  fully  worked  out. 
The  chlorides  are  partly  excreted  by  the  kidneys 
and  are  partly  split  up  to  form  the  hydrochloric 
acid  required  for  stomach  digestion.  The 
phosphates  and  sulphates  are  excreted  in  the 
urine,  but  whether  they  are  also  used  in  the 
tissues  is  not  known. 

The  leucocytes  break  down  in  the  body — 
but  when  and  how  we  do  not  know.  We  shall 
afterwards  find  that  they  are  greatly  increased 
in  number  after  a  meal  of  proteins,  and,  since 
the  increase  is  transitory,  lasting  only  for  a 
few  hours,  they  are  probably  rapidly  broken 
down,  possibly  to  feed  the  tissues.  It  would 
thus  seem  that  a  leucocyte  may  live  for  only 
a  short  time  in  the  blood. 

The  erythrocytes  also  break  down.  How 
long  they  live  is  not  known.  It  is  found,  after 
injecting  blood,  that  the  original  number  of 
corpuscles  is  not  reached  for  about  a  fortnight, 
and  hence  it  has  been  concluded  that  the 
corpuscles  live  for  that  period.  The  experi- 
ment, however,  is  far  from  conclusive,  and 
must  be  accepted  with  reservation. 

Organs  connected  with  Haemolysis.  —  The 
process  of  breaking  down  of  old  erythrocytes 
and  eliminating  their  pigment  is  often  called 
the  process  of  haemolysis.  Certain  organs 
appear  to  be  specially  connected  with  it,  but 
the  precise  part  played  by  each  of  them  is  not 
very  clearly  understood. 

That  the  liver  acts  in  this  way  is  indicated, 
first,  by  the  fact  that  the  blood  passing  from 
the  organ  during  digestion  contains  fewer 
erythrocytes  than  the  blood  going  to  it ;  second, 
by  the  formation  in  the  liver  cells  of  bile 
pigments,  which  are  derivatives  of  hajmoglobin  ; 
third,  by  the  presence  of  pigment  and  of  iron 
in  simple  combinations  in  the  liver  cells  under 
certain  conditions.  It  is  possible  that  tlie 
reabsorbed  salts  of  the  bile  acids  in  the  portal 
blood  dissolve  the  pigment  out  of  the  old 
erythrocytes,  and  that  the  liver  cells  may 
then  act  upon  the  liberated  pigment.  Under 
ordinary  conditions  the  liver  does  not  store 
much  iron. 

The  spleen  is  generally  said  to  have  a  similar 
action.  This  organ  is  composed  of  a  fibrous 
capsule  containing  non-strijjed  muscle  and  a 
sponge-work  of  fibrous  and  muscular  trabecuhc. 
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in  the  interstices  of  which  is  the  spleen  pulp. 
The  branches  of  the  splenic  artery  run  in  the 
trabeculse,  and  twigs  pass  out  from  these 
trabeculeje,  and  are  covered  with  masses  of 
lymph  tissue  forming  the  Malpighian  corpuscles. 
Beyond  these,  the  vessels  open  into  a  series  of 
complex  sinuses  lined  by  endothelial  cells  of 
large  size,  from  which  the  blood  is  collected 
into  channels,  the  venous  sinuses,  which  carry 
it  back  to  branches  of  the  splenic  vein  in  the 
trabeculae.  The  pulp  is  thus  comparable  with 
the  blood  sinuses  of  the  hsemolymph  glands, 
and  the  spleen  may  be  considered  as  being  a 
still  further  development  of  the  hajmolymph 
gland  (Fig.  114). 

So  far,  no  decrease  in  the  number  of  erythro- 
cytes in  the  blood  leaving  the  spleen  has  been 
recorded.  In  the  cells  of  the  spleen  pulp,  and 
chiefly  in  the  endothelial  cells,  yellow  pigment 
and  simple  iron  compounds  are  frequently  found, 
indicating  that  haemoglobin  is  being  broken 
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Fig.  114. — To  show  the  relationship  of  the  spleen  to  lymph  glands  and  hsemo- 
lymph glands.  Tlie  black  indicates  lymphoid  tissue ;  the  coarsely  spotted 
part,  lymph  sinuses,  and  the  finely  dotted  part,  blood  sinuses.  (Lewis.) 


down.  But  the  idea  that  the  spleen  plays  an 
important  part  in  the  actual  destruction  of 
erythrocytes  seems  to  be  negatived  by  the  fact 
that,  when  blood  is  injected,  the  cells  are  broken 
down  no  faster  in  an  animal  with  the  spleen 
intact  than  in  an  animal  from  which  the  spleen 
has  been  removed.  While  the  spleen  appears 
to  have  no  action  in  killing  and  destroying 
erythrocytes,  its  cells,  like  those  of  the  sinuses 
of  the  lymph  glands  and  hsemolymph  glands, 
have  the  power  of  taking  up  dead  and  disin- 
tegrating erythrocytes  and  storing  the  iron  for 
future  use  in  the  body.  These  organs  may,  in 
fact,  be  regarded  as  the  graves  of  the  dead 
erythrocytes. 

The  non-striped  muscle  in  the  framework  of 
the  spleen  undergoes  rhythmic  contraction  and 
relaxation,  and  the  organ  thus  contracts  and 
expands  at  regular  intervals  of  about  a  minute. 

These  movements  may  be  recorded  by  en- 
closing the  organ  in  an  oncometer,  a  closed 
capsule  connected  with  some  form  of  recording- 
apparatus. 

The   movements   are   controlled   by  fibres 


leaving  the  spinal  cord  chiefly  in  the  6th,  7th, 
and  8th  dorsal  nerves  of  both  sides.  Strong 
stimulation  of  these  causes  contraction. 

B.  Lymph 

(1)  Characters  of  Lymph. — The  lymph  is  the 
fluid  which  plays  the  part  of  middleman  be- 
tween the  blood  and  the  tissues.  It  tills  all 
the  spaces  in  the  tissues  and  bathes  the  in- 
dividual cell  elements.  These  spaces  in  the 
tissues  open  into  vessels — the  lymph  vessels — 
in  which  the  lymph  flows  and  is  conducted 
through  lymph  glands  and  back  to  the  blood 
through  the  thoracic  duct  (.see  Fig.  115,  p.  10). 

Lymph  varies  in  character  according  to  the 
situation  from  which  it  is  taken  and  according 
to  the  condition  of  the  animal. 

Lymph  taken  from  the  lymph  spaces — e.g. 
the  pericardium,  pleura,  or  peritoneum — is  a 
clear  straw-coloured  fluid.    It  has  little  or  no 
tendency  to  coagulate.    Microscopic  examina- 
tion shows  that  it  contains  few  or 
no  cells — any  cells  which  may  exist 
being  Ij'mphocytes.    In  reaction  it 
is  alkaline.     The  specific  gravity 
varies  according  to  its  source,  being 
lowest  when  from  the  limbs  and 
highest  when  from  the  liver. 

Apparently  the  cause  of  the  non- 
coagulation  of  such  lymph  is  the 
absence  of  cells  from  which  thrombo- 
kinase  may  be  set  free.  If  blood 
or  white  corpuscles  be  added  to  it, 
a  loose  coagulum  forms. 

If  the  lymph  be  taken  from 
lymphatic  vessels  after  these  have 
passed  through  lymphatic  glands, 
it  is  found  to  contain  a  number 
of  lymphocytes,  and  it  coagulates 
readily. 

Chemically,  lymph  resembles  blood  plasma 
in  which  the  proteins  are  in  smaller  amount, 
but  the  inorganic  salts  in  the  same  proportion 
as  in  the  blood.  The  amount  of  solids  varies 
in  lymph  from  difi'erent  organs. 

Proteins. 

2-3  per  cent 
•      4-6  „ 
.      6-8  „ 


In  the  lymphatics  coming  from  the  alimentary 
canal  during  starvation,  the  lymph  has  the 
characters  above  described.  But  after  a  meal 
it  has  a  milky  appearance  and  is  called  chyle. 
This  milky  appearance  is  due  to  the  presence 
of  fats  in  a  very  fine  state  of  division,  form- 
ing what  is  called  the  molecular  basis  of  the 
chyle. 

Lymph  in  various  diseases  tends  to  accumu- 
late as  serous  eff'usions  in  the  large  lymph 
spaces — e.r/.  the  pleura,  peritoneum,  pericardium 
— and  these  eff'usions  behave  differently  as 
regards  coagulation.    The  following  table  helps 
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to  explain  this  (S.A.  is  Serum  Albumin,  S.G. 
Serum  Globulin) : — 


Coagulability  of  Lymph,  Serum,  and  Effusions. 

Plasma  and 
Lymph. 

Serous  Effusion. 

Serum. 

S.A. 

S.G. 
Fibrinogen. 
Thrombin. 

Coag. 

S.  A. 

S.  G. 
Fibrinogen. 
Thrombin. 

Coag.  with 
Thrombin. 

S.  A. 
S.  G. 
Filjrinogen. 

XJncoag. 

S.  A. 

S.G. 

Uncoag.  • 

S.  A. 
S.  G. 

Thrombin. 

LUNO 


2.  Formation  of  Lymph. — Lymph  is  derived 
partly  from  the  blood  and  partly  from  the 
tissues.  The  formation  of  lymph  from  the 
blood  depends  upon  the  permeability  of  the 
walls  of  the  capillaries  and  the  pressure  of 
blood  in  the  blood-vessels.  Thus,  although 
the  pressure  in  the  blood-vessels  of  the  limbs 
is  much  higher  than  the  pressure  in  the 
vessels  of  the  liver,  hardly  any 
lymph  is  iisually  produced  in 
the  former,  while  very  large 
quantities  are  produced  in  the 
latter — apparently  because  of 
the  small  permeability  of  the 
limb  capillaries  and  the  great 
permeability  of  the  hepatic 
capillaries.  The  permeability 
may  be  increased  by  anything 
which  injures  the  capillary 
wall.  Thus  the  injection  of 
hot  water  or  of  proteoses  at 
once  leads  to  an  increased  flow 
of  lymph. 

While   the   permeability  of 
the  vessel  wall  is  the  most  im- 
portant factor  controlling  lymph 
formation,  any  increase  of   the  intravascular 
pressure  of  a  region  increases  the  flow  of  lymph, 
and  for  this  reason  any  obstruction  to  the  free 
flow  of  blood  from  a  part  leads  to  increased 
lymph  production  from  that  area. 

That  lymph  is  also  formed  from  the  tissues 
is  indicated  by  the  fact  that  the  injection  of 
substances  of  high  osmotic  equivalent  into  the 
blood — such  as  sugar  or  sodium  sulphate — 
leads,  by  a  process  of  osmosis,  to  a  flow  of  fluid 
into  the  blood,  so  that  it  becomes  diluted,  and 
also  to  an  increased  formation  of  and  flow  of 
lymph,  and  this  increase  of  water  in  both  can 
be  explained  only  by  its  withdrawal  from  the 
tissues. 


— leading  off  to  every  part  of  the  body,  and 
ending  in  innumerable  fine  irrigation  channels 
— the  capillaries  {Cap.) — in  the  substance  of 
the  tissues.  From  these,  a  considerable  pro- 
portion of  the  blood  constituents  is  passed  into 
the  spaces  between  the  cells  as  lymph.  From 
these  spaces  the  fluid  is  either  passed  back 
into  the  capillaries,  or  is  conducted  away  in  a 
series  of  lymph  vessels,  which  carry  it  through 
lymph  glands  (Ly.),  from  which  it  gains  cer- 
tain necessary  constituents,  and  finally  bring  it 
back  to  the  central  pump. 

The  fluid,  which  has  not  passed  out  of  the 
capillaries  into  the  tissues,  has  been  deprived  of 
many  of  its  constituents,  and  this  withdrawal 
of  nutrient  material  by  the  tissues  is  made  good 
by  a  certain  quantity  of  the  blood  being  sent 
through  the  walls  of  the  stomach  and  intestine 
(Al.C.),  in  which  the  nutrient  material  of  the 
food  is  taken  up  and  added  to  the  blood  return- 
ing to  the  heart.    At  the  same  time,  the  waste 


CAP 


The  Circulatory  System 
I.  Genei'al  Arram/ement 
The  arrangement  by  which  the  blood  and 
lymph  are  distributed  to  the  tissues  may  be 
compai'ed  to  a  great  irrigation  system. 

It  consists  of  a  central  force-pump  —  the 
systemic  heart  (Fig.  115,  H.H.) — from  which 
pass  a  series  of  conducting  tubes — the  arteries 


Fig.  115.— Scheme  of  the  circulation.  S.Il.,  Systemic  heart  sending  l)Iood  to  the  capil- 
laries in  the  tissues,  Cap.  The  blond  brought  back  by  veins  and  the  exuded  lymph 
by  lymphatics,  /,;/.,  passing  through  glands  ;  bluod  sent  to  the  alimentary  canal, 
Al.C,  and  from  that  to  the  liver,  Liv.;  blood  also  sent  to  the  kidneys,  Kid.  ;  the 
blood  before  again  being  sent  to  the  body  is  passed  through  the  lungs  by  the 
pulmonic  heart,  P.  II. 

materials  added  to  the  blood  by  the  tissues  are 
partly  got  rid  of  by  a  certain  quantity  of  the 
blood  being  sent  through  the  liver  and  kidnej's 
{Liv.  and  Kid.). 

The  blood  is  then  poured  back,  not  at  once 
into  the  great  pump  which  sends  it  through  the 
body,  but  into  a  subsidiary  pump — the  pulmonic 
heart  {P.H.) — by  which  it  is  pumped  through 
the  lungs,  there  to  obtain  a  fresh  supply  of 
oxygen,  and  to  get  rid  of  the  carbon  dioxide 
excreted  into  it  by  the  tissues.  Finally  the 
blood,  with  its  fresh  supply  of  oxygen  from  the 
lungs,  and  of  nourishing  substances  from  the 
alimentary  canal,  is  jwured  into  the  great 
systemic  pump — the  left  side  of  the  heart — 
again  to  be  distributed  to  the  tissues. 

Thus  the  circulation  is  arranged  so  that  tlie 
blood,  exhausted  of  its  nourishing  material  by 
the  tissues,  is  replenished  in  the  body  before 
being  again  supplied  to  the  tissues. 

The  sectional  area  of  this  irrigation  system 
varies  enormously.  The  aorta  leaving  the  heart 
has  a  comparatively  small  channel.  If  all  tlie 
arteries  of  the  size  of  the  radial  were  cut  across 
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and  put  together,  their  sectional  area  would  be 
many  times  the  sectional  area  of  the  aorta. 
And,  if  all  the  capillary  vessels  were  cut  across 
and  placed  together,  the  sectional  area  would  be 
about  700  times  that  of  the  aorta. 

From  the  capillaries,  the  sectional  area  of  the 
veins  and  lymphatics  steadily  diminishes  as  the 
smaller  branches  join  with  one  another  to  form 
the  larger  veins  and  lymphatics ;  but,  even 
at  the  enti'ance  to  the  heart,  the  sectional  area 
of  the  returning  tubes,  the  veins,  is  about  twice 
as  great  as  that  of  the  aorta  (Fig.  l-tO,  p.  36). 

The  circulatory  system  may  thus  be  compared 
to  a  stream  which  flows  from  a  narrow  deep 
channel,  the  aorta,  into  a  gradually  broadening 
bed,  the  greatest  breadth  of  the  channel  being- 
reached  in  the  capillaries.  From  this  point  the 
channel  gradually  narrows  until  the  heart  is 
reached. 

Hence  the  blood  stream  is  very  rapid  in  the 
arteries  where  the  channel  is  narrow,  and  very 
sluggish  in  the  capillaries  where  the  channel  is 
wide,  so  that  in  them  plenty  of  time  is  allowed 
for  exchanges  between  the  blood  and  the  tissues. 

II.  The  Central  Pump — The  Heart 

A.  Structure. — A  very  simple  form  of  heart 
exists  in  the  ascidians.  At  one  point  on  a  large 
vessel  there  is  a  thickening  in  the  wall  composed 
of  non-striped  muscular  fibres.  A  contraction  is 
seen  to  pass  from  one  end  of  this  to  the  other  at 
frequent  regular  intervals,  thus  forcing  the  fluid 
through  the  vessels.  The  embryonic  heart  in 
man  has  a  similar  structure. 

In  the  snail  and  cuttle-fish,  in  addition  to  the 
contracting  muscular  thickening,  there  is  also  a 
thin-walled  receiving  chamber  into  which  the 
blood  flows  before  it  is  expelled  onwards.  The 
heart  is  thus  composed  of  two  chambers — 

\st.  A  receiving  chamber — the  auricle. 

2nd.  An  expelling  chamber — the  ventricle. 

In  fish  the  heart  has  a  similar  structure. 
But  in  lung-bearing  animals  a  more  complex 
arrangement  is  required,  and  a  double  heart  is 
found:  one  concerned  with  the  propulsion  of 
blood  to  the  system  generally,  and  hence  called 
the  systemic  heart ;  one  propelling  blood  to  the 
lungs,  and  hence  called  the  pulmonic  heart.  In 
mammals,  the  former  chamber  is  on  the  left 
side,  the  latter  on  the  right.  Each  consists  of 
a  receiving  and  expelling  chamber — an  auricle 
and  a  ventricle. 

The  walls  of  these  chambers  are  essentially 
muscular;  but  this  muscular  layer,  or  myo- 
cardium, lies  between  two  fibrous  layers,  the 
pericardium  and  the  endocardium. 

The  musculature  of  the  auricles  is  separate 
from  that  of  the  ventricles,  but  some  fibres 
more  like  ordinary  visceral  fibres  than  cardiac 
muscle  extend  from  one  to  the  other.  This 
band  of  His'  plays  a  most  important  part  in 
conducting  contraction  started  in  the  auricles 
to  the  ventricles.    If  the  heart  be  boiled,  the 


auricles,  the  aorta,  and  the  pulmonary  artery 
may  be  separated  from  the  ventricles.  This  is 
because  boiling  converts  fibrous  tissue  to  gelatine 
and  dissolves  it,  and  it  is  by  white  fibrous  tissue 
that  the  auricles  and  great  arteries  are  attached 
to  the  ventricles.  This  tissue  is  arranged  in 
three  rings  :  one  encircling  the  opening  between 
the  right  auricle  and  ventricle,  and  crescentic 
in  shape  ;  one,  more  circular  in  shape,  encircling 
in  common  the  left  auriculo-ventricular  and  the 
aortic  orifice  ;  and  one  encircling  the  pulmo- 
nary opening.  The  auricles  are  attached  to 
the  auriculo-ventricular  rings  above,  the  ven- 
tricles are  attached  below,  while  the  valves  of 
the  heart  are  also  connected  with  them. 

The  muscular  fibres  of  the  auricles  are 
arranged  in  two  badly-defined  layers — 

\st.  An  outer  layer  running  horizontally 
round  both  auricles. 

'2nd.  An  inner  layer  arching  over  each  auricle, 
and  connected  with  the  auriculo-ventricular  rings. 

Contraction  of  the  first  layer  diminishes  the 
capacity  of  the  auricles  from  side  to  side.  Con- 
traction of  the  second  pulls  the  auricles  down- 
wards towards  the  ventricles,  and  thus  diminishes 
their  capacity  from  above  downwards. 

The  peculiar  striped  muscle  fibres  of  the 
auricular  wall  extend  for  some  distance  along 
the  great  veins  which  open  into  these  chambers. 

The  left  ventricle  forms  the  cylindrical  core 
to  the  heart,  and  the  right  ventricle  is  attached 
along  one  side  of  it.  The  septum  between  the 
venti'icles  is  essentially  the  right  wall  of  the  left 


Flo.  116. — Cross  section  tlirough  the  ventricles  of  tlie  heart  look- 
ing towards  auricles,  to  show  the  right  ventricle  placed  on 
the  central  core  of  the  left  ventricle.  The  cusps  of  the 
auriculo-ventricular  valves  are  also  shown. 

A'entricle,  and  it  bulges  into  the  right  ventricle 
with  a  double  convexity  from  above  downwards 
and  from  before  backwards  (Fig.  116). 

The  muscle  fibres  of  the  ventricles  are 
arranged  essentially  in  thi'ee  layers — 

l.s^  The  outmost  layer  takes  origin  from  the 
auriculo-ventricular  rings,  and  passes  down- 
wards and  to  the  left  till  it  reaches  the  apex 
of  the  heart.  Here  it  turns  inwards,  forming 
a  sort  of  vortex,  and  becomes  continuous  witli 
the  inmost  layer. 
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2nd.  The  middle  layer  is  composed  of  fibres 
running  horizontally  round  each  ventricle.  It 
is  the  thickest  layer  of  the  heart,  and  in  con- 
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Fig.  117. — The  l  iglit  ventricle  and  tricuspid  valve  to  show  the  relation- 
ship of  the  papillary  muscles  and  chordse  tendinea;  to  the  cusps 
of  the  valve.  {See  text.) 


tracting  it  pulls  the  walls  of  the  ventricles 
towards  the  septum  ventriculi. 

3rd.  The  inmost  layer  is  continuous  with  the 
outmost  layer,  as  it  turns  in  at  the  apex.  It 
may  be  considered  as  composed  of  two  parts — 

(a)  A  layer  of  fibres  running  longitudinally 
along  the  inside  of  each  ventricle  from  the 
apex  upwards  to  the  auriculo-ventricular  ring. 
These  fibres  are  raised  into  flesliy  columns,  the 
columnte  carnefe. 

(h)  A  set  of  fibres,  constituting  the  papillary 
muscles  (Fig.  117,  F.M.),  wliich,  taking  origin 
from  the  apical  part  of  the  ventricles,  extend 
freely  upwards  to  terminate  in  a  series  of  ten- 
dinous cords  (the  chordte  tendinete),  which  are 
inserted  partly  into  the  auriculo  -  ventricular 
valves,  presently  to  be  described,  and  partly 
into  the  auriculo-ventricular  rings.  The  papil- 
lary muscles  are  merely  specially  modified 
columnte  carnete.  In  many  cases,  actual  mus- 
cular processes  extend  from  the  apex  of  the 
papillary  muscles  to  the  aurico-ventricular  ring. 

In  the  left  ventricle  there  are  two  papillary 
muscles,  or  groups  of  papillary  muscles — one  in 
connection  with  the  anterior  wall  of  the  ventricle, 
and  one  in  connection  with  the  jDosterior  wall. 

In  the  right  ventricle  there  are — 1st.  One 
or  more  small  horizontally  running  papillary 
muscles  just  under  the  pulmonary  orifice,  their 
apices  pointing  backwards  (Fig.  117,  S.P.M.). 

2nd.  A  large  papillary  muscle  taking  origin 
from  the  mass  of  fleshy  columns  at  the  apex  of 
the  ventricle  (A. P.M.). 

3rd.  One  or  more  papillary  muscles  of  vary- 
ing size  arising  from  the  posterior  part  of  the 
apical  portion  of  the  ventricle  {P. P.M.). 

iith.  x\  number  of  small  septal  papillary 
muscles  arising  from  the  septum. 


The  distribution  of  the  chordae  from  these 
muscles  will  be  considered  in  connection  with 
the  auriculo-ventricular  valves. 

In  conti'action,  the  outmost  and  inmost 
layers  of  the  ventricles  tend  to  approximate 
the  apex  to  the  base  of  the  ventricles,  but  this 
is  I'esisted  by  the  contracting  middle  layer. 
The  apex  tends  to  be  tilted  towards  the  right, 
the  papillai'y  muscles  shorten ;  the  columnte 
carnese  by  their  shortening  and  thickening 
encroach  upon  the  ventricular  cavity,  and 
help  to  abolish  it,  while  the  auriculo-ven- 
tricular rings  are  di'awn  downwards  and  in- 
wards towards  the  septum. 

The  endocardium  forms  a  continuous  fibrous 
layer,  lined  by  endothelium,  extending  from 
the  vessels  over  the  inner  aspect  of  auricles 
and  ventricles.  At  certain  points  flaps  of 
this  endocardium  are  developed  to  form  the 
valves  of  the  heart. 

In  the  heart,  valves  are  situated  at  the 
entrance  to  and  at  the  exit  from  the  expel- 
ling cavities.  There  is  thus  on  each  side  of 
the  heart  a  valve  between  the  auricles  and 
ventricles,  and  a  valve  between  the  ventricles 
and  the  great  arteries. 

Auriculo-ventricular  Valves.  —  On  each  side 
of  the  heart  the  auriculo-ventricular  valve  is 
formed  by  flaps  of  endocardium,  which  hang 


FIG  118.— Vertical  mesial  section  through  heart  to  show  aortic 
and  mitral  valves.  R.V.,  Right  ventricle;  L.V.,  left  ven- 
tricle with  papillary  muscle;  L.A.,  left  auricle;  ^4o.,  aorta 
with  anterior  cusp  on  top  of  septum. 

downwards  from  the  auriculo-ventricular  ring 
like  a  funnel  into  the  ventricular  cavity,  and 
which  are  attached  to  the  apices  of  the  papillary 
muscles  by  the  chordtC  tendinefe  (Figs.  117  and 
118). 

On  the  left  side  of  the  heart  there  are  two 
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main  ousps,  forming  the  mitral  valves  (Fig. 
118)— 

1st.  An  anterior  or  right  cusp,  which  takes 
origin  from,  and  is  continuous  with,  the  right 
posterior  wall  of  the  aorta.  It  hangs  down 
into  the  ventricle  between  the  aortic  and  auri- 
culo-ventricular  orifices,  thus  dividing  the  ven- 
tricle into  two  parts,  an  aortic  and  an  auricular 
part.  This  cusp  is  very  strong,  and  in  many- 
animals  bone  is  developed  in  it  towards  its  base. 
It  is  composed  of  dense  fibrous  tissue,  is  smooth 
on  both  sides,  and  the  chordse  are  inserted 
chiefly  along  its  edges. 

2nd.  The  posterior  or  left  cusp  takes  origin 
from  the  back  part  of  the  auriculo-ventricular 
ring,  and  hangs  in  the  ventricle  in  its  relaxed 
state  against  the  posterior  and  left  wall.  It  is 
smaller  and  less  strongly  made  than  the  anterior 
cusp.  The  chordfe  tendinese  are  not  only  in- 
serted into  its  edge,  bvit  run  up  along  its  pos- 
terior aspect  to  be  inserted  into  the  auriculo- 
ventricular  ring,  and  they  thus  give  the  posterior 
aspect  of  the  cusp  a  rough  ridged  appearance. 

When  the  papillary  muscles  contract,  the 
cusps  are  drawn  together.  The  edge  of  each 
cusp  thins  out  to  form  a  delicate  border,  which, 
when  the  cusps  are  approximated,  completely 
seals  the  aperture. 

On  the  right  side  of  the  heart  the  auriculo- 
ventricular  orifice  is  separate  from  the  pul- 
monary opening,  and  the  three  cusps  of  the 
tricuspid  valve  are  developed  in  connection  with 
the  crescentic  opening  from  the  auricle  (Fig. 
116).  One  rises  from  the  ring  above  the  septum, 
and  hangs  down  into  the  ventricle  upon  the 
surface  of  the  septum.  This  cusp  is  small, 
thin,  and  delicate.  It  is  attached  by  its  lower 
border  to  the  septal  papillary  muscles.  The 
chief  or  infundibular  cusp  (Fig.  117,  I.C.)  rises 
from  the  front  part  of  the  ring  between  the 
pulmonary  infundibulum  and  the  auriculo- 
ventricvilar  opening.  It  is  connected  by  its 
anterior  border  with  the  horizontal  fibres  from 
the  superior  papillary  muscles,  and  by  its  lower 
and  inferior  border  with  the  chordae  from  the 
anterior  papillary  muscle.  When  these  two 
sets  of  papillary  muscles  contract,  this  cusp  is 
drawn  flat  against  the  bulging  septum. 

The  posterior  cusp  (P.C.)  takes  origin  from 
the  posterior  and  outer  part  of  the  ring,  and 
hangs  down  into  the  posterior  part  of  the  ven- 
tricle. It  is  connected  by  its  anterior  margin 
with  the  anterior  papillary  muscle  and  by  its 
posterior  margin  with  the  posterior  papillary 
muscle.  Contraction  of  these  muscles  therefore 
approximate  its  anterior  edge  to  the  infundibular 
cusp,  its  posterior  edge  to  the  septal  cusp,  and 
pull  it  towards  the  septum. 

In  both  the  infundibular  and  posterior  cusps 
many  of  the  chordae  pass  up  to  be  inserted  into 
the  auriculo-ventricular  ring. 

Semilunar  Valves.  —  The  valves,  situated  at 
the  opening  of  the  ventricles  into  the  great 


arteries,  are  also  formed  as  special  developments 
of  the  endocardium. 

Each  is  composed  of  three  half-moon-shaped 
membranous  pouches  attached  along  their  curved 
margin  to  the  walls  of  the  artery  and  upper 
part  of  the  ventricle,  and  with  their  concavities 
directed  away  from  the  ventricle.  In  the  centre 
of  the  free  margin  is  a  fibrous  thickened  nodule, 
the  corpus  Arantii,  from  which  a  very  thin 
piece  of  membrane,  the  lunule,  extends  to  the 
attached  margin  of  the  edges.  A  pouch,  the 
sinus  of  Valsalva,  lies  behind  each  cusp. 

The  arrangements  of  these  various  cusps  is 
of  importance  in  connection  with  their  action 
(Fig.  118). 

Aortic  Valve. — The  anterior  cusp  is  largest, 
and  lies  somewhat  deeper  in  the  heart  than  the 
others.  At  each  side  it  is  attached  to  the  aortic 
wall,  but  below  it  is  attached  to  the  upper  part 
of  the  septum  ventriculi,  so  that  the  base  of  the 
sinus  of  Valsalva  is  formed  by  the  upper  part  of 
the  septum.  At  a  somewhat  higher  level  is  a 
cusp  which  is  partly  attached  to  the  upper  part 
of  the  septum,  partly  to  the  posterior  wall  of 
the  aorta,  where  this  becomes  continuous  with 
the  anterior  cusp  of  the  mitral.  The  third  cusp 
is  still  higher,  and  is  attached  to  the  aortic  wall, 
where  it  becomes  continuous  with  the  anterior 
cusp  of  the  mitral. 

Pulmonary  Valve.  —  The  posterior  cusp  is 
mounted  on  the  top  of  the  septimi  ventriculi, 
and  is  at  a  somewhat  lower  level  than  the  other 
two. 

Thus,  in  each  valve,  the  cusp  placed  lowest 
is  mounted  on  a  muscular  cushion,  the  use  of 
which  will  afterwards  be  considered. 

Attachments  'and  Relations  of  the  Heart  (Fig. 
119). — The  heart  is  attached,  by  the  great 
vessels  coming  from  it,  to  the 
posterior  wall  of  the  chest  at 
the  level  of  the  fifth  to  the 
eighth  dorsal  vertebrae.  Its 
plane  of  attachment  faces 
forwards  and  downwards. 
From  this  the  heart  projects 
into  the  chest  as  a  conical 
mass  downwards,  forwards, 
and  to  the  left.  It  does  not 
lie  at  right  angles  to  its 
plane  of  attachment,  but, 
when  not  contracting,  it  is 
limp  and  hangs  down,  as 
shown  in  the  diagram  (con- 
tinuous line).  Nor  can  it 
assume  a  position  at  right 
angles  to  its  plane  of  attach- 
ment (dotted  line),  because 
the  front  part  of  the  heart 
lies  against  the  anterior  chest  wall  over  an  area 
(the  praecordium)  bounded  to  the  right  by  the 
midsternal  line,  above  by  the  fourth  left  rib, 
below  by  the  seventh  left  rib,  and  to  the  left 
by  a  vertical  line  inside  the  nipple  line. 


Fig.  119.— Mesial  section 
through  the  thorax 
to  show  the  attach- 
ment and  relations 
of  the  heart. 
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From  the  oblique  position  of  the  heart,  the 
right  auricle  and  ventricle  are  directed  forwards, 
and  it  is  a  portion  of  the  right  ventricle  which 
lies  in  relationship  with  the  chest  wall.  The 
rest  of  the  organ  is  covered  by  the  lungs.  The 
only  parts  of  the  left  side  which  can  be  seen 
from  the  front  are  the  tip  of  the  left  auricular 
appendix,  and  a  narrow  strip  of  the  left  ventricle. 

Below  and  behind  the  heart  lies  upon  the 
central  tendon  of  the  diaphragm,  to  which  the 
pericardiiim  is  attached. 

All  round  it  are  the  lungs  completely  filling 
up  the  rest  of  the  thorax. 

The  heart  is  enclosed  in  a  strong  fibrous  bag, 
the  pericardium,  which  supports  it  and  prevents 
over-distension.  When  fluid  accumulates  in 
this  bag,  the  auricles  are  pressed  upon  and  the 
flow  of  blood  into  them  is  impeded. 

B.  Physiology  of  the  Heart. — The  Cardiac 
Cycle. — Each  part  of  the  heart  undergoes  con- 
tractions and  relaxations  at  regular  rhythmical 
intervals,  and  the  sequence  of  events  from  the 
occurrences  of  any  one  event  to  its  i-ecurrence 
constitutes  the  cardiac  cycle. 

A.  Frog. — In  the  frog  a  contraction,  starting 
from  the  openings  of  the  veins,  suddenly  in- 
volves the  sinus  venosus,  causing  it  to  become 
smaller  and  paler.  This  contraction  is  rapid 
and  of  short  duration,  and  is  followed  by  a  re- 
laxation, the  cavity  again  regaining  its  former 
size  and  colour.  As  this  relaxation  begins,  the 
two  auricles  are  suddenly  contracted  and  pulled 
downwards  towards  the  ventricle,  at  the  same 
time  becoming  paler,  while  the  ventricle  be- 
comes more  distended  and  of  a  deeper  red. 
The  rapid  brief  auricular  contraction  now  gives 
place  to  relaxation,  and,  just  as  this  begins,  the 
ventricle  is  seen  to  become  smaller  and  paler, 
and,  if  held  in  the  finger,  is  felt  to  become 
firmer.  This  event  takes  place  more  slowly 
than  the  contraction  of  either  sinus  or  auricles. 
The  chief  change  in  the  ventricle  is  a  diminu- 
tion in  its  lateral  diameter,  though  it  is  also 
decreased  in  the  antero-posterior  and  vertical 
directions.  During  ventricular  contraction  the 
bulbus  is  seen  to  be  distended  and  to  become  of 
a  darker  colour.  The  ventricular  contraction 
passes  off"  suddenly,  the  ventricle  again  becom- 
ing larger  and  of  a  deep  red  colour.  At  this 
moment  the  bulbus  aortte  contracts  and  becomes 
pale  and  then  relaxes  before  the  next  ventricular 
contraction. 

Each  chamber  of  the  heart  thus  passes 
through  two  phases — a  contraction  phase,  a 
systole  of  short  duration,  and  a  longer  relaxation 
phase,  the  diastole.  And  the  sequence  of  events 
in  the  frog's  heart  might  be  schematically  repre- 
sented as  in  Fig.  120. 

B.  Mammal. — 1.  Rate  of  Recurrence. — The 
rate  of  recurrence  of  the  cardiac  cycle  varies 
with  the  animal  examined.  In  man  it  is  in 
adult  life  about  72  per  minute.  Many  factors 
modify  the  rate  of  the  heart. 


(1)  Period  of  Life.  —  The  following  table 
shows  the  average  rate  of  the  heart  at  differ- 
ent ages : — 


140  per  minute. 
120 
100 
85 

70  to  75  „ 
75  to  80  „ 


Foetus 

Under  1  year 
1  to  3  years 
7  to  14  years 
21  to  61  years 
Old  age 

(2)  Period  of  the  Day. — The  pulse  is  gener- 
ally slowest  in  the  early  morning,  and  quickest 
in  the  evening. 

(3)  Temperature  of  the  Body.  —  The  pulse 
varies  with  the   body  temperature,  generally 


stnus. 


BULBU5 


Fig.  120. — Scheme  of  the  cardiac  cycle  in  the  frog.  S.S.,  Sinus 
systole;  A.S.,  auricular  systole;  V.S.,  ventricular  systole; 
B.S.,  bulbus  systole  ;  P.,  rest  of  all  chambers. 

being  increased  about  10  beats  with  each  degree 
Fahr.  of  elevation  of  temperature. 

(4)  Muscular  exercise  increases  the  rate  of 
the  heart — first,  by  driving  the  blood  from  the 
muscles  into  the  great  veins  (p.  37) ;  and  second, 
by  developing  substances  such  as  COg,  which 
act  directly  upon  the  cardiac  and  respiratory 
mechanisms. 

(5)  Posture  has  also  an  important  influence. 
Suddenly  assuming  the  erect  position  accelerates 
the  heart  by  causing  the  blood  to  accumulate 
in  the  abdominal  veins,  and  thus  checking  its 
transference  on  into  the  arteries  (p.  38). 

(6)  The  condition  of  the  central  nervous 
system  may  modify  the  rate  of  the  heart,  any 
disturbance  accompanied  by  emotional  changes 
either  accelerating  or  retarding  it. 

(7)  Stimulation  of  certain  nerves — especially 
those  of  the  abdomen — tends  to  cause  a  retarda- 
tion in  the  rate  of  the  heart  (p.  22). 

2.  Sequence  of  Events.  —  The  sequence  of 
events  making  up  the  cardiac  cycle  is  simpler 
in  the  mammal  than  in  the  frog. 

The  contraction  starts  in  the  great  veins 
which  enter  the  auricles,  and  spreads  down 
along  them  to  these  chambers.  This  corre- 
sponds to  the  contraction  of  the  sinus  in  the 
frog's  heart.  It  is  followed  by  a  short  sharp 
contraction  of  the  auricles,  which  become  smaller 
in  all  directions  and  seem  to  be  pulled  down 
towards  the  ventricles.  The  contraction  of  the 
auricles  in  mammals  is  not  accompanied  by  so 
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marked  a  dilatation  of  the  Yentricles  as  in  the 
frog. 

After  the  auricles  have  fully  contracted,  the 
contraction  of  the  ventricles  begins,  and  im- 
mediately the  auricles  relax  and  resume  their 
original  size. 

The  ventricular  contraction  develops  sud- 
denly, lasts  for  some  time,  and  then  suddenly 
passes  off. 

The  contraction  of  the  ventricles  is  followed 
by  a  period  during  which  both  auricles  and 
ventricles  remain  relaxed.  This  is  called  the 
pause  of  the  cardiac  cycle. 

The  cardiac  cycle  in  mammals  may  be  repre- 
sented as  in  Fig.  121. 

3.  Duration  ofthePhases. — Ventricular  systole 
lasts  three  times  as  long  as  auricular  systole ; 


AVmCLE5 


y^tiTRICLE5 


Fig.  121. — Scheme  of  the  cardiac  cycle  in  the  human  heart.  A.S.^ 
Auricular  systole  ;  V.S.,  ventricular  systole  ;  pause. 

the  auricles  contract  for  about  O'l  of  a  second, 
the  ventricles  for  0'3  of  a  second. 

The  duration  of  these  two  phases  in  relation- 
ship to  the  pause  varies  very  greatly.  Whatever 
may  be  the  rate  of  the  heart,  the  auricular  and 
ventricular  systoles  do  not  vary  ;  but  in  a  rapidly 
acting  heart  the  pause  is  short,  in  a  slowly 
acting  heart  :it  is  long.  Taking  the  ordinary 
heart  rate  of  72  per  minute,  the  auricular  systole 
lasts  for  one-eighth  of  the  whole  cardiac  cycle, 
the  ventricular  for  three-eighths,  and  the  pause 
for  four-eighths. 

4.  Changes  in  the  Shape  of  the  Chambers. — (1) 
Auricles.  —  These  simply  become  smaller  in  all 
directions  during  systole. 

(2)  Ventricles. — The  changes  in  the  diameters 
of  the  ventricles  may  be  studied  by  fixing  them 
in  the  various  phases  of  contraction  and  measur- 
ing the  alterations  in  the  various  diameters. 

The  shape  in  diastole  may  be  investigated 
after  death  stiffening  has  passed  off  and  has  left 
the  walls  relaxed.  The  condition  at  the  end  of 
systole  may  be  studied  by  rapidly  excising  the 
heart  while  it  is  still  beating  and  plunging  it  in 
some  hot  solution  to  fix  its  contraction. 

The  condition  in  the  early  stage  of  systole, 
before  the  blood  has  left  the  ventricles,  may  be 
studied  by  applying  a  ligature  round  the  great 
vessels  and  then  plunging  the  heart  in  a  hot 
solution  to  cause  it  to  contract  round  the  con- 
tained blood  which  cannot  escape. 

Measurements  of  hearts  so  fixed  show  that  at 
the  beginning  of  contraction  the  antero-posterior 
diameter  is  increased,  while  the  lateral  diameter 
is  diminished.  In  contracting,  the  lateral  walls 
appear  to  be  pulled  towards  the  septum — the 


increase  in  the  antero-posterior  diameter  being 
largely  due  to  the  blood  in  the  right  ventricle 
pressing  on  and  pushing  forward  the  thin  wall 
of  the  conus. 

As  the  ventricles  drive  out  their  blood,  both 
antero  -  posterior  and  lateral  diameters  are 
diminished — but  the  diminution  in  the  lateral 
direction  is  the  more  marked. 

There  is  no  great  shortening  in  the  long  axis 
of  the  heart.  Although  the  contraction  of  the 
longitudinal  fibres  tends  to  approximate  base 
and  apex,  this  is  in  part  prevented  by  the  con- 
traction of  the  circular  fibres. 

5.  Changes  in  the  Position  of  the  Heart.- — 
During  contraction  the  heart  undergoes,  or 
attempts  to  undergo,  a  change  in  position.  In 
the  relaxed  condition  it  hangs  downwards  and 
to  the  left  from  its  plane  of  attachment,  but 
when  it  becomes  rigid  in  ventricular  contraction 
it  tends  to  take  a  position  at  right  angles  to  its 
base — Cor  sese  erigere,  as  Harvey  describes  the 
movement.  Since  the  apex  and  front  wall  are 
in  contact  with  the  chest,  the  result  of  this 
movement  is  to  press  the  heart  more  forcibly 
against  the  chest  wall.  This  gives  rise  to  the 
cardiac  impulse  which  is  felt  with  each  ventri- 
cular systole  over  the  prjecordium  (Fig.  119). 

If  the  chest  is  opened  and  the  animal  placed 
on  its  back  this  elevation  of  the  apex  is  readily 
seen.  If  tlie  animal  is  placed  on  its  belly,  so 
that  the  heart  when  relaxed  hangs  forwards,  the 
apex  is  tilted  back  daring  contraction. 

Since  the  apex  is  twisted  to  the  left,  the 
movement  of  the  ventricle  is  not  simply  directly 
forward,  but  also  from  left  to  right.  This 
tilting  of  the  apex  from  left  to  right  is  further 
favoured  by  the  direction  of  the  muscular  fibres 
of  the  ventricles  which  pass  from  the  auriculo- 
ventricular  rings  downwards  and  to  the  left. 

The  increased  thickness  of  the  heart  from 
before  backwards  also  assists,  to  some  extent,  in 
the  production  of  the  impulse. 

The  study  of  the  position  and  characters  of 
the  cardiac  impulse  is  of  great  importance  in 
medicine. 

The  position  is  determined  by  the  relationship 
of  the  heart  to  the  anterior  chest  wall  and  to 
the  lungs.  The  boundaries  of  the  part  of  the 
heart  lying  in  relationship  to  the  cliest  wall  have 
been  already  defined  (p.  13),  and  it  is  at  the  outer 
and  lower  part  of  this  area,  a  region  bounded 
above  by  the  fifth  rib,  below  by  the  sixtli  rib, 
outside  by  a  line  drawn  vertically  through  the 
nipple,  and  inside  by  a  line  drawn  vertically 
midway  between  the  nipple  and  the  left  edge 
of  the  sternum,  that  the  cardiac  impulse  is  felt. 
Normally  it  does  not  extend  outwards  beyond 
the  nipple  line,  but  frequently  when  the  left 
lung  is  voluminous  the  impulse  only  extends 
out  to  an  inch  or  so  inside  of  the  nipple  line. 
In  children,  on  account  of  the  size  of  the  liver, 
it  is  often  felt  between  the  fourth  and  fifth  ribs. 
This  impulse  is  often  called  the  apex  beat — but 
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it  is  not  the  apex  which  presses  on  the  chest 
wall  but  a  part  of  the  front  of  the  right  ventricle. 

In  character  it  is  felt  as  a  forward  impulse  of 
the  tissue  occupying  the  fifth  interspace,  which 
develops  suddenly,  persists  for  a  short  period, 
and  then  suddenly  disappears.  In  many  forms 
of  heart  disease  its  character  is  markedly 
altered. 

The  cardiac  impulse  may  be  recorded  graphi- 
cally by  means  of  any  of  the  various  forms  of 
cardiograph,  one  of  the  simplest  consisting  of  a 
receiving  and  recording  tambour  connected  by 
means  of  a  tube  (Fig.  122). 

The  form  of  the  trace  varies  according  to  the 
part  of  the  heart  upon  which  the  button  is 
placed,  but  it  has  the  character  shown  in  Fig. 
123  if  the  button  is  upon  the  cardiac  impulse. 

At  the  moment  of  ventricular  systole  the 
lever  is  suddenly  thrown  up  to  a  certain  level 


pressure  in  a  cavity  is  to  connect  it  to  a 
vertical  tube  and  to  see  to  what  height  the 
fluid  in  the  cavity  is  raised.  If  such  a  method 
be  applied  to  the  ventricles  of  the  heart,  the 
blood  in  the  tube  undergoes  such  sudden  and 


Fia.  123.— Cardiograijhic  trace,    a  to  d.  Ventricular  contraction. 

enormous  changes  in  level  that  it  is  impossible 
to  get  accurate  results. 

The  same  objection  applies  to  the  method  of 
connecting  the  heart  with  a  U  tube  iilled  with 
mercury.  When  this  is  done  the  changes  in 
pressure  are  so  sudden  and  so  extensive 
that  the  mercury  cannot  respond  to  them 
on  account  of  its  inertia. 

Various  means  of  obviating  these  diffi- 
culties have  been  devised.  One  of  the 
best  is  to  allow  the  changes  of  pressure 
to  act  upon  a  small  elastic  membrane 
tested  against  known  pressures.  A  tube 
is  thrust  through  the  wall  of  the  heart 
and  connected  with  a  tambour  covered 
by  a  membrane  to  which  a  lever  is 
attached. 

A.  Pressure  in  the  Great  Veins  (small 
dotted  line  in  Fig.  124). — When  the 
auricles  contract,  the  flow  of  blood  from 
the  great  veins  into  these  chambers  is 
\  ^'  T\  arrested,  and,  as  a  result,  the  pressure  in 
the  veins  rises.  As  the  auricles  relax  the 
blood  is  sucked  from  the  veins  and  the 
pressure  falls,  but  as  the  auricles  fill  up 
it  asrain  rises.    When  the  ventricles  relax 


Fig.  122.— Cardiograph  consisting  of  a  receiving  tambour,  witli  a  button  and  SUCk  blood  from  the  auncles,  blood 
on  tlie  membrane  whicli  is  placed  upon  the  cardiac  impulse,  and 
recording  tambour  connected  with  a  lever. 


(a  to  b).  From  this  point  it  suddenly  falls 
slightly  {h  to  c),  but  is  maintained  during  the 
ventricular  systole  above  the  abscissa  (c  to  d). 
At  the  end  of  the  ventricular  systole,  as  the 
heart  falls  away  from  the  chest  wall,  the  lever 
falls  to  its  original  level  {d  to  e).  In  many 
tracings  a  small  rise  of  the  lever  may  be  seen 
just  before  the  great  upstroke.  This  corre- 
sponds to  the  contraction  of  the  auricles. 

In  various  diseases  of  the  heart  the  cardio- 
gram is  materially  modified.  Hence  it  is 
important  to  have  a  clear  conception  of  the 
various  parts  of  the  trace. 

The  elucidation  of  the  various  parts  of  the 
cardiogram  is  only  possible  after  careful  study 
of  the  other  changes  in  the  heart  during  the 
cycle. 

6.  Changes  in  the  Intracardiac  Pressure.— 
These  can  be  studied  only  in  the  lower  animals. 
The  most  common  way  of  determining  the 


again  flows  in  from  the  great  veins  and 
the  pressure  falls,  again  to  rise  as  the 
auricles  and  veins  are  both  filled  up,  towards 
the  end  of  the  pause. 

B.  Pressure  in  the  Auricles  (dash  line  in  Fig. 
124). — At  the  moment  of  auricular  contraction 
there  is  a  marked  rise  in  the  intra-auricular 
pressure.  When  the  auricular  systole  stops, 
the  pressure  falls  rapidly,  i-eaching  its  lowest 
level  when  the  ventricles  are  throwing  their 
blood  into  the  arteries.  From  this  point  the 
pressure  in  the  aui'icles  rises  until  the  moment 
when  the  ventricles  relax,  when  another  fall  in 
the  pressure  is  observed.  The  pressure  remains 
about  constant  from  this  point  until  the  next 
auricular  contraction. 

C.  Pressure  in  the  Ventricles  (continuous  line 
in  Fig.  124).— The  intra-ventricular  pressure 
suddenly  rises  at  the  moment  of  ventricular 
systole  to  reach  its  maximum.  From  this  it 
falls,  but  the  fall  is  gradual,  and  is  interrupted 
by  a  more  or  less  well-marked  period  during 
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which  the  pressure  remains  constant.  As  the 
ventricles  relax  the  pressure  suddenly  falls  to 
below  zero,  and  then  rises  to  a  little  above  zero, 
at  which  it  is  maintained  until  the  next  ven- 
tricular systole.  The  diastolic  expansion  of  the 
ventricle  is  in  part  due  to  the  elasticity  of  the 
muscular  wall,  and  in  part  to  the  filling  of  the 
coronary  arteries  which  takes  place  only  as  the 
muscular  fibres  relax. 


this  the  fall  is  continuous  till  the  next  systolic 
elevation. 

In  the  dog  the  extent  of  variation  of  the 
pressure  in  auricles  and  ventricles  is  roughly  as 
follows— measured  in  millimetres  of  mercury — 


Left 
Ventricle. 


Maximum 
Minimum 


A  s. 


V.  s. 


A  S, 


rLOW  of  BLOOD 
/rom 

1.  Great  Veins  to  Auricles. 


2.  Auricles  to  Ventricles. 


3.  Ventricles  to  Arteries 


CLOSURE  or 

1.  Auriculo-Ventricular  Valve 


2.  Semilunai-  Valves 
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Fig.  124.— Diagram  to  show  the  relationship  of  the  events  in  the  cardiac  cycle  to  one 
another.    A.S.,  Auricular  systole;  V.S.,  ventricular  systole  ;  P.,  pause. 

D.  Pressure  in  the  Arteries  (dot-dash  line  in 
Fig.  124). — The  aortic  pressure  is  high  through- 
out. There  is  a  sudden  rise  as  the  blood  rushes 
out  of  the  ventricles.  The  pressure  then  falls, 
but  the  fall  is  not  steady.  Often  it  is  inter- 
rupted by  a  more  or  less  marked  increase  cor- 
responding to  the  later  part  of  the  ventricular 
contraction.  At  the  moment  of  ventricular 
diastole,  the  fall  is  very  sharp  and  is  interrupted 
by  a  well-marked  and  sharp  rise.  Following 

VOL.  VIII 


.  +140 
.     -  30 

These  changes  in  the  pressure  in 
the  different  chambers  are  due — 
\st.  To  the  alternate  systole 
and  diastole  of  the  chambers,  the 
first  raising,  the  second  lowering 
the  pressure  in  the  chambers. 
2nd.  To  the  action  of  the  valves. 
7.  Action  of  the  Valves  of  the 
Heart.  — A.  Auriculo-ventricular 
(Fig.  125). — These  valves  have 
been  already  described  as  funnel- 
like prolongations  of  the  auricles 
into  the  ventricles.  They  are 
firmly  held  down  in  the  ventri- 
cular cavity  by  the  chordae  ten- 
dinese.  When  the  ventricle  con- 
tracts the  papillary  muscles  pull 
the  cusps  of  the  valves  together 
and  thus  occlude  the  opening 
between  auricles  and  ventricles. 
The  cusps  are  further  pressed 
face  to  face  by  the  increasing 
pressure  in  the  ventricles,  and 
they  may  become  convex  towards 
the  auricles.  They  thus  form  a 
central  core  around  and  upon 
which  the  ventricles  contract. 

On  the  left  side  of  the  heart 
the  strong  anterior  cusp  of  the 
mitral  valve  does  not  materially 
shift  its  position.  It  may  be 
somewhat  pulled  backwards  and 
to  the  left.  The  posterior  cusp 
is  pulled  forwards  against  the 
anterior. 

On  the  right  side  the  infun- 
dibular  cusp  of  the  tricuspid 
valve  is  stretched  between  the 
superior  and  inferior  papillary 
muscles,  and  is  thus  pulled  to- 
wards the  bulging  septum,  against 
which  it  is  pressed  by  the  in- 
creasing pressure  inside  the  ven- 
tricles.   The  posterior  cusp  has 
its  anterior  margin  pulled  forward  and  its  pos- 
terior margin   backwards,  and   is   thus  also 
pulled  toward  the  septum.    The  septal  cusp 
remains  against  the  septum.    The  greater  the 
pressure  in  the  ventricle,  the  more  firmly  are 
these  cusps  pressed  against  one  another  and 
against  the  septum,  and  the  more  completely 
is  the  orifice  between  the  auricle  and  the  ven- 
tricle closed.    On  the  right  side  of  the  heart 
other  factors  play  an  important  part  in  occlud- 
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ing  the  orifice ;  the  muscular  fibres  which 
siirround  the  auriculo-^s'entricular  opening  con- 
tract, while  the  papillary  muscles  pull  the 
auriculo-ventriciilar  ring  downwards  and  inwards 
through  the  chordje  which  are  inserted  into  it. 

Nevertheless  the  occlusion  of  this  orifice  is 
apt  to  be  iiacomplete  when  the  right  side  of  the 
heart  becomes  in  the  least  over-distended,  giving 
rise  to  a  safety-valve  action  from  the  right 
ventricle. 

The  auriculo  -  ventricular   valves  are 


Fig.  125. — State  of  the  various  parts  of  the  heart  throughout  the  cardiac  cycle.  1,  Auricular 
systole  ;  2,  beginning  of  ventricular  systole  (latent  period) ;  3,  pei'iod  of  outflow  from 
the  ventricle  ;  4,  period  of  residual  contraction  ;  5,  beginning  of  ventricular  diastole. 

during  the  whole  of  the  cardiac  cycle,  except 
during  the  ventricular  systole  (Fig.  124). 

B.  Semilunar  Valves. — Before  the  ventricles 
contract  these  valves  are  closed  and  the  various 
segments  pressed  together  by  the  high  pressure 
of^blood  in  the  aorta. 

As  the  ventricles  contract  the  pressure  in 
them  rises,  until  the  intra-ventricular  pressure 
becomes  greater  than  the  pressure  in  the 
arteries.  Instantly  the  cusps  of  the  valves 
are  thrown  back,  and  remain  thus  until  the 
blood  is  expelled.  When  the  outflow  of  blood 
is  completed,  the  cusps  are  again  approximated 
by  the  pressure  of  blood  in  the  arteries.  As 
relaxation  of  the  ventricles  occurs,  the  intra- 
ventricular pressure  becomes  suddenly  very 
low,  and  the  high  pressure  of  the  blood  in  the 
arteries  at  once  falls  upon  the  upper  surfaces 
of  the  cusps,  which  are  thus  forced  downwards 
and  together,  and  thus  completely  prevent  any 
back-flow  of  blood. 

The  prejudicial  effect  of  too  great  pressure 
upon  these  cusps  is  obviated  by  the  lower  cusp 
being  mounted  on  the  top  of  the  muscular 
septum  upon  which  the  pressure  falls — the  other 
cusps  shutting  down  upon  this  one  (Fig.  118). 

The  Flow  of  Blood  through  the  Heart. — 
The  circulation  of  blood  through  the  heart 
depends  upon  these  differences  of  pressure  in 
the  different  chambers  and  upon  the  action  of 
the  valves. 

A  fluid  always  flows  from  a  point  of  high 
pressure  to  a  point  of  lower  pressure.  We  may 
then  consider  the  flow  — 

A.  From  Great  Veins  into  Auricles.  —  This 
occurs  when  the  pressure  in  the  great  veins 
is  greater  than  the  pressure  in  the  auricles 
(Fig.  124). 

The  pressure  in  the  auricles  is  lowest  at  the 
moment  of  their  diastole.  At  this  time  there 
is  therefore  a  great  flow  of  blood  into  them. 


but  gradually  this  becomes  less  and  less,  until, 
when  the  ventricles  dilate,  another  fall  in  the 
auricular  pressure  takes  place  and  another  rush 
of  blood  from  the  great  veins  occurs.  Gradu- 
ally this  diminishes,  and  by  the  time  that  the 
auricles  contract  the  flow  from  the  great  veins 
has  stopped. 

The  contraction  of  the  mouths  of  the  great 
veins,  which  precedes  the  auricular  systole, 
drives  blood  from  the  veins  into  the  auricles, 
and,  as  these  enter  into  contraction,  no  flow 
from  the  veins  can  occur  and 
no  back-flow  from  the  auricles 
is  possible  (Fig.  124). 

B.  From  Auricles  to  Ven- 
tricles. —  As  the  ventricles 
dilate,  a  very  low  pressure 
develops  in  them,  and  hence 
a  great  rush  of  blood  occurs 
from  the  auricles.  During 
the  passive  stage  of  ventri- 
cular diastole,  the  intra-ven- 
tricular pressure  becomes  nearly  the  same  as  the 
auricular,  and  the  flow  diminishes  or  may  stop. 
When  the  auricles  contract  a  higher  pressure 
is  developed,  and  a  fresh  flow  of  blood  occurs 
into  the  ventricles.    When  the  ventricles  con- 
tract the  auriculo-ventricular  valves  are  closed, 
and  all  flow  of  blood  from  the  auricles  is  stopped 
(Fig.  124). 

C.  From  Ventricles  to  Arteries. — When  the 
ventricles  begin  to  contract  the  intra-ventricular 
pressure  is  low,  while  the  pressure  in  the 
arteries  is  high  and  keeps  the  semilunar  valves 
shut.  As  ventricular  systole  goes  on  the  intra- 
ventricular pressure  rises,  until  after  about  0-03 
of  a  second  it  becomes  higher  than  the  arterial 
pressure  (Late7it  Period).  Immediately  the 
semilunar  valves  are  forced  open  and  a  rush  of 
blood  occurs  from  the  ventricles  (Period  of 
Overjloiv).  This  usually  lasts  less  than  0-2 
second.  If  the  ventricles  are  acting  powerfully, 
and  if  the  pressure  in  the  arteries  does  not  offer  a 
great  resistance  to  the  entrance  of  blood,  the  ven- 
tricles rapidly  empty  themselves  into  the  arteries, 
and  the  intra-ventricular  pressure  varies  as 
shown  in  Fig.  132,  p.  27.  If  the  heart,  how- 
ever, is  not  acting  forcibly,  or  if  the  arterial 
pressure  offers  a  great  resistance  to  the  entrance 
of  blood,  then  the  outflow  is  slow  and  more  con- 
tinued,  and  in  this  case  the  ti'ace  of  the  intra- 
ventricular pressure  is  like  Fig.  132,  a,  with 
a  well-marked  Period  of  Residual  Contraction. 
It  is  not  so  much  the  absolute  force  of  the 
cardiac  contraction  or  the  absolute  intra-arterial 
pressure  which  governs  this,  as  the  relationship 
of  the  one  to  the  other.  The  heart  may  not  be 
acting  very  forcibly,  but  still  if  the  pressure  in 
the  arteries  is  low  its  action  may  be  relatively 
strong. 

The  Coronary  Arteries,  unlike  all  the  other 
arteries,  are  filled  during  ventricular  diastole. 
During  systole  they  are  compressed  by  the 
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contracting  muscle  of  the  heart,  and  it  is  only 
when  the  compression  is  removed  in  diastole 
that  blood  rushes  into  them.  This  helps  to 
dilate  the  ventricles. 

The  interpretation  of  the  various  details  of 
the  cardiogram  is  now  rendered  more  easy. 
The  ventricles,  still  full  of  blood,  are  suddenly 
pressed  against  the  chest  wall  in  systole.  As 
the  blood  escapes  into  the  arteries  they  press 
with  less  force,  and  hence  the  sudden  slight 
downstroke  (Fig.  123,  h  to  c).  But,  so  long  as 
the  ventricles  are  contracted,  the  apex  is  kept 
tilted  forward,  and  hence  the  horizontal  plateau 
is  maintained  (c  to  d).  The  pressure  of  the 
apex  disappears  as  the  ventricles  relax  (e). 

Sounds  of  the  Heart. — On  listening  in  the 
region  of  the  heart,  a  pair  of  sounds  may  be 
heard  with  each  cardiac  cycle,  followed  by  a 
somewhat  prolonged  silence.  These  are  known 
respectively  as  the  First  and  Second  Sounds 
of  the  Heart  (Fig.  124). 

By  placing  a  finger  on  the  cardiac  impulse 
while  listening  to  these  sounds  it  is  easy  to 
determine  that  the  iirst  sound  occurs  synchro- 
nously with  the  cardiac  impulse — i.e.  synchro- 
nously with  the  ventricular  contraction. 

It  develops  suddenly,  and  dies  away  more 
slowly.  In  character  it  is  dull  and  rumbling, 
and  may  be  imitated  by  pronouncing  the 
syllable  liib.  In  pitch  it  is  lower  than  the 
second  sound. 

The  second  sound  is  heard  at  the  moment  of 
venti-icular  diastole.  Its  exact  time  in  the 
cardiac  cycle  has  been  determined  by  recording 
it  on  the  cardiac  tracing  by  means  of  a  micro- 
phone. It  develops  suddenly  and  dies  away 
suddenly.  It  is  a  clearer,  sharper,  and  higher- 
pitched  sound  than  the  first.  It  may  be 
imitated  by  pronouncing  the  syllable  dupp. 

According  to  the  part  of  the  chest  upon 
which  the  ear  is  placed,  these  sounds  vary  in 
intensity.  Over  the  apical  region  the  first  sound 
is  louder  and  more  accentuated ;  over  the  base 
the  second  sound  is  more  distinctly  heard. 

The  Cause  of  the  Second  Sound  is  simple. 
At  the  moment  of  ventricular  diastole,  when 
this  sound  develops,  the  only  occurrence  which 
is  capable  of  producing  a  sound  is  the  sudden 
stretching  of  the  semilunar  valves  by  the  high 
arterial  pressure  above  them  and  the  low  intra- 
ventricular pressure  below  them.  The  high 
arterial  pressure  comes  on  them  suddenly  like 
the  blow  of  a  drum-stick  on  a  drum-head,  and, 
by  setting  the  valves  in  vibration,  produces 
the  sound. 

Aortic  and  Pulmonary  Areas. — The  second 
sound  has  thus  a  dual  origin — from  the  aortic 
valve  and  from  the  pulmonary  valve ;  and  it 
is  possible  by  listening  in  suitable  positions  to 
distinguish  the  character  of  each  of  these. 

The  aortic  valve  is  placed  behind  the  sternum 
at  the  level  of  the  lower  border  of  the  third 
costal  cartilage.     But  it  is  deeply  situated. 


The  aorta,  passing  upwards  and  forwards,  lies 
in  close  relationship  to  the  chest  wall  at  the 
junction  of  the  right  side  of  the  sternum  and 
the  right  second  costal  cartilage.  The  sound 
produced  by  the  valve  is  conducted  up  the 
aorta,  and  may  be  heard  best  in  this  "  aortic 
area." 

On  the  other  hand,  the  pulmonary  valve 
lies  in  close  relationship  to  the  anterior  chest 
wall — being  covered  only  by  the  anterior  border 
of  the  left  lung — close  to  the  edge  of  the 
sternum  in  the  second  left  interspace.  The 
pulmonary  element  of  the  second  sound  may 
best  be  heard  here. 

The  Cause  of  the  First  Soimd  is  by  no  means 
so  simple.  When  it  is  heard,  two  changes  are 
taking  place  in  the  heart,  either  of  which  would 
produce  a  sound. 

\st.  The  muscular  wall  of  the  ventricles  is 
contracting. 

2nd.  The  stretching  of  the  auriculo-ventricular 
valves, 

\st.  That  the  first  factor  plays  an  important 
part  in  the  production  of  the  first  sound  is 
proved  by  rapidly  cutting  out  the  heart  of  an 
animal,  and  while  it  is  still  beating — but  with- 
out any  blood  passing  through  it  to  stretch 
the  valves  —  listening  to  the  organ  with  a 
stethoscope.  With  each  beat  the  lub  sound 
is  distinctly  heard. 

Apparently  the  wave  of  contraction,  passing 
along  the  muscular  fibres  of  the  heart,  sets  up 
vibrations,  and  when  these  are  conducted  to 
the  ear  the  external  meatus  picks  out  the 
vibration  corresponding  to  its  fundamental  note, 
and  thus  produces  the  characters  of  the  sound. 

27id.  The  auriculo-ventricular  valves  are 
being  closed  and  subjected  on  the  one  side  to 
the  high  ventricular  pressure  and  on  the  other 
to  the  low  auricular  pressure.  If  the  valves 
be  destroyed  or  diseased  the  characters  of  the 
first  sound  are  materially  altered,  or  the  sound 
may  be  entirely  masked  by  a  continuous 
musical  sound — a  murmur.  Again,  it  has  been 
maintained  that  a  trained  ear  can  pick  out  in 
the  first  sound  the  note  corresponding  to  the 
valvular  vibration. 

The  idea  that  the  impulse  of  the  heart  against 
the  chest  wall  plays  a  part  in  the  production 
of  this  sound  is  based  upon  the  fallacious  idea 
that  the  heart  "  hits  "  the  chest  wall.  All  that 
it  does  is  to  press  more  firmly  against  it. 

Mitral  and  Tricuspid  Areas. — On  account  of 
the  part  played  by  the  valves  in  the  production 
of  the  first  sound,  it  may  be  considered  to  be 
double  in  nature — partly  due  to  the  mitral 
valve,  partly  to  the  tricuspid.  The  mitral 
valve  element  may  best  be  heard  not  over  the 
area  of  the  mitral  valve — which  lies  very  deep 
in  the  thorax — but  over  the  apex  of  the  heart, 
as  at  this  situation  the  left  ventricle,  in  which 
the  valve  lies,  comes  nearest  to  the  thoracic 
wall  and  conducts  the  sound  thither.  The 
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tricuspid  element  may  be  best  heard  over  the 
area  of  the  valve,  and  in  listening  to  it  it  is 
usual  to  go  to  the  right  extremity  of  the  area 
in  order,  as  far  as  possible,  to  eliminate  the 
mitral  sound.  The  best  situation  to  select 
is  at  the  junction  of  the  fifth  right  costal 
cartilage  with  the  sternum. 

Cardiac  Murnmrs.  —  When  the  valves  are 
diseased  and  fail  to  act  properly,  certain  con- 
tinuous sounds  called  cardiac  murmurs  are  heard. 

These  owe  their  origin  to  the  fact  that,  while 
a  current  of  fluid  passing  along  a  tube  of  fairly 
uniform  calibre  is  not  thrown  into  vibrations 
and  therefore  produces  no  sound,  when  any 
marked  alterations  in  the  lumen  of  the  tube 
occurs — either  a  sudden  narrowing  or  a  sudden 
expansion — the  flow  of  fluid  becomes  vibratory, 
and,  setting  up  vibrations  in  the  solid  tissues, 
produces  a  musical  sound. 

Such  changes  in  the  calibre  of  the  heart  are 
produced  in  two  ways  : — 

\st.  By  a  narrowing,  either  absolute  or 
relative,  of  the  orifices  between  the  cavities — 
stenosis. 

2nd.  By  a  non-closure  of  the  valves  — 
incompetence. 

Stenosis. — -If  one  of  the  auriciUo-ventricular 
orifices  is  narrowed,  a  murmur  is  heard  during 
the  period  at  which  blood  normally  flows  through 
this  opening.  A  reference  to  Fig.  124  at  once 
shows  that  this  occurs  during  the  whole  of 
ventricular  diastole,  and  that  the  flow  is  most 
powerful  during  the  first  period  of  ventricular 
diastole  and  during  auricular  systole. 

If  the  aortic  or  the  pulmonary  valve  is 
narrowed  the  murmur  will  be  heard  (Fig.  124) 
during  ventricular  systole. 

The  narrowing  need  not  be  absolute.  A 
dilatation  of  the  artery  will  make  the  orifice 
relatively  narrow,  and  will  produce  the  same 
result. 

Incompetence.  —  If  the  auriculo  -  ventricular 
valves  fail  to  close  properly,  then,  during  ven- 
tricular systole,  blood  will  he  driven  back  into 
the  auricles,  and  a  murmur  will  be  heard  during 
this  period. 

If  the  aortic  or  pulmonary  valve  fails  to  close, 
the  blood  will  regurgitate  into  the  ventricle 
from  the  arteries  during  ventricular  diastole, 
and  a  murmur  will  be  heard  during  this  period. 

By  the  position  at  which  these  murmurs  are 
best  heard  the  pathological  condition  producing 
them  may  be  determined. 

Work  op  the  Heart. — The  heart  in  pumping 
blood  through  it  is  doing  work,  and  the  amount 
of  work  may  be  expressed  in  work  units — e.g. 
kilogrammetres  (see  vol.  vii.  p.  511).  With  each 
beat  something  under  80  grms.  of  blood  are 
thrown  from  each  ventricle  into  the  aorta  and  pul- 
monary artery.  Thus  the  weight  lifted  is  about 
0"08  kilos.  The  output  of  blood  at  each  beat  of 
the  heart  of  the  dog  may  be  measured  by  Roy's 
cardiometer,  a  rigid-walled  air-tight  case,  which 


is  placed  round  the  heart  and  connected  with 
a  piston-recorder,  so  that  the  decrease  in  the 
volume  of  the  enclosed  heart  due  to  the  blood 
leaving  it  may  be  directly  recorded  by  means 
of  a  lever  attached  to  the  piston  (Fig.  126). 

The  average  resistance  in  the  aorta  may  be 
taken  at  about  1*5  metres  of  blood.  Hence, 
with  each  beat,  the  left  ventricle  may  perform 
0-08  X  1-5  =  0-12  kgms.  of  work.     The  right 


Fig.  126.— Roy's  cardiometer  to  measure  the  output  of  blood 
from  the  heart.  6,  Heart  in  cardiometer  chamber ;  c,  piston 
recorder  worlcing  on  lever  against  rubber  band,  d. 

ventricle  is  only  one-third  as  strong  as  the  left, 
and  hence  the  work  done  by  each  beat  is  only 
0"04  kgms. 

If  the  heart  is  beating  seventy-two  times  per 
minute,  the  amount  of  work  will  be  something 
under  11-5  kgms.  per  minute,  or  16,560  kgms. 
in  twenty-four  hours.  Some  investigators  esti- 
mate it  as  low  as  10,000  kgms. 

Nature  of  Cardiac  Contraction. — The  con- 
traction of  the  ventricle  lasts  for  a  considerable 
period — 0'3  seconds.  Is  it  of  the  nature  of  a 
single  contraction,  or  of  a  tetanus  ? 

It  is  impossible  to  tetanise  heart  muscle, 
even  by  rapidly  repeated  induction  shocks.  A 
single  stimulus  applied  to  heart  muscle  produces 
a  single  prolonged  contraction.  Again,  the 
mode  of  development  of  the  currents  of  action 
does  not  indicate  anything  of  the  nature  of  a 
tetanus.  With  each  beat  of  the  ventricles  the 
variation  in  the  electric  potential  begins  at  the 
base  and  travels  rapidly  to  the  apex.  This 
passage  of  the  contraction  wave  along  the  fibres 
explains  the  great  length  of  the  ventricular 
systole  as  a  whole.  There  can  be  no  doubt  that 
each  contraction  of  heart  muscle  is  of  the  nature 
of  a  muscle  twitch.  In  this  respect  heart 
muscle  resembles  non-striped  muscle  [see  vol.  vii. 
p.  515). 

It  further  resembles  it  in  that  the  minimum 
stimulus  is  also  a  maximum  stimulus — i.e.  the 
smallest  stimulus  which  will  make  the  muscle 
contract  makes  it  contract  to  the  utmost.  But 


PHYSIOLOGY— NUTRITION  OF  THE  TISSUES 


21 


while  this  is  the  case  the  strength  of  stimulus 
necessary  to  call  forth  a  contraction  varies  at 
different  periods.  To  produce  another  contrac- 
tion while  the  muscle  is  already  in  the  period 
of  contraction  is  difficult,  but  as  it  relaxes  it 
reacts  more  and  more  readily  to  stimuli.  In 
cardiac  muscle,  perhaps  more  than  in  any  other, 
the  staircase  increase  in  the  extent  of  contrac- 
tion with  a  series  of  stimuli  is  manifested. 

In  cardiac  muscle  the  [p-eater  the  resistaiice  to 
contraction  the  stronger  the  force  of  contraction. 
Hence  when  extra  blood  is  poured  into  the 
heart  from  the  veins,  or  when  the  outflow  from 
the  ventricles  into  the  arteries  is  impeded,  the 
increased  strain  put  upon  the  heart  muscle  is 
met  by  increased  contraction,  and  the  additional 
work  thrown  upon  the  organ  is  effectually  per- 
formed. Not  only  is  this  the  case  when  tem- 
porary disturbances  of  the  circulation  occur,  but 
when  these  disturbances  are  permanent,  the 
heart  adapts  itself  to  them,  and,  if  it  has 
continuously  to  perform  extra  work,  its  mus- 
cular wall  hypertrophies,  just  as  the  skeletal 
muscles  grow  by  continual  use.  Of  course,  to 
allow  such  compensation  to  be  established,  the 
blood  supply  to  the  heart  muscle  must  be 
sufficient,  and  hence,  when  the  coronary  arteries 
are  diseased,  heart  failure  rapidly  ensues. 

If  the  coronary  arteries  are  clamped  and  then 
relaxed,  a  peculiar  fibrillar  contraction  of  the 
heart  muscle  occurs. 

The  maintenance  of  this  rhythmic  contraction 
and  relaxation  seems  to  depend  greatly  upon 
the  presence  of  certain  kations  in  the  circulating 
blood.  A  due  admixture  of  salts  of  sodium, 
potassium,  and  calcium  is  essential.  For  the 
frog's  heart  Ringer  finds  that  the  proportions 
which  give  the  best  results  are — 

NaCl       .       .       .       0-70  per  cent. 
KCl        ...       0-03  „ 
CaCl        .       .       .       0-025  „ 

Since  an  excess  of  calcium  salts  leads  to  tonic 
contraction,  and  since  an  excess  of  sodium  or  of 
potassium  leads  to  relaxation,  it  has  been  con- 
cluded that  these  two  phases  are  determined  by 
the  presence  of  these  ions. 

How  IS  THE  Rhythmic  Contraction  op  the 
Heart  maintained  1— The  mechanism  is  in  the 
heart  itself ,iov  the  excised  heart  continues  to  beat. 

In  considering  what  this  mechanism  is,  it 
must  be  borne  in  mind  that  two  distinct 
questions  have  to  be  investigated. 

\st.  How  does  the  contraction,  once  started, 
pass  in  regular  sequence  from  one  part  of  the 
heart  to  the  other  1 

•2nd.  What  starts  each  rhythmic  contraction  1 

\st.  Propagation  of  the  Wave  of  Contraction. 
— In  the  heart  of  many  of  the  lower  animals, 
and  in  the  embryo  of  mammals,  no  nervous 
structures  are  to  be  found,  and  the  rhythmic 
contraction  is  manifestly  simply  a  function  of 
the  muscular  fibres. 


Even  in  the  heart  of  animals  with  well-marked 
nerve  cells  in  the  walls  of  the  heart,  and  with 
nerve  fibres  coursing  among  the  muscular  fibres, 
the  conduction  of  the  contraction  is  purely  a 
function  of  the  muscles.  For  if  the  heart  of  a 
frog  be  cut  across  and  across,  so  that  all  nerve 
fibres  are  severed,  the  contraction  passes  along 
it.  The  rate  at  which  the  contraction  travels 
is  slow,  only  about  10  to  15  centimetres  per 
second. 

Since  in  the  mammalian  heart  muscular  con- 
tinuity between  auricles  and  ventricles  through 
the  band  of  His  is  of  small  extent,  the  wave  of 
contraction  is  delayed  at  this  point,  and  in  the 
dying  heart,  and  in  various  pathological  condi- 
tions, the  contraction  frequently  fails  altogether 
to  pass  this  block,  and  thus  the  ventricles  either 
stop  beating  before  the  auricles,  or  respond  to 
every  second  or  third  auricular  contraction. 

2nd.  Starting  Mechanism  of  Contraction.  —  In 
the  early  foetal  heart  no  nerve  structures  have 
been  found,  yet  it  beats  regularly  and  rhythmi- 
cally. In  the  apex  of  the  ventricle  of  the  frog 
there  are  no  nerve  structures,  yet,  if  the  apex 
be  cut  off  and  repeatedly  stimulated  at  regular 
intervals  with  galvanic  making  and  breaking 
stimuli,  it  will,  after  a  time,  begin  to  contract 
spontaneously,  regularly  and  rhythmically.  Not 
only  so,  but  if  the  apex  be  tied  on  to  a  tube,  and 
a  stream  of  blood  passed  through  it,  it  will  again 
start  contracting  regularly  and  rhythmically. 

These  experiments  clearly  show  that  regular 
rhythmic  contraction  is  a  function  of  cardiac 
muscle. 

In  the  cardiac  cycle  in  the  frog  each  contrac- 
tion starts  in  the  sinus.  What  part  does  the 
sinus  take  in  initiating  contraction  1 

If  a  ligature  be  tightly  applied  between  the 
sinus  and  auricles  in  the  frog  {Stannius'  Experi- 
ment), the  sinus  continues  to  beat,  and  the 
auricles  and  ventricle  usualli/  stop  beating  for  a 
longer  or  shorter  period.  But  ultimately  they 
begin  to  beat  again.  Hence  it  would  seem  that 
it  is  not  any  special  mechanism  in  the  sinus 
which  is  essential  in  starting  cardiac  contrac- 
tion. A  ligature  subsequently  applied  between 
auricles  and  ventricle  sometimes  starts  the  ven- 
tricle, sometimes  the  auricles,  sometimes  neither. 
Hence  we  see  that  any  part  of  the  heart  has  the 
power  of  originating  rhythmical  contractions, 
although  usually  the  sinus  initiates  it.  The 
sinus  more  than  any  other  part  of  the  heart  has 
the  property  of  rhythmic  contraction. 

We  have  no  evidence  that  the  nerve  cells  in 
the  sinus  or  elsewhere  have  anything  to  do  with 
this ;  and,  so  far  as  we  at  present  know,  the 
initiation  as  well  as  the  propagation  of  the 
cardiac  contraction  is  a  function  of  the  muscular 
fibres. 

^rd.  Intra-cardiac  Nervous  Mechanism.  —  In 
the  frog's  heart  nervous  structures  exist,  and 
are  distributed  as  follows  (Fig.  127) : — 

\st.  In  the  wall  of  the  sinus  venosus  there 
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is  a  plexus  of  nerve  cells  and  nerve  fibres  con- 
stituting the  ganglion  of  the  sinus  (Remak's 
ganglion). 

2nc?.  In  the  inter-auricular  septum  a  similar 
plexus  constitutes  the  ganglion  of  the  auricular 
septum. 

37-d.  In  the  auriculo-ventricular  groove  a 
plexus  forms  the  auriculo-ventricular  ganglion 
(Bidder's  ganglion).  With  these  intra-cardiac 
ganglia  the  terminations  of  the  nerves  to  the 
heart  form  definite  synapses. 

Nerve  cells  exist  in  the  mammalian  heart,  but 
there  is  not  the  same  differentiation  into  distinct 
groups.  Nevertheless  they  are  abundant  round 
the  mouths  of  the  great  veins,  round  the  edges 
of  the  inter-auricular  septum,  and  round  the 
auriculo-ventricular  groove. 

While  there  is  no  evidence  that  the  nervous 
structures  play  an  important  part  in  starting  or 
keeping  up  the  contractions,  there  is  evidence 


Fig.  127. — Scheme  of  the  various  chambers  of  the  frog's  heart  and  of  the 
distribution  of  the  Intra-cardiac  nervous  mechanism. 


that  they  exercise  a  checking  or  controlling- 
action. 

If  the  region  between  the  sinus  and  auricles 
in  the  frog's  heart  is  stimulated  by  the  inter- 
rupted current  from  an  induction  coil,  the  heart 
is  slowed  or  stopped. 

If  atropine  be  first  applied  electric  stimulation 
is  without  result. 

These  experiments  seem  to  indicate  that  there 
is  in  the  heart  a  checMng  mechani&m  which  may 
he  stimulated  by  electricity,  and  ivhich  is  paralysed 
hy  atropine. 

4:th.  Connections  of  the  Heart  with  the  Central 
Nervous  System. — In  the  frog  a  branch  from  the 
vagus  connects  the  central  nervous  system  with 
the  heart.  When  the  branch  is  cut  no  eff'ect  is 
produced,  showing  that  it  is  not  constantly  in 
action ;  but  when  the  lower  end  is  stimulated, 
the  heart  is  generally  slowed  or  brought  to  a 
standstill.  Sometimes  the  effect  is  not  marked. 
The  reason  for  this  is  that  the  cardiac  bi'anch  of 
the  vagus  in  the  frog  is  really  a  double  nerve 
derived  in  part  from  the  spinal  accessory  and  in 
part  from  fibres  which  reach  the  vagus  from  the 


superior  thoracic  sympathetic  ganglion.  If  the 
spinal  accessory  is  stimulated,  the  heart  is 
always  slowed ;  and  if  the  sympathetic  fibres 
are  stimulated,  it  is  qiiickened.  Generally 
stimulation  of  the  cardiac  branch  containing 
these  two  sets  of  fibres  simply  gives  the  result 
of  stimulating  the  former,  but  sometimes  the 
stimulation  of  the  latter  masks  this  effect. 

In  the  mammal  three  sets  of  nerve  fibres  pass 
to  the  heart : — 

\st.  The  superior  cardiac  branch  of  the  vagus 
starts  from  near  the  origin  of  the  superior 
laryngeal  nerve,  and  passes  to  the  heart  to  end 
in  the  endocardium  (Fig.  128,  S.C.). 

2nd.  The  inferior  cardiac  branch  of  the  vagus 
leaves  the  main  nerve  near  the  recurrent  laryn- 
geal, and  passes  to  join  the  superficial  cardiac 
plexus  in  the  heart  (Fig.  128,  I.C.). 

drd.  The  sympathetic  nerve  fibres  come  from 
the  superior  thoracic  and  inferior  cervical  gan- 
glia, and  also  end  in  the  superficial 
cardiac  plexus  (Fig.  128,  S.). 

Functions  of  the  Cardiac  Nerves. — 
A.  The  Superior  Cardiac  Branch  of  the 
Vagus  is  an  ingoing  nerve.  Section 
produces  no  effect ;  stimulation  of  the 
lower  end  causes  no  eff'ect ;  stimulation 
of  the  upper  end  causes  slowing  of  the 
heart  and  a  marked  fall  in  the  pressure 
of  blood  in  the  arteries,  and  it  may 
cause  pain.  The  slowing  of  the  heart  is  a 
reflex  effect  through  the  inferior  cardiac 
branch  ;  and  the  fall  of  blood  pressure, 
which  is  the  most  manifest  effect,  is  due 
to  a  reflex  dilatation  of  the  vessels  of 
the  abdomen,  causing  the  blood  to  ac- 
cumulate there,  and  thus  to  lessen  the 
pressure  in  the  arteries  generally.  On 
account  of  its  effect  on  the  blood  pres- 
sure, this  nerve  is  called  the  depi-essor  nei-ve. 

B.  Inferior  Cardiac  Branch  of  Vagus. — Sec- 
tion of  the  vagus  or  of  this  branch  causes  ac- 
celeration of  the  action  of  the  heart.  The  nerve 
is  therefore  constantly  in  action.  Stimulation 
of  its  central  end  has  no  effect ;  stimulation  of 
its  peripheral  end  causes  a  slowing  or  stoppage 
of  the  heart.  It  is  therefore  the  checking  or 
inhibitory  nerve  of  the  heart. 

1.  Course  of  the  Fibres. — These  fibres  leave 
the  central  nervous  system  by  the  spinal  ac- 
cessory, and  pass  to  the  heart  to  form  connec- 
tions with  the  cells  of  the  cardiac  plexuses. 

2.  Centre. — The  fibres  arise  from  a  centre  in 
the  medulla  oblongata,  which  can  be  stimulated 
to  increased  activity  either  directly  or  reflexly, 
(1)  Direct  stimulation  is  brought  about  by  (a) 
sudden  antemia  of  the  brain,  as  when  the 
arteries  to  the  head  are  clamped  or  occluded ; 
(6)  increased  venosity  of  the  blood,  as  when 
respiration  is  interfered  with  ;  (c)  the  concurrent 
action  of  the  respiratory  centre  {see  p.  43).  (2) 
Reflex  stimulation  is  produced  through  many 
nerves.    In  the  rabbit  stimulation  of  the  5th 
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cranial  nerve  by  the  inhalation  of  ammonia 
vapours  has  this  action,  and  in  all  animals 
stimulation  of  the  abdominal  nerves  produces 
the  same  effect.  This  reflex  stimulation  of 
the  centre  is  used  to  determine  its  position  in 
the  medulla.    It  can  be  induced  after  removal 


I'lO.  128.— Conuection  of  the  heart  with  the  central  nervous 
system.  Au.,  Auricle;  V.,  ventricle;  V.D.C.,  abdominal 
vaso  -  dilator  centre  ;  C.I.C.,  cardiac  inhibitory  centre  ; 
C.A.C.,  cardio-augmentor  centre;  S.C.,  superior  cardiac 
branch  of  the  vagus;  I.C.,  inferior  cardiac  branch  of  the 
vagus  witli  cell  station  in  the  heart ;  S.,  cardio-sympathetic 
fibres  with  cell  station  in  the  lenticular  ganglion  ;  V.D.Ab., 
vaso-dilator  fibres  to  abdominal  vessels.  The  continuous 
lines  are  outgoing,  the  broken  lines  are  ingoing  nerves. 

of  the  brain  above  the  medulla,  but  destruction 
of  the  medulla  entirely  prevents  it. 

3.  Mode  of  Action. — These  inhibitory  fibres 
appear  to  act  by  stimulating  the  local  inhibitory 
mechanism  in  the  heart ;  and  when  this  has  been 
poisoned  by  atropine,  they  cannot  act.  According 
to  the  observation  of  Gaskell,  they  excite  in  the 
lieart  anabolic  changes,  since  the  electric  current 
of  injury  is  increased  when  they  ai-e  stimulated, 
indicating  that  the  difference  between  the  living 
part  of  the  heart  and  the  injured  part  is  increased 
{see  vol.  vii.  p.  512). 

4.  Result  of  Action.  —  (a)  The  output  of 
blood  from  the  heart  is  diminished,  and  thus 
less  blood  is  forced  into  the  arteries,  and  the 
blood  pressure  falls  (Fig.  134). 


(b)  The  rhythm  of  both  auricles  and  ventricles 
is  slowed,  but  the  effect  on  the  auricles  is  more 
marked  than  upon  the  ventricles,  and  the 
ventricles  may  show  a  contraction  rhythm  in- 
dependent of  that  of  the  auricles  (Fig.  129,  A.). 

(c)  The  force  of  contraction  of  the  auricles 
is  decreased.  In  the  ventricles  the  systole 
becomes  less  complete  and  the  cavities  become 
more  and  more  distended,  either  as  a  result  of 
decrease  in  the  force  of  contraction  or  as  a 
mechanical  result  of  the  accumulation  of  blood 
due  to  the  decreased  output  per  unit  of  time. 
In  the  heart  of  the  tortoise  excitability  and  con- 
ductivity are  decreased,  and  the  auricular  con- 
traction may  fail  to  pass  to  the  ventricles. 

C.  Sympathetic  Fibres. — The  outgoing  fibres 
are  the  augmentors  and  accelerators  of  the 
heart's  action.  When  they  are  cut  the  heart 
may  beat  slower.  When  the  peripheral  end 
is  stimulated,  the  rate  and  force  of  the  heart 
are  increased. 

1.  Course  of  the  Fibres.  —  These  are  small 
meduUated  fibres.  They  leave  the  spinal  coi'd 
by  the  anterior  roots  of  the  2nd,  3rd,  and  4th 
dorsal  nerves,  passing  to  the  stellate  ganglion 
where  they  have  their  cell  stations  (Fig.  128). 
From  the  cells  in  this  ganglion  non-meduUated 
fibres  run  on  in  the  annulus  of  Vieussens,  and 
from  this  and  from  the  inferior  cervical  ganglion 
they  pass  out  to  the  muscular  fibres  of  the  heart. 

2.  The  Centre  is  in  the  medulla,  and  it  may 
be  stimulated  by  stimulating  various  ingoing 
nerves,  such  as  the  sciatic ;  or  it  may  be  set  in 
action  from  the  higher  nerve  centres  in  various 
emotional  conditions. 

3.  Mode  of  Action. — The  fibres  seem  to  act 
{a)  upon  the  muscular  fibres,  increasing  their 
excitability  and  conductivity ;  (b)  upon  the 
inhibitory  mechanism,  throwing  it  out  of  action. 

4.  Result  of  Action. — (a)  The  output  of  blood 
from  the  heart  is  increased,  and  the  pressure 
of  blood  in  the  arteries  is  raised. 

[b)  The  rate  of  the  rhythmic  movements  of 
auricles  and  ventricles  is  increased. 

(c)  The  force  of  contraction  of  auricles  and 
ventricles  is  increased. 

It  is  probable  that  the  cardiac  sympathetic 
also  carries  ingoing  fibres  which  enter  the  cord 
in  the  lower  cervical  region.  The  pain  experi- 
enced in  the  arm  in  heart  disease  is  generally 
thought  to  be  due  to  the  implication  of  these 
fibres  leading  to  the  sensation  which  is  referred  to 
the  corresponding  somatic  nerves  (vol.  vii.  p.  551). 

The  vagus  is  thus  the  protecting  nerve  of 
the  heart,  reducing  its  work  and  diminishing 
the  pressure  in  the  arteries. 

Tlie  sympathetic  is  tlie  whip  which  forces  the 
heart  to  increased  action  in  order  to  keep  up 
the  pressure  in  the  arteries. 

III.  Gi^-culation  in  the  Blood  and  Lymph  Vessels 
The   general   distribution    of    the  various 
vessels — arteries,  capillaries,  veins,  and  lym- 
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phatics — has  been  already  considered  (Fig.  115, 
p.  10). 

Structure. — (The  stricture  of  the  walls  of 
each  must  be  studied  practically.)    The  capil- 


flG.  129. — Simultaneous  tnicitig  fiom  auricles  and  ventricles.  A., 
During  stimulation  of  the  vagus  ;  B.,  during  stimulation  of  the 
sympathetic.  Each  downstroke  marks  a  systole,  each  upstroke 
a  diastole.   (From  Roy  and  Adam.) 


laries  are  minute  tubes  of  about  12  micromilli- 
metres  in  diameter,  forming  an  anastomosing 
network  throughout  the  tissues.  Their  wall 
consists  of  a  single  layer  of  endothelium.  On 
passing  from  the  capillaries  to  arteries  on  the 
one  side,  and  to  veins  and  lymphatics  on  the 
other,  non-striped  muscle  fibres  make  their 
appearance  encircling  the  tube.  Between  these 
fibres  and  the  endothelium  a  fine  elastic  mem- 
brane next  appears,  while  outside  the  muscles 
a  sheath  of  fibrous  tissue  develops.  Thus  the 
three  essential  coats  of  these  vessels  are 
produced  : — 

Tunica  intima,  consisting  of  endothelium  set 
on  the  internal  elastic  membrane. 

Tunica  media,  consisting  chiefly  of  the 
visceral  muscular  fibres. 

Tu7iica  adventitia,  consisting  of  loose  fibrous 
tissue. 

The  coats  of  the  arteries  are  thick  ;  those  of 
the  veins  are  thin.  In  the  large  arteries  the 
muscular  fibres  of  the  media  are  largely  replaced 
by  elastic  fibres,  so  that  the  A'essels  may  better 
stand  the  strain  of  the  charge  of  blood  which  is 
shot  from  the  heart  at  each  contraction.  In 
the  veins,  double  flaps  of  the  tunica  intima  form 


valves  which  prevent  any  regurgitation  of 
blood. 

The  great  characteristic  of  the  walls  of  the 
large  arteries  is  the  toughness  and  elasticity 
given  by  the  abundance  of  elastic  fibrous  tissue  ; 
of  the  small  arteries,  the  contractility  due  to  the 
preponderance  of  muscular  fibres. 

Physiology. — The  circulation  of  blood  in  the 
vessels  is  that  of  a  fluid  in  a  closed  system  of 
elastic-walled  tubes,  at  one  end  of  which  (the 
great  arteries)  a  high  pressure,  and  at  the  other 
(the  great  veins)  a  low  pressure,  is  kept  up. 
As  a  result  of  this  distribution  of  pressure  there 
is  a  constant  flow  of  blood  from  arteries  to 
veins. 

Many  points  in  connection  with  the  circula- 
tion may  be  conveniently  studied  on  a  model 
or  scheme  made  of  indiarubber  tubes  and  a 
Higginson's  syringe. 


A. — Blood  Pressure 
The  distribution  of  pressure  is  the  cause 
of  the  flow  of  blood,  and  must  first  be  con- 
sidered. 

1.  General  Distribution  of  Pressure. — 
That  the  pressure  throughout  the  greater 
part  of  the  blood-vessels  is  positive — greater 
than  the  pressure  of  the  atmosphere — is  indi- 
cated by  the  fact  that  if  a  vessel  is  opened, 
the  blood  flows  out  of  it.  The  force  ivith 
which  blood  escapes  is  a  measure  of  the  pres- 
sure in  that  particular  vessel.  If  an  artery 
be  cut,  the  blood  escapes  with  great  force ; 
if  a  vein  be  cut,  with  much  less  force 
(Fig.  130). 

Arteries. — If  the  pressure  in  the  aorta,  in 
the  radial,  in  the  dorsalis  pedis,  and  in  one 
of  the  smallest  arteries  is  measured,  it  is  found 
that  while  it  is  great  in  the  great  arteries — 
about  160  mm.  Hg  in  the  aorta — it  is  much 


160 


Fig.  130.— Diagram  of  the  distribution  of  mean  blood  pressure 
throughout  the  blood-vessels.  The  arteries;  C,  the 

capillaries;  1'.,  the  veins. 

less  in  the  small  arteries.  This  distribution  of 
arterial  pressure  might  be  plotted  out  as  in 
Fig.  130,  Ar. 

Veijis. — If  the  pressure  in  any  of  the  small 
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veins,  in  a  medium  vein,  and  in  a  large  vein 
near  the  heart,  be  measured,  it  will  be  found — 

1st.  That  the  venous  pressure  is  less  than  the 
lowest  arterial  pressure. 

27id.  That  it  is  highest  in  the  small  veins, 
and  becomes  lower  in  the  larger  veins.  In  the 
great  veins  entering  the  heart  it  is  lower  than 
the  atmospheric  pressure  during  the  first  part 
of  each  ventricular  diastole  (Fig.  130,  V.). 

Capillaries. — The  pressure  in  the  capillaries 
must  obviously  be  intermediate  between  that  in 
the  arteries  and  in  the  veins. 

It  is  not  so  easily  measured,  but  it  may  be 
approximately  arrived  at  by  finding  the  pressure 
which  is  required  to  empty  the  capillaries — e.g. 
to  blanch  a  piece  of  skin. 

The  pressure  in  any  part  of  a  system  of  tubes 
depends  upon  two  factors — 

\st.  The  force  propelling  fluid  into  that  part 
of  the  tubes. 

2nd.  The  resistance  to  the  outflow  of  fluid 
from  that  part  of  the  tubes. 

The  pressure  in  the  arteries  is  high,  because 
with  each  beat  of  the  heart  about  80  grms.  of 
blood  are  thrown  with  the  whole  contractile 
force  of  each  ventricle  into  the  corresponding 
artery ;  and  because  the  resistance  offered  to 
the  outflow  of  blood  from  the  arteries  into  the 
capillaries  and  veins  is  enormous.  For,  as  the 
blood  passes  into  innumerable  small  vessels,  it 
is  subjected  to  greater  and  greater  friction — 
just  as  a  river  in  flowing  from  a  deep  narrow 
channel  on  to  a  broad  shallow  bed  is  subjected 
to  greater  friction. 

Thus  in  the  arteries  the  powerful  propulsive 
force  of  the  heart  and  the  great  resistance  to 
outflow  keep  the  pressure  high. 

When  the  capillaries  are  reached  much  of 
the  force  of  the  heart  has  been  lost  in  dilating 
the  elastic  coats  of  the  arteries,  and  thus  the 
inflow  into  the  capillaries  is  much  weaker  than 
the  inflow  into  the  arteries.  At  the  same  time 
the  resistance  to  outflow  is  small,  for  in  pass- 
ing from  capillaries  to  veins  the  channel  of  the 
blood  is  becoming  less  broken  up,  and  thus 
opposes  less  friction  to  the  inflow  of  the  blood. 

When  the  veins  are  reached  the  propelling 
force  of  the  heart  is  still  further  weakened,  and 
hence  the  force  of  inflow  is  very  small.  But, 
instead  of  there  being  a  resistance  to  outflow 
from  the  veins  into  the  heart,  this  is  favoured 
by  the  suction  action  of  the  heart  during  dia- 
stole, and  also  by  the  fact  that  the  great  veins, 
in  entering  the  heart,  pass  into  the  thorax,  an 
air-tight  box  in  which  during  each  inspiration  a 
very  low  pressure  is  developed. 

What  has  been  said  of  the  veins  applies 
equally  to  the  lymphatics. 

2.  Rhythmic  Variations  in  Blood  Pressurk. 
— Before  considering  the  exact  measurements 
of  pressure  in  these  different  vessels,  certain 
rhythmic  vari'itions  in  pressure  may  first  be 
considered. 


A.  Synchronous  xvith  the  Heart  Beats 

Arterial  Fulse. — With  each  ventricular  systole 
about  80  grms.  of  blood  are  thrown  into  the 
already  full  arteries,  and  the  pressure  in  these 
vessels  is  suddenly  raised. 

If  the  finger  be  placed  on  an  artery,  a  distinct 
expansion  will  be  felt  following  each  systole, 
and  due  to  this  rise  of  pressure.  This  is  the 
arterial  pulse. 

This  expansion  develops  suddenly  and  dis- 
appears more  slowly.  In  some  cases  it  may  be 
felt  by  simply  laying  the  finger  on  the  surface 
of  the  artery  without  exerting  marked  pressure, 
in  other  cases  it  may  be  necessary  to  compress 
the  artery  before  the  pulsation  is  distinctly  felt. 

If  a  vein  be  investigated  in  the  same  way  it 
will  be  found  that  no  such  pulse  can  be  detected. 
In  the  capillaries,  too,  this  pulse  does  not  exist. 

It  is  best  marked  in  the  great  arteries,  and 
becomes  less  and  less  distinct  as  the  small  ter- 
minal arteries  are  i-eached. 

Cause  of  Pulse. — The  arterial  pulse  is  due  to — 

\st.  The  intermittent  inflow  of  blood.  The 
arteries  expand  from  the  sudden  increase  of 
pressure  due  to  each  sudden  flow  of  80  grms.  of 
blood  from  the  heart  into  the  arterial  system. 

2nd.  The  resistance  to  outflow  from  the  arteries 
into  the  capillaries. 

If  blood  could  flow  freely  from  the  arteries 
into  the  capillaries,  then  the  inrush  of  blood 
from  the  heart  would  simply  displace  the  same 
amount  of  blood  into  the  capillaries  and  the 
arteries  would  not  be  expanded.  As  already 
indicated,  the  friction  between  the  walls  of  the 
innumerable  small  arterioles  and  the  blood  is  so 
great  that  the  flow  out  of  the  arteries  is  not  so 
free  as  to  allow  the  blood  to  pass  into  the  capil- 
laries so  rapidly  as  it  is  shot  into  the  arteries. 
Hence,  with  each  beat  of  the  heart,  an  excess  of 
blood  must  accumulate  in  the  arteries. 

^rd.  To  allow  of  their  expanding  to  accom- 
modate this  excess  of  blood  their  walls  must  be 
elastic. 

It  is  upon  these  three  factors  that  the  arterial 
pulse  depends.  Do  away  with  any  of  them,  and 
the  pulse  at  once  disappears. 

Why  is  there  no  Pulse  in  the  Veins  ? — Their 
walls  are  elastic,  but,  in  the  first  place,  instead 
of  there  being  an  obstruction  to  the  outflow  of 
blood  from  the  veins  into  the  heart,  this  is 
favoured  by  the  suction  action  of  the  heart  and 
thorax.  Hence,  even  if  an  intermittent  inflow 
were  well  marked,  the  absence  of  resistance  to 
outflow  would  in  itself  prevent  the  development 
of  a  venous  pulse.  But  the  inflow  is  not  inter- 
mittent. With  each  beat  of  the  heart  the  blood 
does  not  pass  freely  from  the  arteries  into  the 
capillaries  and  veins,  but  it  only  slowly  escapes, 
just  as  rimch  i^assiwi  out  betiveen  the  beats  as 
during  the  heats.  Hence  the  most  important 
factor  in  causing  a  pulse,  an  intermittent  inflow, 
is  absent. 
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"With  no  sudden  intermittent  inflow,  and  with 
no  resistance  to  outflow,  the  development  of  a 
pulse  is  impossible. 

In  certain  abnormal  conditions,  where,  from 
the  extreme  dilatation  of  the  arterioles,  the  in- 
flow into  the  veins  is  very  free,  and  where  the 
outflow  from  the  part  of  the  body  is  not  so  free, 
a  local  venous  pulse  may  develop. 

Characters  of  the  Pulse  Wave. — If  a  finger  be 
placed  on  the  carotid  artery  and  another  upon 
the  radial  artery  it  will  be  felt  that  the  artery 
near  the  heart  expands  (pulses)  before  that 
further  from  the  heart. 

The  pulse  develops  first  in  the  arteries  near 
the  heart  and  passes  outwards  towards  the 
periphery.  The  reason  for  this  is  obvious. 
The  arteries  are  always  overfilled  with  blood. 
The  ventricle  drives  its  contents  into  this  over- 
filled aorta,  and  to  accommodate  this  the  aortic 
wall  expands.  But  since  the  aorta  communicates 
with  the  other  arteries  this  increased  pressure 
passes  outwards  along  them,  expanding  their 
wall  as  it  goes. 

The  pulse  wave  may  thus  be  compared  to  a 
wave  at  sea,  which  is  also  a  wave  of  increased 
pressiire,  the  only  diff'erence  being  that,  while 
the  waves  at  sea  travel  freely  over  the  surface, 
the  pulse  wave  is  confined  in  the  column  of 
blood,  and  manifests  itself  by  expanding  the 
walls  of  the  arteries. 

It  greatly  simplifies  the  study  of  the  pulse  to 
regard  it  in  this  light,  and  to  study  it  just  as 
we  should  study  a  wave  at  sea. 

1.  Velocity. — To  determine  how  fast  a  wave 
is  travelling  we  might  select  two  points  at  a 
known  distance  from  one  another,  and  with  a 
watch  note  how  long  the  wave  takes  to  pass 
from  one  to  the  other.  So  with  the  pulse  wave, 
two  points  on  an  artery  at  a  known  distance 
from  one  another  may  be  taken  and  the  time 
which  the  wave  takes  to  pass  between  them  may 
be  measured. 

It  is  thus  found  that  the  pulse  wave  travels 
at  about  9  or  10  metres  per  second — about 
thirty  times  as  fast  as  the  blood  flows  in  the 
arteries. 

2.  Length  of  the  Wave. — To  determine  this  in 
a  wave  at  sea  is  easy  if  we  know  its  velocity 
and  know  how  long  it  takes  to  pass  any  one 
point.  Suppose  it  is  travelling  at  50  feet  per 
second,  and  that  it  takes  one  second  to  pass  a 
particular  point,  obviously  it  is  .50  feet  in  length. 
The  same  method  may  be  applied  to  the  pulse 
wave.  We  know  its  velocity,  and  by  placing 
the  finger  on  an  artery  we  may  determine  that 
one  wave  follows  another  in  rapid  succession, 
so  that  there  is  no  pause  between  them.  Each 
wave  corresponds  to  a  ventricular  systole,  and 
therefore  each  wave  must  last,  at  any  point,  j  ust 
the  time  between  two  ventricular  systoles — 
jiTst  the  time  of  a  cardiac  cycle.  There  are 
about  70  cycles  per  minute — i.e.  per  60  seconds  ; 
hence  each  must  last  0'88  second.    The  pulse 


wave  takes  0"88  second  to  pass  any  place,  and 
it  travels  at  10  metres  per  second;  its  length 
then  is  8-8  metres,  or  about  yive  times  the  length 
of  the  body.  It  is  then  an  enormously  long 
wave,  and  it  has  disappeared  at  the  periphery 
long  before  it  has  finished  leaving  the  aorta. 

3.  The  Height  of  the  Wave. — The  height  of 
the  pulse  wave,  as  of  a  wave  at  sea,  depends 
primarily  on  the  pressure  causing  it,  but  the 
character  of  the  arterial  wall  modifies  it  very 
largely.  Thus  the  true  height  of  the  pulse 
wave  in  the  great  arteries  near  the  heart  is 
masked  by  the  thickness  of  the  arterial  wall. 

Speaking  generally,  however,  we  may  say 
that  the  pulse  wave  is  highest  near  the  heart, 
and  becomes  lower  and  lower  as  it  passes  out  to 
the  periphery,  where  it  finally  disappears 
altogether  (Fig.  130).  This  disappearance  is 
due  to  its  force  becoming  expended  in  expanding 
the  arterial  wall. 

4.  The  Form  of  the  Wave. — Waves  at  sea 
vary  greatly  in  form,  and  the  form  of  the  wave 
might  be  graphically  recorded  on  some  moving 
surface  such  as  the  side  of  a  ship  by  some 
floating  body.  If  the  ship  were  stationary  a 
simple  vertical  line  would  be  produced,  but  if 
she  were  moving  a  curve  would  be  recorded, 
more  or  less  abrupt  according  to  her  speed. 
From  this  curve  the  shape  of  the  wave  might 
be  deduced,  if  the  speed  of  the  vessel  is  known. 

The  same  method  may  be  applied  to  the 
arterial  pulse.  By  recording  the  changes  pro- 
duced by  the  pulse  wave  as  it  passes  any  point 
in  an  artery  the  shape  of  the  wave  may  be 
deduced. 

This  may  be  done  by  any  of  the  various  forms 
of  sphygmograph. 

Such  a  tracing  is  not  a  true  picture  of  the 
wave,  but  simply  of  the  effect  of  the  wave  on 
one  point  of  the  arterial  wall.  Its  apparent 
length  depends  upon  the  rate  at  which  the  re- 
cording surface  is  travelling,  and  not  on  the 
length  of  the  wave. 

Its  height  depends  in  part  upon  the  length  of 
the  recording  lever,  in  part  upon  the  resistance 
off'ered  by  the  instrument,  in  part  upon  the 
degree  of  pressure  with  which  the  instrument 
is  applied  to  the  artery,  and  in  part  on  the 
thickness  of  the  arterial  wall. 

Such  a  trace  shows  (B^ig.  131)  — 

\st.  That  the  pulse  waves  generally  follow 
one  another  without  any  interval. 

2?irf.  That  the  rise  of  the  wave  is  much  more 
abrupt  than  the  fall. 

3rd  That  upon  the  descent  of  the  primary 
wave  there  are  one  or  more  secondary  waves. 

One  of  these  is  constant  and  is  very  often 
well  marked.  It  forms  a  second  crest,  and  is 
hence  called  the  dicrotic  wave. 

Between  the  chief  crest  and  this  secondary 
crest,  a  smaller  crest  is  often  manifest  (Fig. 
131,  3).  From  its  position,  it  is  called  the  pre- 
dicrotic  wave.    Sometimes  other  crests  appear. 
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If  the  wave  has  only  one  crest  it  is  called  a  one- 
crested  or  monocrotic  wave.  If  only  the  di- 
crotic crest  is  well  marked  it  is  called  dicrotic. 
If  three  crests  are  present,  tricrotic ;  if  several 
crests,  polycrotic. 

To  understand  the  various  parts  of  the  pulse 


Medium  Pressure. 


fall  in  pressure  is  indicated  by  the  dicrotic  notch. 
But  the  elasticity  of  the  semilunar  valves  at 
once  makes  them  again  spring  up,  thus  in- 
creasing the  pressure  in  the  aorta  and  causing 
the  second  crest,  the  dicrotic  wave.  After  this 
the  pressure  in  the  arteries  steadily  diminishes 
till  the  mean  is  reached,  to  be 
again  increased  by  the  next 
ventricular  systole. 

The  form  of  the  ptdae  wave 
varies  according  to  the  relation- 
ship between  the  arterial  pres- 
sure and  the  activity  of  the 
heart. 

If  the  heart  is  active  and 
strong  in  relation  to  the  arterial 
pressure,  the  main  mass  of  the 
blood  is  expelled  in  the  first 
sudden  outflow,  and  the  residual 
flow  is  absent  or  slight  (Fig.  132, 
dotted  line).  In  this  case  there 
is  a  sudden  and  marked  rise  of 
the  arterial  pressure,  followed 
by  a  steady  fall  till  the  moment 
of  ventricular  diastole.  The 


Medium  Pressure. 


Low  Pressure. 

Fia.  131. — Three  sphygmographic  tracings  made  from  the  radial  artery  of  a  healthy  man 
in  the  course  ot  one  hour  without  removing  the  spliygmograph.  1  was  made 
immediately  after  muscular  exercise ;  2  was  made  after  sitting  still  for  half  an 
hour ;  and  3,  after  an  hour. 


wave  it  is  necessary  to  compare  it  with  the 
intra-ventricular  pressure  changes.  This  may 
be  done  by  taking  synchronously  tracings  of  the 
intra-ventricular  pressure,  and  of  the  aortic 
pressure  (Fig.  132). 

Such  a  tracing  shows  that  at  the  moment  of 
ventricular  systole  the  pressure  in  the  aorta  is 
higher  than  that  in  the  left  ventricle. 

As  ventricular  systole  advances  the  intra- 
ventricular pressure  rises  and  becomes  higher 
than  the  aortic.  At  that  moment  the  aortic 
valves  are  thrown  open  and  a  rush  of  blood 
takes  place  into  the  aorta,  raising  the  pressure 
and  expanding  the  artery,  and  causing  the  up- 
stroke, and  crest  of  the  pulse  curve.  As  the 
ventricle  empties  itself  the  intra-ventricular 
pressure  tends  somewhat  to  fall,  and,  at  the 
same  time,  a  fall  in  the  intra-aortic  pressure 
also  takes  place.  If  all  the  blood  does  not  leave 
the  ventricle  in  the  first  gush,  e.g.  when  the 
intra-aortic  pressure  is  high  as  compared  with 
the  force  of  the  heart  (Fig.  132,  continuous  line), 
there  is  a  residual  outflow  which  arrests  the 
diminution  in  the  aortic  pressure,  or  may  actu- 
ally raise  it,  causing  the  predicrotic  wave.  As 
this  residual  outflow  diminishes,  the  aortic  pres- 
sure again  falls  and  continues  to  fall  until  the 
moment  of  ventricular  diastole.  At  this  instant 
the  intra-ventricular  pressure  suddenly  becomes 
less  than  the  intra-aortic,  and  the  semilunar 
valves  are  forced  downwards  towards  the  ven- 
tricles, and  thus  the  capacity  of  the  aorta  is 
slightly  increased  and  the  pressure  falls.  This 


rebound  of  the  semilunar  valves 
is  marked  in  this  case  and 
causes  a  very  prominent  dicro- 
tic wave,  while  the  predicrotic 
wave  is  absent  (Fig.  131,  1). 
Such  a  condition  is  well  seen  after  violent 
muscular  exertion,  and  in  certain  fevers.  In 
these  conditions  the  dicrotic  wave  is  so  well 
marked  that  it  can  be  readily  felt  with  the 
finger.  It  is  to  this  form  of  pulse  that  the  term 
dicrotic  is  applied  in  medicine. 


Fig.  132. — Diagram  to  show  the  relationship  of  the  pulse  wave 
to  the  cardiac  cycle  and  the  effect  of  altering  the  relatinn- 
ship  between  the  activity  of  the  heart  and  the  arterial 

blood  pressure.  i  is  the  curve  of  intra-ventricular 

pressure,  and  fti  is  a  pulse  curve  with  an  active  heart 

and  a  relatively  low  arterial  pressure.  — a  and  ai  are  the 
same  with  a  sluggish  heart  and  a  relatively  high  arterial 
pressure. 

On  the  other  hand,  if  the  ventricles  are  acting 
slowly  and  feebly  in  relationship  to  the  arterial 
pressure,  the  initial  outflow  of  blood  does  not 
take  place  so  rapidly  and  completely  (Fig.  132, 
continuous  line),  and  the  initial  rise  in  the  pulse 
is  thus  not  so  rapid.  The  residual  outflow  of 
blood  is  more  marked  and  causes  a  well-marked 
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secondary  rise  in  the  pulse  curve — the  predi- 
crotic  wave.  In  certain  cases  this  may  be 
higher  than  the  primary  crest,  producing  the 
condition  known  as  the  anacrotic  pulse.  The 
relatively  high  intra-arterial  pressure  here  pre- 
vents the  development  of  a  well-marked  dicrotic 
wave. 

In  extreme  cases  of  this  kind,  when  the  ar- 
terial walls  are  very  tense,  they  may  recover 
after  their  expansion  in  an  irregular  jerky 
manner,  and  may  give  rise  to  a  series  of  kata- 
crotic  crests  producing  a  polycrotic  pulse  (Fig. 
131,  3). 

From  what  has  been  said  it  will  be  seen  that 
a  study  of  the  pulse  wave  gives  most  valuable 
information  as  regards  the  state  of  the  circula- 
tion, and  the  physician  constantly  makes  use  of 
the  pulse  in  diagnosis. 

Palpation  of  Pulse. — On  placing  the  finger  on 
the  radial  artery  the  points  to  determine  are— 

\st.  The  rate  of  the  pulse — i.e.  the  rate  of  the 
heart's  action. 

ItuI.  The  rhythm  of  the  pulse — i.e.  of  the 
heart's  action  as  regards — (1)  Strength  of  the 
various  heats. — Normally  the  beats  differ  little 
from  one  another  in  force — since  the  various 
heart  beats  have  much  the  same  strength. 
Respiration  has  a  slight  effect  which  will  after- 
wards be  considered  {see  p.  45).  In  patho- 
logical conditions  great  differences  in  the  force 
of  succeeding  pulse  waves  occur.  (2)  Time 
relationship  of  beats. — Normally  the  beats  follow 
one  another  at  regular  intervals  —  somewhat 
shorter  during  inspiration  —  somewhat  longer 
during  expiration.  In  pathological  conditions 
great  irregularities  in  this  respect  may  occur. 

3?-(Z.  The  volume  of  the  pulse  wave.  Some- 
times the  wave  is  high  and  greatly  expands  the 
artery — sometimes  less  high  and  expanding  the 
artery  less.  The  former  condition  is  called  a 
full  pulse  {puls2is  plenus),  the  latter  a  small 
pulse  (jmlsus  parvus).  The  fulness  of  the  pulse 
depends  upon  two  factors : — 1st.  The  average 
tension  in  the  arteries  between  the  pulse  beats. 
If  this  is  high,  the  walls  of  the  artery  are  already 
somewhat  stretched,  and  therefore  the  pulse 
wave  expands  them  only  slightly  further.  On 
the  other  hand,  if  the  average  pressure  is  low, 
the  arterial  wall  is  lax,  and  is  readily  stretched 
to  a  greater  extent.  2nd.  The  force  of  the 
heart.  To  stretch  the  arterial  wall  to  a  large 
extent  requires  an  actively  acting  heart  throw- 
ing a  sudden  lai'ge  wave  of  blood  into  the 
arterial  system  at  each  systole.  The  full  pulse 
is  well  seen  after  violent  exertion,  when  the 
heart  is  active  and  the  peripheral  vessels  fully 
dilated,  thus  allowing  a  free  flow  of  blood  from 
the  arteries  and  thus  keeping  the  mean  arterial 
pressure  low. 

■ith.  Tension  of  the  pulse.  Sometimes  the 
pulse  wave  is  easily  obliterated  by  pressing 
on  the  artery — sometimes  considerable  force  is 
required  to  prevent  it  from  passing.    To  test 


this,  two  fingers  must  be  placed  on  the  artery. 
That  placed  nearer  the  heart  must  be  pressed 
more  and  more  firmly  on  the  vessel  until  the 
pulse  wave  is  no  longer  felt  by  the  second  finger. 
In  this  way  the  tension  or  force  of  the  pulse, 
the  maximum  systolic  pressure  in  the  artery, 
may  be  roughly  determined.  So  important, 
however,  is  this  point,  that  various  instrumental 
methods  for  determining  it  have  been  devised 
(see  p.  30). 

The  tension  of  the  pulse  varies  directly  with 
the  force  of  the  heart  and  with  the  peripheral 
resistance.  The  first  statement  is  so  obvious  as 
to  require  no  amplification.  It  is  also  clear 
that  if  the  peripheral  resistance  is  low,  so  that 
blood  can  easily  be  forced  out  of  the  arteries 
into  the  capillaries,  the  arterial  wall  will  not  be 
so  forcibly  expanded  as  when  the  resistance  to 
outflow  is  great.  Hence  a  high-tension  pulse  is 
indicative  of  a  strongly  acting  heart  with  con- 
striction of  the  peripheral  vessels.  It  is  well 
seen  during  the  shivering  fit  which  so  frequently 
pi'ecedes  a  febrile  attack,  since  at  that  time  the 
peripheral  vessels  are  constricted  and  the  heart's 
action  excited.  The  tension  of  the  pulse  wave 
must  not  be  confused  with  the  mean  arterial 
pressure  (see  p.  29). 

5th.  The  fortn  of  the  pulse  wave  may  be  in- 
vestigated by  means  of  the  finger  alone  or  by 
means  of  the  sphygmograph.  The  points  to  be 
observed  are — 

(1)  Does  the  wave  come  up  suddenly  under 
the  finger  1  In  the  pulsus  celer  (or  active  pulse) 
it  does  so ;  in  the  pulsus  tardus,  on  the  other 
hand,  it  comes  up  slowly.  The  former  condition 
is  indicative  of  an  actively  acting  heart  with  no 
great  peripheral  resistance — the  latter  indicates 
that  the  heart's  action  is  weak  in  relationship  to 
the  arterial  blood  pressure. 

(2)  Does  the  wave  fall  slowly  or  rapidly  1 
Normally  the  fall  should  not  be  so  sudden  as 
the  ascent.  When  the  aortic  valves  are  not 
properly  closed  the  descent  becomes  very 
rapid. 

(3)  Are  there  any  secondary  waves  to  be 
observed  1  The  only  one  of  these  which  can  be 
detected  by  the  finger  is  the  dicrotic  wave,  and 
this  only  when  it  is  well  marked.  When  it  can 
be  felt,  the  pulse  is  said  to  be  dicrotic,  and,  as 
before  stated,  this  indicates  an  actively  acting 
heart  with  an  arterial  pressure  low  relatively  to 
the  strength  of  the  ventricles. 

B.  Capillary  Pulse 
Normally  there  is  no  pulse  in  the  capillaries. 
Their  thin  endothelial  wall  is  not  well  adapted 
to  bear  such  an  intermittent  strain.  If,  how- 
ever, the  arterioles  to  a  district  are  freely  dilated 
so  that  little  resistance  is  offered  to  the  escape 
of  blood  from  the  arteries,  and  if  at  the  same 
time  the  outflow  from  the  capillaries  is  not  pro- 
portionately increased,  intermittent  inflow  and 
resistance  to  outflow  are  developed,  and  a  pulse 
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is  produced.  Such  a  condition  is  seen  in  certain 
glands  during  activity. 

C.  Venous  Pulse 

1.  The  absence  of  a  general  venous  pulse  has 
been  already  explained.  But  just  as  in  the 
capillaries  so  in  the  veins,  a  local  pulse  may 
develop. 

2.  In  the  veins  entering  the  auricles  a  pulse 
occurs,  but  a  pulse  having  no  resemblance  to 
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Flo.  133.— Tracings  of  the  pulse  in  the  great  veins  in  relationship 

to  the  cardiac  cycle.   normal  venous  pulse.    -  -  -  -  a  and  h 

venous  pulse  in  tricuspid  Incompetence. 

the  arterial  pulse,  although  depending  on  the 
same  three  factors. 

Its  form  is  indicated  in  Fig.  133. 
Its  features  are  to  be  explained  as  follows  : — 
Blood  is  constantly  flowing  into  the  great  veins, 
pressed  on  from  behind.  When  the  auricles 
contract,  the  outflow  from  these  veins  into 
the  heart  is  suddenly  checked,  and  conse- 
quently the  veins  distend.  At  the  moment 
of  auricular  diastole  the  outflow  is  again 
free,  a  rush  of  blood  takes  place  into  the 
distending  auricles,  and  thus  the  pressure 
in  the  veins  falls.  But  as  this  is  occurring, 
blood  is  shot  from  the  ventricles  into  the 
arteries,  and  the  carotid,  lying  behind  the 
jugular  vein,  transmits  its  pulse  to  the  vein 
as  a  crest.  While  the  ventricle  is  contracted 
blood  cannot  pass  on  from  the  auricles,  and 
hence  it  accumulates  in  the  great  vein  and 
makes  a  third  crest  at  the  end  of  ventri- 
cular systole.  At  the  moment  when  the 
ventricles  dilate  a  sudden  rush  of  blood 
takes  place  from  the  veins  and  auricles  into 
the  ventricles,  and  thus  a  sudden  fall  in  the 
pressure  is  produced.  Gradually,  as  the 
ventricles  fill,  the  pressure  in  the  auricles 
and  veins  increases  and  they  are  again  ex- 
panded. 

This  is  the  normal  venous  pulse.  But,  if  the 
auriculo- ventricular  valves  are  incompetent, 
blood  is  forced  back  into  the  auricles  and  veins 
■when  the  ventricles  contract,  and  a  crest  develops 
after  the  carotid  crest  which  it  may  replace. 
The  height  of  this  crest  is  a  good  index  of  the 
amount  of  regurgitation. 


Respiratory  Variations  in  Blood  Pressure. — 
Not  only  do  rhythmic  changes  in  the  arterial 
pressure  occur  with  each  beat  of  the  heart,  but 
larger  changes  are  caused  by  the  respirations — 
the  rise  in  pressure  in  great  measure  correspond- 
ing to  the  phase  of  inspiration,  the  fall  in 
pressure  to  the  phase  of  expiration.  This  state- 
ment is  not  quite  accurate,  as  will  be  seen  when 
considering  the  influence  of  respiration  on  circu- 
lation (see  p.  45).  These  variations  are  easily 
seen  in  a  tracing  of  the  arterial  pressure  taken 
with  the  mercurial  manometer  (Fig.  134). 

A  pulse  synchronous  with  the  respirations 
may  also  be  observed  in  the  great  veins  at  the 
root  of  the  neck  and  in  the  venous  sinuses  of 
the  cranium  when  it  is  opened.  With  each 
inspiration  they  tend  to  collapse,  with  each 
expiration  they  again  expand.  The  reason  for 
this  is  that  during  inspiration  the  pressure 
inside  the  thorax  becomes  low  and  hence  blood 
is  sucked  from  the  veins  into  the  heart,  while 
during  expiration  the  intra-thoracic  pressure 
becomes  higher  and  thus  the  entrance  of  blood 
into  the  heart  is  opposed. 

3.  Mean  Blood  Pressure 
I.  Pressure  in  the  Arteries. — A.  Methods. — 
The  first  investigation  of  the  pressure  in  the 
blood-vessels  was  made  by  the  Rev.  Stephen 
Hales  in  1733.  He  fixed  a  long  glass  tube  in  the 
femoral  artery  of  a  horse  laid  on  its  back,  and 
found  that  the  pressure  supported  a  column  of 
blood  of  8  feet  3  inches,  while,  when  the  tube 
was  placed  in  a  vein,  only  1  foot  was  supported. 


Fig.  134.— Tracing  of  the  arterial  l)lood  pressure  to  show  large  respira- 
tory variations,  and  small  variations  due  to  heart  beats  upon 
these,  and  the  sudden  fall  in  the  pressure  produced  by  stimulat- 
ing the  inferior  cardiac  branch  of  the  vagus  nerve. 


The  capillary  pressure  is,  of  course,  intermediate 
between  these  two. 

At  the  present  time,  instead  of  letting  the 
blood  pressure  act  directly  against  the  force 
of  gravity,  it  is  found  more  convenient,  in 
studying  the  pressure  in  an  artery,  to  let  it 
act  through  a  column  of  mercury  placed  in  a 
U  tube  (Fig.  135,  A).  To  record  the  changes 
in  pressure  a  float  is  placed  upon  the  mercury 
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in  the  distal  limb  of  the  tube,  and  this  carries 
a  writing  style  which  records  the  changes  upon 
a  moving  surface.  With  such  an  apparatus 
a  record  such  as  is  shown  in  Fig.  134  is  given. 
The  actual  pressure  is  measured  by  taking  the 
difference  between  the  level  of  the  mercury  in 
the  two  limbs  of  the  tube.  To  make  the 
measurement  it  is  customary  to  describe  an 
abscissa  when  the  mercury  is  at  the  same  level 


G.  135. — -1.  The  mercurial  manometer  with  recording  float,  used 
arterial  blood  pressure  of  lower  animals ;  B,  the  Hill-Bar 
measuring  the  arterial  pressure  in  man. 

in  the  two  sides  of  the  tube.  The  difference 
between  this  and  the  level  of  the  style  at  any 
moment  multiplied  by  two,  on  account  of  the 
depression  in  the  proximal  limb  which  accom- 
panies the  elevation  in  the  distal  limb,  gives 
the  blood  pressure  in  mm.  of  mercury. 

On  the  record  made  with  such  an  instrument 
the  rhythmic  variations  in  the  arterial  blood 
pressure  already  considered  on  p.  27  are  clearly 
visible. 

In  the  human  subject  the  arterial  pressure 
may  be  measured  by  various  methods,  some 
of  which  give  the  systolic  pressure,  i.e.  the 
pressure  at  the  maximum  of  the  pulse  wave; 
while  others  give  the  diastolic  pressure — the 
pressure  between  the  pulse  waves.  As  shown 
on  p.  27  the  difference  between  these  is  most 
marked  in  the  great  arteries,  and  falls  to  zero 
before  the  capillaries  are  reached  (Fig.  136). 

To  measure  the  systolic  pressure  it  is 
necessary  to  find  the  pressure  which  must  be 
applied  to  an  artery  in  order  to  prevent  the 
pulse  from  passing. 

This  may  be  done  with  Riva  Rocci's  apparatus, 
by  applying  a  bag  round  the  arm  so  that  it 
rests  upon  the  brachial  artery.  The  bag  is 
firmly  strapped  on  by  means  of  a  broad 
supporting  belt,  and  it  is  connected  with  a 
pump  by  which  the  pressure  within  it  may  be 
raised,  and  with  a  mercurial  manometer  by 


which  the  pressure  applied  may  be  measured 
in  mm.  of  mercury.  The  pressure  is  then 
raised  till  the  pulse  at  the  wrist  is  no  longer 
felt,  and  the  column  of  mercury  indicates  the 
systolic  pressure  in  the  artery. 

Instead  of  using  the  radial  pulse  as  the  index, 
the  passage  of  blood  into  a  region  rendered 
bloodless  may  be  used.  In  Gaertner's  tono- 
meter the  bag  and  band  are  applied  round  the 
finger  rendered  bloodless  at 
a  pressure  sufficient  to  pre- 
vent the  blood  from  pass- 
ing, and  then  the  pressure 
is  slowly  lowered  till  the 
blood  passes  and  the  finger 
again  flushes.  The  height 
of  the  column  of  mercury 
at  that  moment  gives  the 
systolic  pressure  in  the  small 
arteries  of  the  finger. 

The  diastolic  pressure 
may  be  measured  by  taking 
advantage  of  the  fact  that 
when  the  pressures  inside 
and  outside  an  artery  are 
equal  the  pulse  wave  is  best 
marked.  A  bag  and  band 
are  applied  to  the  brachial 
artery,  and  the  movements 
of  the  pulse  are  observed 
in  the  column  of  mercury 
or  on  an  aneroid  barometer 
in  the  Hill-Barnard  instru- 
ment, or  by  a  record  taken  with  a  small  tambour 
on  a  revolving  cylinder  in  Erlanger's  instrument 
(Fig.  137).  Erlanger's  instrument  may  also 
be  used  as  the  Riva  Rocci  for  systolic  pressures, 
and  it  is  therefore  the  most  valuable  instrument 
for  the  study  of  the  arterial  pressure  in  the 
man. 

B.  Results. — By  these  methods  it  has  been 


in  taking  records  of  the 
nard  sphygmometer,  for 


Fig.  136. — To  show  the  difference  between  systolic,  diastolic, 
and  mean  blood  pressure  throughout  the  arterial  system. 
S,  Systolic  pressure;  D,  diastolic  pressure;  jU,  mean  pressure. 

found  that  the  systolic  pressure  in  the  brachial 
artery  of  man  is  about  110  mm.  of  mercury, 
while  the  diastolic  pressure  is  only  about  65 
mm.  The  difference  between  these,  of  course, 
gives  the  pulse  pressure  or  tension. 

The  force  of  the  heart  and  the  degree  of 
peripheral  resistance  both  modify  the  arterial 
pressure,  and  normally  these  so  act  together 
that  disturbance  of  one  is  compensated  for  by 
changes  in  the  other.     Thus,  if  the  heart's 
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action  becomes  increased  and  tends  to  raise  the 
arterial  pressure,  the  peripheral  resistance  falls 
and  prevents  any  marked  rise.  Similarly,  if 
the  peripheral  resistance  is  increased,  the  heart's 
action  is  diminished,  and  no  rise  in  the  pressure 
occurs.  Under  certain  conditions,  however, 
this  compensatory  action  is  not  complete,  and 
clianges  in  the  arterial  pressure  are  thus  brought 
about. 

The  volume  of  hlood  has  a  comparatively  small 
influence  on  the  arterial  pressure,  because  the 


Fig.  137.— Scheme  of  Erlanger's  apparatus  for  determining  the 
arterial  blood  pressure  in  man.  a.  Elastic  bag  for  arm ; 
6,  mercurial  manometer  ;  c,  pump  ;  /,  glass  bulb  ;  e,  rubber 
ball ;  h,  tambour  with  lever. 

veins  are  so  large  that  they  accommodate  very 
varying  amounts  of  fluid. 

Factors  controlling  Arterial  Pressure. — 
{a)  Hearfs  Action. — The  influence  of  this  may 
be  readily  demonstrated  by  stimulating  the 
vagus  nerve  while  taking  a  tracing  of  the 
arterial  pressure.  The  heart  is  inhibited,  less 
blood  is  forced  into  the  arteries,  and  the  pressure 
falls  (Fig  134). 

If,  on  the  other  hand,  the  accelerator  nerve 
is  stimulated,  the  increased  heart's  action  drives 
more  blood  into  the  arteries,  and  the  pressure 
rises. 

(5)  Peripheral  Resistance. — The  resistance  to 
outflow  from  the  arteries  depends  upon  the 
resistance  off"ered  in  the  small  arteries,  the  walls 
of  which  are  chiefly  composed  of  visceral  muscle 
fibres.  When  these  fibres  are  contracted,  the 
lumen  of  the  vessels  is  small  and  the  resistance 
is  great.  When  they  are  relaxed,  the  lumen 
of  the  vessels  dilates,  and  the  resistance  to  out- 
flow is  diminished.  This  muscular  tissue  of 
the  arterioles  acts  as  a  stop-cock  to  the  flow  of 
blood  from  the  arteries  to  the  capillaries.  It 
is  of  great  importance — 

\st.  In  maintaining  the  uniform  pressure  in 
the  arteries. 

2nd.  In  regulating  the  flow  of  blood  into  the 
capillaries. 

During  the  functional  activity  of  a  part,  a 


free  supply  of  blood  in  its  capillaries  is  required. 
This  is  brought  about  by  a  relaxation  of  the 
muscular  coats  of  the  arterioles  leading  to  the 
part.  When  the  part  returns  to  rest,  the  free 
flow  of  blood  is  checked  by  the  contraction  of 
the  muscular  walls  of  the  arterioles. 

The  action  of  the  arterioles  is  well  seen  under 
the  influence  of  certain  drugs  (vaso-dilators  and 
vaso-constrictors).  If,  while  a  tracing  of  the 
arterial  pressure  is  being  taken,  nitrate  of  amyl 
is  administered  to  the  animal,  it  will  be  seen 
that  the  skin  and  mucous  membranes  become 
red  and  engorged  with  blood,  while  at  the  same 
time  the  arterial  pressure  falls.  Nitrites  cause 
the  muscular  coat  of  the  arterioles  to  relax, 
and  thus,  by  diminishing  peripheral  resistance, 
permit  blood  to  flow  freely  from  the  arteries 
into  the  capillaries. 

Salts  of  barium  have  precisely  the  opposite 
effect,  causing  the  skin  to  become  pale  from 
imperfect  filling  of  the  capillaries,  and  producing 
a  marked  rise  in  the  arterial  pressure.  Con- 
traction of  the  muscles  of  the  arterioles  is  pro- 
duced, and  the  flow  of  blood  from  arteries  to 
capillaries  is  retarded. 

Not  only  is  the  state  of  the  arterioles  influ- 
enced thus  by  drugs,  but  it  is  also  aff'ected  by 
the  internal  secretions  {see  p.  82)  from  certain 
organs.  A  powerful  vaso-constrictor  adrenalin 
is  produced  in  the  medulla  of  the  suprarenals. 

The  condition  of  the  arterioles  may  be  studied 
in  many  diff'erent  ways — 

\st.  By  direct  observation.  —  1.  W^ith  the 
naked  eye.  A  red  engorged  appearance  of  any 
part  of  the  body  may  be  due  to  dilatation  of 
the  arteriole  leading  to  it.  It  may,  however, 
be  due  to  some  obstruction  to  the  outflow  of 
blood  from  the  part. 

2.  With  the  microscope.  In  certain  trans- 
parent structures,  such  as  the  web  of  the  frog's 
foot,  or  the  wing  of  the  bat,  or  the  mesentery, 
it  is  possible  to  measure  the  diameter  of  the 
arterioles  by  means  of  an  eye-piece  micrometer, 
and  to  study  their  dilatation  and  contraction. 

2nd.  The  engorgement  of  the  capillaries 
brovight  about  by  dilatation  of  the  arterioles 
manifests  itself  also  in  an  increased  size  of  the 
part.  Everyone  knows  how  on  a  hot  day,  when 
the  arterioles  of  the  skin  are  dilated,  it  is 
difficult  to  pull  on  a  glove  which,  on  a  cold  day, 
when  the  cutaneous  arterioles  are  contracted, 
feels  loose.  By  enclosing  a  part  of  the  body  in 
a  case  with  rigid  walls  filled  with  fluid  or  with 
air  which  is  connected  with  some  form  of  re- 
cording tambour,  an  increase  or  decrease  in  the 
size  of  the  part  due  to  the  state  of  its  vessels 
may  be  registered.  Such  an  instrument  is  called 
a  plethysmograph. 

^rd.  When  the  arterioles  to  a  part  are  dilated 
and  the  blood  is  flowing  freely  into  the  capil- 
laries, the  part  becomes  warmer,  and  by  fixing 
a  thermometer  to  the  surface,  conclusions  as  to 
the  condition  of  the  arterioles  may  be  drawn. 
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ith.  By  streaming  blood  through  the  vessels 
and  observing  the  rate  at  which  it  escapes,  the 
changes  in  the  state  of  the  arterioles  may  be 
made  out.  This  perfusion  method  is  much  used 
in  studying  the  action  of  drugs. 

5</i.  Since  the  state  of  the  arterioles  influences 
the  arterial  pressure,  the  heart's  action  is  kept 
unifoi'm,  changes  in  the  arterial  blood  pressure 
indicate  changes  in  the  arterioles,  a  fall  of 
pressure  indicating  dilatation,  a  rise  of  pressure, 
constriction. 

Normal  State  of  Arterioles. — If  an  arteriole 
in  some  transparent  tissue  be  examined,  it  will 
be  found  to  maintain  a  fairly  uniform  size,  but 
to  undergo  periodic  slow  changes  in  calibre. 
If  the  ear  of  a  white  rabbit  be  studied,  it  will 
be  seen  to  undergo  slow  changes,  at  one  time 
appearing  pale  and  bloodless,  at  another  time 
red  and  engorged.  During  this  latter  phase 
numerous  vessels  appear  which  in  the  former 
condition  were  invisible.  These  slow  changes 
are  independent  of  the  heart's  action  and  of 
the  rate  of  respirations.  They  appear  to  be 
due  to  the  periodic  rhythmic  contraction  which 
is  a  characteristic  property  of  visceral  muscle 
fibres.  This  rhythmic  action  is  better  marked 
in  some  vessels  than  in  others. 

Vaso-motor  Mechanism.  — If  the  sciatic  nerve 
of  a  frog  be  cut,  the  arterioles  in  the  foot  at 
once  dilate.  If  the  sciatic  be  stimulated,  the 
arterioles  become  smaller.  The  same  results 
follow  if  the  anterior  roots  of  the  lower  spinal 
nerves,  from  which  the  sciatic  takes  origin,  be 
cut  or  stimulated. 

We  must,  therefore,  conclude  (1)  that  the 
central  nervous  system  exerts  a  constant  tonic 
influence  upon  the  arterioles,  keeping  them  in 
a  state  of  semi-contraction ;  and  (2)  that  this 
influence  may  be  increased,  and  thus  a  constric- 
tion of  the  arterioles  caused,  and  in  this  way 
the  flow  of  blood  from  arteries  to  capillaries 
obstructed  and  the  arterial  pressure  raised  ;  and 
(3)  that  this  influence  may  be  diminished,  so 
that  the  arterioles  dilate  and  allow  an  increased 
flow  into  the  capillaries  from  the  arteries,  and 
thus  lower  the  arterial  pressure. 

These  mobile  arterioles,  under  the  control  of 
the  central  nervous  system,  constitute  a  vaso- 
motor mechanism,  which  plays  a  most  important 
part  in  connection  with  nearly  every  vital 
process  in  the  body.  By  it  the  pressure  in  the 
arteries  is  governed,  by  it  the  supply  of  blood 
to  the  capillaries  and  tissues  is  controlled,  and 
by  it  the  loss  of  heat  from  the  body  is  largely 
regulated  (p.  72). 

This  vaso-motor  mechanism  consists  of  the 
three  parts  : — 

\st.  The  contractile  muscular  walls  of  the 
arterioles  with  the  nerve  terminations  in  them. 
2wc?.  The  nerves  which  pass  to  them. 
?)rd.  The  portions    of   the  central  nervous 
system  presiding  over  these. 

1.  Muscular   Walls  of  the  Arterioles. — The 


muscular  fibres  are  maintained  in  a  state  of 
tonic  semi-contraction  by  nerves  passing  to  them, 
and  when  these  nerves  are  divided,  the  muscular 
fibres  relax.  But  if,  after  these  nerves  have 
been  cut,  the  animal  be  allowed  to  live,  in  a  few 
days  the  arterioles  again  pass  into  a  state  of 
tonic  semi-contraction,  although  no  union  of  the 
divided  nerve  has  taken  place. 

Certain  drugs,  e.g.  digitalis  and  the  salts  of 
barium,  act  as  direct  stimulants  to  these  muscle 
fibres. 

It  appears  that  the  muscular  fibres  in  the 
arterioles,  as  elsewhere,  tend  to  maintain  them- 
selves in  a  state  of  partial  contraction,  which 
increases  and  diminishes  in  a  regular  rhythmic 
manner. 

The  precise  part  played  by  the  nerve  termina- 
tions has  not  been  definitely  established,  but 
certain  drugs  appear  to  act  specially  upon  them. 
Thus  apocodeine,  while  it  does  not  prevent 
barium  salts  from  constricting  the  vessels,  pre- 
vents the  constricting  action  of  extracts  of  the 
medulla  of  the  suprarenals,  even  when  the 
nerves  are  cut.  Hence  it  must  be  concluded 
that  it  paralyses  a  nervous  mechanism  in  the 
arteriole  wall  which  is  stimulated  by  the  supra- 
renal extract. 

Normally  this  muscular  mechanism  is  con- 
trolled by  the  nervous  system. 

2.  Vaso-motor  Nerves. — When  a  nerve  going 
to  any  part  of  the  body  is  cut  the  arterioles  of 
the  part  generally  dilate,  when  it  is  stimulated 
the  arterioles  are  usually  contracted  ;  sometimes, 
however,  they  are  dilated.  In  no  case  does 
section  of  a  nerve  cause  constriction  of  the 
arterioles. 

These  facts  prove  that  the  vaso-motor  nerves 
may  be  divided  into  two  classes  : — 
\st.  Vaso-constrictor. 
'ind.  Vaso-dilator. 

A.  Vaso-constrictor  Nerves. — The  fact  that 
section  of  these  at  once  causes  a  dilatation  of  the 
arterioles  proves  that  they  are  constantly  trans- 
mitting impulses  from  the  central  nervous 
system. 

Course. — The  course  of  these  fibres  has  been 
investigated  by  section  and  by  stimulation 
(Fig.  138). 

They  leave  the  spinal  cord  chiefly  in  the 
dorsal  region  by  the  anterior  roots  of  the  spinal 
nerves,  pass  into  the  sympathetic  ganglia, 
where  they  have  their  cell  stations,  and  then 
as  non-medullated  fibres  pass,  either  along  the 
various  sympathetic  nerves  to  the  viscera,  or 
back  through  the  grey  ramus  (see  Fig.  83,  vol.  vii. 
p.  5-50),  into  the  spinal  nerve,  and  run  in  it 
to  their  terminations. 

B.  Vaso-dilator  Nerves. — A  good  example  of 
such  a  nerve  is  to  be  found  in  the  chorda 
tympani  branch  of  the  facial  nerve,  which  sends 
fibres  to  the  submaxillary  and  sublingual  sali- 
vary glands.  If  this  nerve  be  cut,  no  change 
takes  place  in  the  vessels  of  the  gland,  but 
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when  it  is  stimulated  the  arterioles  dilate  and 
allow  an  increased  flow  of  blood  through  the 
capillaries.  These  fibres,  therefore,  instead  of 
increasing  the  activity  of  muscular  contraction, 
diminish  or  inhibit  it.  They  play  the  same 
part  in  regard  to  the  muscular  fibres  of  the 
arterioles  as  the  inferior  cardiac  branch  of  the 
vagus  does  in  regard  to  the  cardiac  muscular 
fibres.  As  examples  of  vaso-dilator  nerves,  the 
gastric  branches  of  the  vagus  carrying  vaso- 
dilator fibres  to  the  mucous  membrane  of  the 


Flfi.  138. — Diagram  of  the  distribution  of  vaso-motor  nerves. 
The  continuous  line  shows  the  vaso-constrictors,  the  dotted 
line  the  vaso-dilators.  C.N.,  Cranial  nerves  ;  Vag.,  vagus ; 
T.S.,  thoracic  sympathetic  ;  A.S.,  abdominal  sympathetic  ; 
N.L.,  nerves  to  the  leg. 

stomach,  and  the  nervi  erigentes  carrying  vaso- 
dilator fibres  to  the  external  genitals,  may  be 
taken. 

The  vaso-dilator  nerves  of  most  parts  of  the 
body  run  side  by  side  with  the  vaso-constrictor 
nerves ;  and,  hence,  curious  results  are  often 
obtained.  If  the  sciatic  nerve  of  a  dog  be  cut, 
the  arterioles  of  the  foot  dilate.  If  the  peri- 
pheral end  of  the  cut  nerve  is  stimulated,  the 
vessels  contract.  But,  after  a  few  days,  if  the 
nerve  be  prevented  from  uniting,  the  arterioles 
of  the  foot  recover  their  tonic  contraction,  and, 
if  the  sciatic  nerve  is  then  stimulated,  a  dilata- 
tion, and  not  a  constriction,  is  brought  about. 
The  vaso-constrictor  fibres  seem  to  die  more 
rapidly  than  the  vaso-dilator  fibres  which  run 
alongside  of  them.  Under  certain  conditions 
the  activity  of  the  vaso-dilator  fibres  seems  to 
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be  increased.  Thus,  if,  when  the  limb  is  warm, 
the  sciatic  nerve  is  stimulated,  dilatation  rather 
than  constriction  may  occur.  Again,  while 
rapidly  repeated  and  strong  induction  shocks 
are  apt  to  cause  constriction,  slower  and  weaker 
stimuli  tend  to  produce  dilatation. 

Course.  —  The  vaso-dilator  nerves  pass  out 
chiefly  by  the  anterior  roots  of  the  various 
spinal  nerves,  and  do  not  pass  through  the 
sympathetic  ganglia,  but  run  as  medullated 
fibres  to  their  terminal  ganglia  (Fig.  138). 
Bayliss  has  recently  shown  that  the  vaso-dilator 
fibres  for  the  hind  limb  leave  the  cord  by  the 
posterior  roots,  and  that  they  are  connected 
with  the  cells  in  the  ganglia. 

3.  Portions  of  Nervous  System  Presiding  over 
the  Vaso-motor  Mechanism.  —  Since  a  set  of 
nerves  causing  constriction  of  the  arterioles, 
and  another  set  causing  dilatation  exist,  we 
must  conclude  that  there  are  two  mechanisms 
in  the  central  nervous  system  — one  a  vaso- 
constrictor, the  other  a  vaso-dilator. 

A.  Vaso- CONSTRICTOR  Centre. — (fz.)  Mode  of 
Action.- — This  mechanism  is  constantly  in  action, 
maintaining  the  tonic  contraction  of  the  arteri- 
oles. 

If  any  afferent  nerve  be  stimulated,  the  effect 
is  to  increase  the  activity  of  the  mechanism,  to 
cause  a  general  constriction  of  arterioles,  and 
thus  to  raise  the  general  arterial  pressure.  The 
centre  is,  therefore,  capable  of  reflex  excitation. 
In  ordinary  conditions  so  many  afferent  nerves 
are  constantly  being  stimulated,  that  it  is  not 
easy  to  say  how  far  the  tonic  action  of  this 
centre  is  reflex  and  dependent  on  the  stream  of 
afferent  impulses. 

But  this  centre  may  also  be  directly  acted 
upon  by  the  condition  of  the  blood  and  lymph 
circulating  through  it.  When  the  blood  is  not 
properly  oxygenated  and  freed  from  carbon 
dioxide,  as  in  asphyxia  or  suffocation,  this 
centre  is  stimulated  and  a  general  constriction 
of  arterioles  with  high  blood  pressure  results. 

(6)  Position. — In  investigating  the  position 
of  the  centre  we  may  take  advantage  of — 

1st.  Its  constant  tonic  influence.  Removal 
of  the  centre  at  once  causes  dilatation  of 
arterioles. 

2nd.  The  fact  that  it  may  be  refleily  stimu- 
lated. If  the  vaso-constrictor  centre  be  removed, 
stimulation  of  an  afferent  nerve  no  longer  causes 
constriction  of  the  arterioles. 

Removal  of  the  whole  brain  above  the  pons 
Varolii  leaves  the  centre  intact. 

Separation  of  the  pons  Varolii  and  medulla 
oblongata  from  the  spinal  cord  at  once  causes 
a  dilatation  of  the  arterioles  of  the  body,  and 
prevents  the  production  of  reflex  constriction  by 
stimulation  of  an  afferent  nerve. 

The  main  part,  at  least,  of  the  vaso-constrictor 
mechanism  is  therefore  situated  in  the  pons 
Varolii  and  medulla  oblongata. 

The  extent  of  this  centre  has  been  determined 
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by  slicing  away  this  part  of  the  brain  from 
above  downwards,  and  studying  the  influence 
of  reflex  stimulation  after  the  removal  of  each 
slice. 

It  is  found  that  at  a  short  distance  below 
the  corpora  quadrigemina,  the  removal  of  each 
succeeding  part  is  followed  by  a  diminution  in 
the  reflex  constriction,  until,  at  a  point  close  to 
and  just  above  the  calamus  scriptorius,  all  re- 
flex response  to  stimulation  stops. 

The  centre  is  therefore  one  of  very  consider- 
able longitudinal  extent. 

But  it  has  been  found  that  if,  after  section 
of  the  spinal  cord  high  up,  the  animal  be  kept 
alive  for  some  days,  the  dilated  arterioles  again 
contract,  and  stimulation  of  afferent  nerves 
entering  the  cord  below  the  point  of  section 
causes  a  further  constriction.  If  now  another 
section  be  made  further  down  the  cord,  the 
arterioles  supplied  by  nerves  coming  from  below 
the  point  of  section  will  again  dilate.  This 
shows  that  secondary  vaso-constrictor  centres, 
tonic  in  action  and  capable  of  having  their 
activity  reflexly  increased,  exist  all  down  the 
grey  matter  of  the  spinal  cord.  Normally 
these  are  under  the  domain  of  the  dominant 
centre,  but  when  this  is  out  of  action  they  then 
come  into  play. 

B.  Vaso-dilator  Centre. — (a)  Mode  of  Action. 
— This  mechanism  is  not  constantly  in  action. 
Section  of  a  vaso-dilator  nerve  does  not  cause 
vascular  dilatation.  It  may  be  excited  reflexly, 
but  in  a  different  manner  from  the  vaso-con- 
strictor mechanism. 

Stimulation  of  an  afferent  nerve  causes  a 
dilatation  of  the  arterioles  in  the  part  from 
which  it  comes,  and  a  constriction  of  the 
arterioles  throughout  the  rest  of  the  body. 
If  a  sapid  substance,  such  as  pepper,  be  put 
in  the  mouth,  the  buccal  mucous  membrane 
and  the  salivary  glands  become  engorged,  while 
there  is  a  constriction  of  the  arterioles  throughout 
the  body.  The  vaso-dilator  central  mechanism 
is  not  general  in  its  action  like  the  vaso-con- 
strictor, but  is  specially  related  to  the  different 
parts  of  the  body. 

This  is  a  matter  of  the  greatest  importance 
in  physiology  and  pathology.  It  explains  the 
increased  vascularity  of  a  part  when  active 
growth  is  going  on.  The  changes  in  the  part, 
or  the  products  of  these,  stimulate  the  afferent 
nerve.  This  reflexly  stimulates  the  vaso-dilator 
mechanism  of  the  part,  and  thus  causes  a  free 
flow  of  blood  into  the  capillaries,  and  at  the 
same  time  maintains  or  actually  raises  the 
arterial  pressure  by  causing  a  general  constric- 
tion of  the  arterioles,  and  thus  forces  more 
blood  to  the  situation  in  which  it  is  required. 

The  same  process  occurs  in  the  case  of  the 
stomach  during  digestion,  in  the  case  of  the 
kidney  during  secretion,  and  in  the  process  of 
inflammation. 

Not  only  does  peripheral  stimulation  act  in 


this  way,  but  various  states  of  the  brain,  ac- 
companied by  emotions,  may  stimulate  part  of 
the  vaso-dilator  mechanism,  as  in  the  act  of 
blushing. 

Again,  it  has  been  shown  that  stimulation  of 
the  central  end  of  the  depressor  nerve  (superior 
cardiac  branch  of  the  vagus)  causes  a  dilatation 
of  the  arterioles  chiefly  in  the  abdominal  cavity, 
but  also  throughout  the  body  generally.  This 
is  the  most  generalised  vaso-dilator  reflex  known 
(see  p.  23). 

(b)  Position.  —  While  the  dominant  vaso- 
constrictor centre  is  in  the  medulla,  the  vaso- 
dilator centres  seem  to  be  distributed  through- 
out the  medulla  and  spinal  cord. 

II.  Pressure  in  the  Capillaries. — This  may 
be  determined  by  finding  the  pressure  required 
to  blanch  the  skin  or  to  occlude  the  capillaries 
of  some  transparent  membrane. 

It  has  already  been  shown  that  the  pressure 
is  less  than  in  the  arteries  and  greater  than  in 
the  veins. 

Like  the  pressure  in  the  arteries,  it  depends 
upon  the  two  factors — 

1st.  Force  of  inflow. 

2nd.  Resistance  to  outflow, 

Ist.  Variations  in  the  Force  of  hifiow. — The 
capillary  pressure  may  undergo  marked  local 
changes  through  the  vaso-motor  mechanism. 
Wherever  the  function  of  a  part  is  active, 
dilatation  of  the  arterioles  and  an  increased 
capillary  pressure  exists,  and  when  the  influence 
of  vaso-dilator  nerves  is  withdrawn,  the  capillary 
pressure  falls. 

But  the  capillary  pressure  may  also  be 
modified  by  the  heart's  action,  inasmuch  as  the 
arterial  pressure,  by  which  blood  is  driven  into 
the  capillaries,  depends  upon  this.  In  cardiac 
inhibition  not  only  is  arterial  pressure  lowered, 
but  capillary  pressure  may  also  fall.  In  aug- 
mented heart  action  both  arterial  and  capillary 
pressure  are  raised. 

2nd.  Variations  in  Resistance  to  Outflow. — 
Normally  the  flow  from  capillaries  to  veins  is 
free  and  unobstructed ;  but,  if  the  veins  get 
blocked,  or  if  the  flow  in  them  is  retarded  by 
gravity,  the  capillaries  get  engorged  with  the 
blood  which  cannot  escape  from  them.  This 
increased  pressure  in  the  capillaries  is  very 
different  from  that  caused  by  increased  inflow. 
The  flow  through  the  vessels  is  slowed  or  may 
be  stopped  instead  of  being  accelerated,  and  the 
blood  gets  deprived  of  its  nourishing  con- 
stituents, loaded  with  waste  products,  and 
tends  to  exude  into  the  lymph  spaces,  causing 
dropsy. 

It  is,  therefore,  most  important  to  distinguish 
between  high  capillary  pressure  from  dilated 
arterioles  or  an  active  heart,  and  high  pressure 
due  to  venous  obstruction. 

A  condition  very  similar  to  that  described,  but 
producing  a  capillary  pressure  high  relatively  to 
the  pressure  in  the  arteries — though  not  absolutely 
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high — is  seen  in  cases  of  failure  of  the  heart, 
when  that  organ  is  not  acting  sufficiently 
strongly  to  pass  the  blood  on  from  the  venous 
into  the  arterial  system.  Here  the  arterial 
pressure  becomes  lower  and  lower,  the  venous 
pressure  higher  and  higher,  and  along  with 
this  the  capillary  pressure  becomes  high  in 
relationship  to  the  arterial  pressure.  The  blood 
is  not  forced  through  these  channels,  and  con- 
gestion of  the  capillaries  and  dropsy  may  result. 

The  influence  of  gravity  plays  a  very  im- 
portant part  on  the  capillary  pressure,  since  it 
has  so  marked  an  influence  on  the  flow  of  blood 
in  the  veins.  When,  through  heart  failure, 
the  blood  is  not  properly  sucked  up  from  the 
inferior  extremities,  this  increased  pressure 
becomes  very  marked  indeed. 

?>rd.  But  the  pressure  in  the  capillaries  may 
also  to  a  certain  extent  be  varied  by  the  with- 
drawal of  water  from  the  body,  as  in  purgation 
or  diuresis,  or  by  the  addition  of  large  quantities 
of  fluid  to  the  blood.    The  venous  system  is, 
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FlQ.  139. — The  changes  in  blood  pressure  in  the  capillaries  pro- 
duced by  increasing  the  arterial  pressure  -  -  ,  and  by 

obstructing  the  venous  flow  —  .    A,  Arteries;  C, 

capillaries ;  V,  veins. 

however,  so  capacious  that  very  great  changes 
in  the  amount  of  blood  in  the  vessels  may  take 
place  without  materially  modifying  the  arterial 
or  capillary  pressure  while  affecting  temporarily 
the  venous  pressure. 

III.  Pressure  IN  THE  Veins. — The  pressure 
in  the  veins  is  so  low  that  it  may  best  be 
determined  by  a  water  manometer. 

In  the  veins  the  force  of  inflow  is  small ;  the 
resistance  to  outflow  is  nil.  Hence  the  pressure 
is  small,  and  steadily  diminishes  from  the  small 
veins  to  the  large  veins  entering  the  heart 
(Fig.  139). 

The  venous  pressure  may  be  modified  by 
variations  in  these  two  factors.  Constriction  of 
the  arterioles  tends  to  lower  the  venous  pres- 
sure, dilatation  to  raise  it.  On  the  other  hand, 
increased  heart's  action,  which  so  markedly 
tends  to  raise  arterial  pressure,  diminishes  the 
pressure  in  the  larger  veins,  because  the  blood 
is  thus  more  rapidly  driven  from  veins  into 
arteries,  and  because  the  heart,  which  in  its 
powerful  systole  drives  out  more  blood,  in  its 
diastole  sucks  in  more. 


Compression  of  the  thorax  has  a  very  marked 
effect  in  retarding  the  flow  of  blood  from  the 
great  veins  into  the  heart,  and  thus  tends  to 
raise  the  venous  pressure  and  to  lower  the 
arterial  pressure.  Venous  pressure  may  be 
temporarily  modified  by  the  loss  or  gain  of 
tvater. 

IV.  Pressure  in  the  Lymphatics. — No  exact 
determination  of  the  lymph  pressure  in  the 
tissue  spaces  has  been  made,  but  since  there  is 
a  constant  flow  from  these  spaces  through  the 
lymphatic  vessels  and  through  the  thoracic  duct 
into  the  veins  at  the  root  of  the  neck,  the  pres- 
sure in  the  tissue  spaces  must  be  higher  than 
the  pressure  in  the  great  veins. 

This  pressure  is  kept  up  by  the  formation  of 
lymph  from  the  blood,  and  from  the  cells  of  the 
tissues  {see  p.  10). 

B. — Flow  of  Blood 

The  flow  of  blood,  as  already  indicated,  de- 
pends upon  the  distribution  of  pressure,  a  fluid 
always  tending  to  flow  from  the  point  of  higher 
pressure  to  the  point  of  lower  pressure.  Since 
a  high  pressure  is  maintained  in  the  aorta  and 
a  low  pressure  in  the  veins  entering  the  heart 
and  in  the  cavities  of  the  heart  during  its 
diastole,  the  blood  must  flow  through  the 
circulation  from  arteries  to  veins. 

Velocity. — The  velocity  of  the  flow  of  a  fluid 
depends  upon  the  width  of  the  channel.  Since 
in  unit  of  time  unit  of  volume  must  pass  each 
point  in  a  stream  if  the  fluid  is  not  to  accumu- 
late at  one  point,  the  velocity  must  vary  with 
the  sectional  area  of  the  channel.  In  the  case 
of  a  river,  in  each  second  the  same  amount  of 
water  must  pass  through  the  narrowest  and 
through  the  widest  part  of  its  channel.  Now 
for  a  ton  of  water  to  get  through  any  point  in  a 
channel  one  square  yard  in  sectional  area  in  the 
same  time  as  it  takes  to  pass  a  point  in  a  channel 
ten  square  yards  in  area,  it  must  obviously  flow 
with  greater  velocity.  This  may  be  stated  in 
the  proposition  that  the  velocity  (V)  of  the 
stream  is  equal  to  the  amount  of  blood  passing 
any  point  per  second  (v)  divided  by  the  sectional 
area  of  the  stream  (S) — 


where  S  is  the  radius  squared  multiplied  by  the 
constant  3"  14. 

In  the  vascular  system  the  sectional  area  of 
the  aorta  is  small  when  compared  with  the 
sectional  area  of  the  smaller  arteries ;  while  the 
sectional  area  of  the  capillary  system  is  no  less 
than  700  times  greater  than  that  of  the  aorta. 
In  the  venous  system  the  sectional  area  steadily 
diminishes,  although  it  never  becomes  so  small 
as  in  the  corresponding  arteries,  and  where  the 
great  veins  enter  the  heart  it  is  about  twice  the 
sectional  area  of  the  aorta  (Fig.  140). 

This  arrangement  of  the  sectional  area  of  the 
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stream  gives  rise  to  a  rapid  flow  in  the  arteries, 
a  somewhat  slower  flow  in  the  veins,  and  to  a 
very  slow  flow  in  the  capillaries. 

The  suddenness  of  the  change  of  pressure  has 
a  certain  influence  on  the  rapidity  of  flow,  as  is 
well  seen  in  a  river.  If  the  water  descends 
over  a  sudden  declivity  to  a  lower  level  it 
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Fio.  140. — Diagram  ot  the  sectional  area  of  the  vascular  system, 
upon  which  the  velocity  of  the  flow  depends.  4 JJ.,  Arteries  ; 
C,  capillaries;  V.,  veins. 

attains  a  much  greater  velocity  than  if  the 
declivity  is  gentle.  In  the  first  case  the  change 
of  pressure  is  sudden,  in  the  second  case  it  is 
slow. 

Hence,  if,  from  any  cause,  the  pressure  is 
raised  at  any  point,  the  flow  will  tend  to  be 
more  rapid  from  that  point  onwards  till  the 
normal  distribution  of  pressure  is  re-established. 

Friction  has  also  a  certain  effect.  A  river 
runs  much  faster  in  mid-stream  than  along  the 
margins,  because  near  the  banks  the  flow  is  de- 
layed by  friction,  and  the  more  broken  up  and 
subdivided  is  the  channel,  the  greater  is  the 
friction  and  the  more  is  the  stream  slowed. 

When,  therefore,  in  the  capillary  system  the 
blood  stream  is  distributed  through  innumer- 
able small  channels,  the  friction  is  very  great, 
and  this  tends  to  dam  back  the  blood. 

The  velocity  of  flow  in  the  arteries  and  veins 
may  be  measured  by  various  methods,  of  which 
one  of  the  best  is  that  by  means  of  the 
stromuhr,  an  instrument  by  which  the  volume 
of  blood  passing  a  given  point  in  an  artery  or 
vein  in  a  given  time  may  be  determined. 

The  velocity  of  the  flow  in  the  capillaries 
may  be  measured  in  transparent  structures 
by  means  of  a  microscope  with  an  eye-piece 
micrometer.    The  velocity  of  the  blood  is — 

Carotid  of  the  dog  about  .  300  mm.  per  sec. 
Capillaries  about  .  .    0-5tolm.  „  „ 

Vein  (jugular)  about       .    150  mm.    „  ,, 

It  is  not  so  easy  to  give  definite  figures  for 
the  velocity  of  the  lymph  stream. 

Disturbance  of  any  of  the  factors  which 
govern  the  rate  of  flow  will  bring  about  altera- 
tions in  the  velocity  of  the  blood  in  arteries, 


capillaries,  and  veins.  Thus,  an  increased 
venous  pressure  by  leading  to  a  diminution  in 
the  diff'erence  of  pressure,  between  arteries  and 
veins,  will  materially  slow  the  blood  stream. 
Great  dilatation  of  the  arterioles  will  slow  the 
blood  stream  in  them ;  and  increased  viscosity 
of  the  blood,  by  increasing  friction  with  the 
vessel  wall,  will  also  slow  the  stream. 

Special  Characters  of  Blood  Flow. — (a) 
Arter'ies. — The  flow  of  blood  in  an  artery  is 
rhythmically  accelerated  with  each  ventricular 
systole.  This  is  due  to  the  pulse  wave.  As 
the  wave  of  high  pressure  passes  along  the 
vessels,  the  blood  tends  to  flow  forwards  and 
backwards  from  it — so  that  in  front  of  the  wave 
there  is  an  acceleration  of  the  stream,  and  be- 
hind it  a  retardation.  In  a  wave  at  sea  the 
same  thing  happens,  and  a  cork  floating  on  the 
surface  is  moved  forward  in  front  of  the  wave, 
and  again  backwards  after  the  wave  has  passed. 

{b)  Capillaries. — In  the  capillaries  the  flow  is 
uniform. 

(c)  Veins. — -In  most  veins,  too,  it  is  uniform, 
but  in  the  great  veins  near  the  heart  it 
undergoes  accelerations — 

\st.  With  each  diastole  of  auricle  and  ven- 
tricle. 

2nd.  With  each  inspiration. 

'ird.  By  muscular  action  squeezing  the  blood 
out  of  the  small  veins. 

In  all  vessels  the  blood  in  the  centre  of  the 
stream  moves  more  rapidly  than  that  at  the  peri- 
phery on  account  of  the  friction  between  the  blood 
and  the  vessels.  An  axial"  rapid  and  '^^peri- 
pheral" slow  stream  are,  therefore,  described. 
This  is  well  seen  in  any  small  vessel  placed 
under  the  microscope,  and  in  such  situations  it 
will  be  found  that,  while  the  erythrocytes  are 
chiefly  carried  in  the  axial  stream,  the  leuco- 
cytes are  more  confined  to  the  peripheral 
stream,  where  they  may  be  observed  to  roll 
along  the  vessel  wall  with  a  tendency  to  adhere 
to  it. 

When  from  any  cause  the  flow  through  the 
capillaries  is  brought  to  a  standstill,  the  leuco- 
cytes creep  out  through  the  vessel  wall  and 
invade  the  tissue  spaces.  This  is  the  process 
of  diapedesis,  which  plays  an  important  part  in 
inflammation. 

Special  characters  of  the  Circulation  in  certain 
situations 

1.  Circulation  inside  the  Cranium  (Fig.  141). 
■ — Here  the  blood  circulates  in  a  closed  cavity 
with  rigid  walls,  and  therefore  its  amount  can 
vary  only  at  the  expense  of  the  cerebro-spinal 
fluid.  This  is  small  in  amount,  and  permits  of 
very  small  variations  in  the  volume  of  blood. 
Increased  arterial  pressure  in  the  body  does  not 
therefore  increase  the  amount  of  blood  in  the 
brain,  but  simply  drives  the  blood  more  rapidly 
through  the  organ.  There  seems  to  be  no 
regulating  nervous  mechanism  connected  with 
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the  arterioles  of  the  brain,  and  the  cerebral 
pressure  simply  follows  the  changes  in  the 
general  arterial  pressure.  The  splanchnic  area 
is  the  great  regulator  of  the  supply  of  blood  to 
the  brain.  Since  the  cerebral  arteries  ai'e 
supported  and  prevented  from  distending  by 
the  solid  wall  of  the  skull,  the  arterial  pulse 
tends  to  be  propagated  into  the  veins.  In  these 
veins  the  respiratory  pulse  also  is  very  well 
marked. 

2.  Circulation  in  the  Ltmgs.  —  Vaso-motor 
nerves  seem  to  be  absent,  and  hence  drugs  like 


Fig.  141.— Scheme  of  the  circulation,  modified  from  Hill,  to 
illustrate  the  influence  of  the  various  extra-cardiac  factors 
which  maintain  the  flow  of  blood. 


adrenalin  fail  to  cause  a  constriction  of  the 
arterioles.  The  amount  of  blood  in  the  lungs 
is  regulated  by  the  blood  pressure  in  the 
systemic  vessels. 

3.  Circulation  in  the  Heart  Wall. — A  peri- 
pheral vaso-motor  mechanism  is  not  present  in 
the  arterioles  of  the  coronary  vessels  {see  also 
p.  18). 

4.  Circulatio7i  in  the  Spleen.  —  Here  the 
blood  has  to  flow  through  a  labyrinth  of  spaces 
in  the  spleen  pulp,  and  it  is  driven  on  by  the 
alternate  contraction  and  relaxation  of  the  non- 
striped  muscles  in  the  capsule  and  trabeculse 
{see  p.  9). 

Extra-cardiac  factors  maintaining  Circulation 
In  considering  the  flow  of  blood  through  the 
vessels  due  to  the  distribution  of  pressure  in 


arteries  and  veins,  it  must  be  remembered  that 
the  central  pump  or  heart  is  not  the  only  factor 
maintaining  it  (Fig.  141). 

The  thorax  in  the  movements  of  respiration 
is  a  suction  pump  of  considerable  power,  which 
draws  blood  into  the  heart  during  inspiration. 
While  the  auricles  may  be  regarded  as  the  cis- 
terns of  the  heart,  the  abdominal  blood-vessels 
are  the  great  blood  reservoir,  and  the  diaphragm 
contracting  in  inspiration  presses  the  blood 
from  this  reservoir  up  into  the  thorax  and 
heart.  When,  in  intermittent  muscular  exer- 
cise, the  abdominal  muscles  are  tightened  and 
the  respiratory  movements  of  the  thorax  are 
increased  in  the  panting  which  accompanies  it, 
the  blood  is  partly  pressed  and  partly  sucked 
from  the  abdomen  into  the  heart,  and  so  forced 
on  into  the  arteries.  Even  expiration  helps  in 
this,  for  the  blood  which  has  filled  the  vessels 
of  the  lungs  in  inspiration  is  driven  on  into  the 
left  side  of  the  heart  in  expiration.  The  blood 
is  thus  forced  on  into  the  arteries,  and  so  to  the 
muscles,  and  they,  by  their  alternate  contraction 
and  relaxation,  further  help  to  drive  it  on  to 
the  veins,  where  the  valves  prevent  any  back 
flow  during  relaxation  and  thus  accelerate  the 
circulation.  The  high  arterial  tension  thus 
produced  tends  to  drive  the  blood  through  the 
cranial  vessels.  The  benefit  of  intermittent  mus- 
cular exercise  on  the  circulation  is  thus  manifest. 

When,  on  the  other  hand,  some  sustained 
muscular  strain  has  to  be  undergone,  the 
thorax  is  fixed,  and  hence  (Is*)  the  pressure  on 
the  heart  and  thorax  organs  is  raised,  and  the 
increased  pressure  in  the  thorax  helps  to  sup- 
port the  heart  and  to  prevent  over-distension. 
The  abdominal  vessels  are  also  pressed  upon, 
and  the  sustained  contraction  of  the  limb 
muscles  tends  to  prevent  the  blood  flowing 
through  them.  It  is  thus  forced  to  the  central 
nervous  system  in  which  the  pressure  rises,  and 
if  a  weak  spot  in  the  vessels  is  present,  rupture 
is  apt  to  occur.  {2nd)  But,  if  the  effort  is  still 
further  sustained,  the  high  intra  -  thoracic 
pressure  tends  to  prevent  proper  diastolic  filling 
of  the  heart ;  blood  is  therefore  not  sent  on 
from  the  veins  into  the  arteries,  the  veins 
become  congested  and  the  arterial  pressure 
falls,  less  blood  goes  to  the  brain,  and  thus 
fainting  may  result. 

In  the  "head  down  position,"  the  accumu- 
lation of  blood  in  the  dependent  parts  is  pre- 
vented in  the  head  by  the  vessels  being  packed 
inside  the  skull,  and  in  the  right  side  of  the 
heart  by  the  supporting  pericardium. 

In  man  the  position  of  the  abdominal  reser- 
voir of  blood  at  a  lower  level  than  the  heart 
increases  the  work  of  that  organ.  For  this 
reason,  in  people  with  a  weak  heart,  the  sudden 
assumption  of  the  erect  position  may  lead  to  a 
failure  of  the  heart  and  to  fainting.  Especially 
is  this  the  case  when  the  abdominal  wall  is  lax, 
so  that  accumulation  of  blood  in  the  abdominal 
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vessels  is  not  prevented.  In  the  recumbent 
position,  when  the  reservoir  is  on  the  same  level 
as  the  pump,  the  work  is  much  easier. 

Fainting  is  a  sudden  loss  of  consciousness  pro- 
duced by  failure  in  the  supply  of  blood  to  the 
brain.  It  is  accompanied  by  loss  of  control 
over  the  muscles,  so  that  the  individual  falls  to 
the  ground.  It  may  be  induced  by  any  sudden 
lowering  of  the  arterial  blood  pressvire,  whether 
due  to  decreased  inflow  of  blood  or  to  decreased 
peripheral  resistance. 

Decreased  inflow  may  be  caused  by — (a)  Car- 
diac inhibition  brought  about  reflexly  (1)  by 
strong  stimulation  of  ingoing  nerves,  and  more 
especially  of  the  nerves  of  the  abdomen ;  (2)  by 
strong  stimulation  of  the  upper  brain  neurons, 
accompanied  by  changes  in  the  consciousness 
of  the  nature  of  emotions ; — (b)  Failure  of  the 
heart  to  pump  blood  from  veins  to  arteries 
against  the  force  of  gravity,  as  when  the  erect 
position  is  suddenly  assumed  by  people  with 
weak  hearts. 

Decreased  resistance  to  outflow  through 
sudden  dilatation  of  arterioles  may  result  from 
changes  in  the  upper  brain  neurons,  accom- 
panied by  emotional  states  and  also  in  digestive 
disturbances. 

However  induced,  the  angemic  state  of  the 
brain  leads  to  a  stimulation  of  the  cardiac  in- 
hibitory centre,  and  the  condition  is  thus  accen- 
tuated. The  cerebral  ansemia  is  accompanied 
by  pallor  of  the  face. 

The  treatment  consists  in  depressing  the  head 
to  allow  the  force  of  gravity  to  act  in  filling  the 
cerebral  vessels  and  in  giving  diffusible  stimu- 
lants to  increase  the  action  of  the  heart. 

The  Time  taken  by  the  Circulation 
This  was  first  determined  by  injecting  ferro- 
cyanide  of  potassium  into  the  proximal  end  of  a 
cut  vein,  and  finding  how  long  it  took  to  appear 
in  the  blood  flowing  from  the  distal  end.  From 
observation  in  the  horse,  dog,  and  rabbit,  it  ap- 
pears that  the  time  corresponds  to  about  twenty- 
seven  beats  of  the  heart,  so  that  in  man  it  should 
amount  to  about  twenty-three  seconds. 

Stewai't  has  investigated  the  rate  of  flow 
through  different  organs  by  injecting  salt  solu- 
tion into  the  artery,  and  by  detecting  its  appear- 
ance in  the  vein  by  the  change  in  the  electric 
conductivity  of  the  contents  of  the  vessel. 

Section  VI.  —  Supply  of  Nourishing  Mate- 
BiAL  to  the  Blood  and  Lymph,  and  Elimi- 
nation of  Waste  Matter  from  them. 
I.  Respiration. — If  an  animal  be  placed  in  a 
closed  chamber  filled  with  ordinary  atmospheric 
air  which  contains  by  volume  seventy-nine  parts 
of  nitrogen  and  twenty-one  parts  of  oxygen,  and 
if  the  air  be  examined  after  a  time,  it  will  be 
found  that  the  oxygen  has  diminished  in  amount, 
and  that  a  nearly  corresponding  amount  of  car- 
bon dioxide  has  been  added. 


The  same  thing  occurs  in  aquatic  animals — 
the  water  round  them  loses  oxygen  and  gains 
carbon  dioxide.  An  animal  takes  up  oxygen 
and  gives  off  carbon  dioxide.  This  is  the 
process  of  external  respiration. 

A.  External  Respiration 

I.  Respiratory  Mechanism. — In  aquatic  ani- 
mals the  mechanism  by  which  this  process  is 
carried  on  is  a  gill  or  gills.  Each  consists  of  a 
process  from  the  surface  covered  by  a  very  thin 
layer  of  integument,  just  below  which  is  a  tuft 
of  capillary  blood-vessels.  The  oxygen  passes 
from  the  water  to  the  blood  ;  the  carbon  dioxide 
from  the  blood  to  the  water. 

A  lung  is  simply  a  gill  or  mass  of  gills,  turned 
outside  in,  with  air  instead  of  water  outside  the 
integument.  While  in  aquatic  gill-bearing  ani- 
mals there  is  constantly  a  fresh  supply  of  water 
passing  over  the  gills,  in  lung-bearing  animals 
the  air  in  the  lung  sacs  must  be  exchanged  by 
some  mechanical  contrivance. 

The  lungs  consist  of  myriads  of  small  thin- 
walled  sacs  attached  round  the  funnel-like  ex- 
pansions in  which  the  air-passages  (infundibular 
passages)  terminate. 

Each  sac  is  lined  by  a  layer  of  simple  squam- 
ous epithelium,  supported  by  a  framework  of 
elastic  fibrous  tissue  richly  supplied  with  blood- 
vessels.   It  has  been  calculated  that,  if  all  the 


Fig.  142. — Scheme  of  the  distribution  of  a  bronchiole,  infun- 
dibular passage,  and  air  sacs  of  the  lung. 

air  vesicles  in  the  lungs  of  a  man  were  spread 
out  in  one  continuous  sheet,  a  surface  of  about 
100  square  metres  would  be  produced,  and  that 
the  blood  capillaries  would  occupy  about  75 
square  metres  of  this.  Through  these  vessels 
about  5000  litres  of  blood  would  pass  in  twenty- 
four  hours. 

The  larger  air-passages  are  supported  by 
pieces  of  hyaline  cartilage  in  their  walls,  but 
the  smaller  terminal  passages,  the  bronchioles, 
are  without  this  support,  and  are  surrounded 
by  a  specially  well-developed  circular  band  of 
non-striped  muscle  —  the  bronchial  muscle — 
which  governs  the  admission  of  air  to  the  in- 
fundibula  and  air  sacs. 

The  lungs  are  packed  in  the  thorax  round  the 
heart,  completely  filling  the  cavity. 

They  may  be  regarded  as  two  compound 
elastic-ivalled  sacs,  which  completely  fill  an  air- 
tight box  with  movable  walls — the  thorax — and 
communicate  with  the  exterior  by  the  windpipe 
or  trachea. 
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No  air  exists  between  the  lungs  and  the  sides 
and  base  of  the  thorax,  so  that  the  so-called 
pleural  cavity  is  simply  a  potential  space.  If 
the  thoracic  wall  be  punctured  so  that  this 
potential  pleural  cavity  is  brought  into  connec- 
tion with  the  air,  the  lungs  immediately  collapse 
and  occupy  a  small  space  posteriorly  round  the 
large  bronchi.  This  is  due  to  their  elasticity 
^Fig.  143). 

The  lungs  are  kept  in  the  distended  condition 
in  the  thoracic  cavity  by  the  atmospheric  pres- 
sure within  them. 

Their  elasticity  varies  according  to  whether 
the  organs  are  stretched  or  not.  As  they  col- 
lapse, their  elastic  force  naturally  becomes  less 
and  less ;  as  they  are  expanded,  greater  and 


Fig.  143. — Shows  the  distribution  of  pressure  in  the  thorax  with 
the  ohest  wall  iutact,  and  with  an  opening  into  the  pleural 
cavity,  (i)  indicates  the  atmospheric  pressure  of  760  mm. 
of  mercury  ;  30  is  the  elasticity  of  the  lungs  also  in  mm. 
of  mercury. 

greater.  Taken  in  the  average  condition  of 
expansion  in  which  they  exist  in  the  chest,  the 
elasticity  of  the  excised  lungs  of  a  man  is  capable 
of  supporting  a  column  of  mercury  of  about 
30  mm.  in  height,  so  that  they  are  constantly 
tending  to  collapse  with  this  force. 

But  the  iriside  of  the  lungs  freely  communi- 
cates with  the  atmosphere,  and  this,  at  the  sea 
level,  has  a  pressure  of  about  760  mm.  Hg. 
During  one  part  of  respiration  this  pressure 
becomes  a  few  mm.  less,  during  another  part  a 
few  mm.  more ;  but  the  mean  pressure  of  760 
mm.  of  mercury  is  constantly  expanding  the 
lung,  and  acting  against  a  pressure  of  only 
30  mm.  of  mercury,  tending  to  collapse  the 
lung. 

Obviously,  therefore,  the  lungs  must  be  kept 
expanded  and  in  contact  with  the  chest  wall. 

When  a  pleural  cavity  is  opened,  the  dis- 
tribution of  forces  is  altered,  for  now  the 
atmospheric  pressure  tells  also  on  the  outside 
as  well  as  on  the  inside  of  the  lungs  and  acts 
along  with  the  elasticity  of  the  organ.  So  that 
now  a  force  of  760  mm.  +  30  mm.  =  790  mm. 
acts  against  760  mm.,  causing  a  collapse  of 
the  lungs. 

In  the  surgery  of  the  thorax,  as  well  as  in 
the  physiology  of  respiration,  these  points  are 
of  great  importance. 

II.  Physiology.  —  The  process  of  external 
respiration  consists  of  two  parts — 

\st.  The  passage  of  air  into  and  out  of  the 
air  sacs. 


2nd.  The  interchange  of  gases  between  the 
air  in  the  air  vesicles  and  the  blood  in  the 
capillaries. 

A.  Passage  of  Air  into  and  out  of  the  Lungs 
This  is  brought  about — 

1st.  By  the  movements  of  respiration — 
breathing. 

2nd.  By  difltusion  of  gases. 

The  air  is  made  to  pass  into  and  out  of  the 
lungs  by  alternate  inspiration  and  expiration. 

1.  Movements  of  Respiration — A.  Inspiration. 
— During  this  act  the  thoracic  cavity  is  increased 
in  all  directions — lateral,  antero-posterior,  and 
vertical.  As  the  thorax  expands,  the  air 
pressure  inside  the  lungs  keeps  them  pressed 
against  the  chest  wall,  and  the  lungs  expand 
with  the  chest.  As  a  result  of  this  expansion 
of  the  lungs  the  pressure  inside  becomes  less 
than  the  atmospheric  pressure,  and  air  rushes 
in  until  the  pressure  inside  and  outside  again 
becomes  equal.  This  can  be  shown  by  placing 
a  tube  in  the  mouth  or  in  a  nostril  and  con- 
necting it  with  a  water  manometer. 

This  expansion  of  the  lungs  can  readily  be 
determined  in  the  vertical  direction  by  per- 
cussion, and  in  the  horizontal  planes  by 
measurement.  By  tapping  the  chest  with  the 
finger  over  the  lung  in  the  right  intercostal 
spaces,  a  resonant  note  is  produced,  while  if 
the  percussion  is  performed  below  the  level  of 
the  lung,  a  dull  note  is  heard.  If  the  lower 
edge  of  this  resonance  be  determined  before  an 
inspiration,  and  again  during  it,  it  will  be  found 
to  have  descended. 

As  a  result  of  inspiration,  the  form  of  the 
chest  is  markedly  modified,  the  change  being 
best  seen  in  transverse  sections.  In  expiration 
the  chest  in  transverse  section  is  an  elongated 
ellipse  from  side  to  side,  in  inspiration  it 
becomes  more  circular  (Fig.  144).  The  change 
from  side  to  side  and  from  behind  forwards 
is  best  marked  towards  the  lower  part  of  the 
chest,  less  marked  in  the  upper  part.  These 
changes  may  be  recorded  by  means  of  a  Cyrto- 
meter,  a  piece  of  flexible  gas -tubing  hinged 
behind,  so  that  it  can  be  modelled  to  the 
chest. 

The  change  from  above  downwards  cannot 
be  directly  seen,  but  it  is  indicated  by  a  forward 
movement  of  the  wall  of  the  abdomen.  It  will 
be  described  when  considering  the  mechanism 
by  which  it  is  brought  about. 

The  expansion  of  the  chest  in  inspiration  is 
a  muscular  act  and  is  carried  out  against  the 
following  forces — 

\st.  The  Elasticity  of  the  Lungs.- — To  expand 
the  lungs  their  elastic  force  has  to  be  overcome, 
and  the  more  they  are  expanded  the  greater  is 
their  elasticity.  This  factor  therefore  plays 
a  smaller  part  at  the  begiiming  than  towards 
the  end  of  inspiration. 

2nd.  The  Elasticity  of  the  Chest  Wall. — The 
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resting  position  of  the  chest  is  that  of  expira- 
tion. To  expand  the  chest  the  costal  cartilages 
have  to  be  twisted. 

3rd.  The  Elasticity  of  the  Abdominal  Wall. — 
As  the  cavity  of  the  thorax  increases  downwards, 
the  abdominal  viscera  are  pushed  against  the 
muscular  abdominal  wall,  which,  in  virtue  of 
its  elasticity,  resists  the  stretching  force. 

In  studying  how  these  changes  are  brought 
about  we  may  consider — 

\st.  The  Increase  in  the  Thorax  from  above 
downwards. 

This  is  due  to  the  contraction  of  the 
diaphragm  (Fig.  144). 

In  expiration  this  dome-like  muscle,  rising 


FiS.  144. — Vertical-tangential,  transverse,  and  vertical -mesial  sections  of  the  thorax 
in  inspiration  and  expiration. 


from  the  vertebral  column  and  from  the  lower 
costal  margin,  arches  upwards,  lying  for  some 
distance  along  the  inner  surface  of  the  ribs  and 
then  curving  inwards  to  be  inserted  into  the 
flattened  central  tendon,  to  which  is  attached 
the  pericardium  and  on  which  rests  the  heart. 

In  inspiration  the  muscular  fibres  contract. 
But  the  central  tendon  being  fixed  by  the 
pericardium  does  not  undergo  extensive  move- 
ment. The  result  of  the  muscular  contraction 
is  thus  to  flatten  out  the  more  marginal  part 
of  the  muscle  and  to  withdraw  it  more  or  less 
from  the  chest  wall — thus  opening  up  a  space, 
the  complemental  pleura,  into  which  the  lungs 
expand  (Fig.  144). 

The  existence  of  this  complemental  pleura 
is  of  great  importance  in  cases  of  accumulation 
of  fluid  in  the  chest,  for  the  fluid  may  collect 
and  push  down  the  diaphragm  without  materially 
altering  the  lower  margin  of  the  lungs.  | 

It  might  be  expected  that  this  contraction  of 
the  diaphragm  would  pull  inwards  the  chest 
wall — but  this  is  prevented  by  the  expansion 
of  the  thorax  in  the  lateral  and  antero-posterior 
diameters  as  a  result  of  the  mechanism  which 
has  next  to  be  considered.  Nevertheless  in 
young  children,  in  whom  the  chest  wall  is  soft, 
an  indrawing  of  the  chest  with  each  contraction 


of  the  diaphragm  may  occur,  and  may  lead  to 
permanent  distortion  of  the  thorax. 

2nd.  The  liicrease  in  the  Chest  in  the  antero- 
posterior and  lateral  diameters. 

This  is  brought  about  by  the  elevation  of  the 
ribs,  which  rotate  round  the  axis  of  their  attach- 
ments to  the  vertebral  column. 

To  understand  this,  the  mode  of  the  connec- 
tion of  the  ribs  to  the  vertebral  column  must 
be  borne  in  mind.  The  head  of  the  rib  is 
attached  to  the  bodies  of  two  adjacent  vertebrae. 
The  tubercle  of  the  rib  is  attached  to  the  trans- 
verse process  of  the  lower  of  these  vertebrse. 
From  this  the  shaft  of  the  rib  projects  outwards, 
downwards  and  forwards,  to  be  attached  in 
front  to  the  sternum  by  the  costal 
cartilage.  If  the  rib  is  made  to 
rotate  round  its  two  points  of 
attachment,  its  lateral  margin  is 
elevated  and  carried  outwards, 
while  its  anterior  end  is  carried 
forwards  and  upwards  {see  Fig. 
145). 

Further,  as  we  pass  from  above 
downwards,  each  pair  of  ribs 
forms  the  arc  of  a  larger  and 
larger  circle,  and  as  each  pair 
rises  it  takes  the  place  of  a  smaller 
pair  above.  In  these  ways,  the 
chest  is  increased  from  before 
backwards  and  from  side  to  side. 

The  first  pair  of  ribs  does  not 
undergo  this  movement ;  the  mo- 
tion of  the  second  pair  of  ribs 
is  slight,  but  the  range  of  move- 
ment becomes  greater  and  greater  as  we  pass 
downwards  until  the  floating  ribs  are  reached, 
and  these  are  fixed  by  the  abdominal  muscles. 
This  greater  movement  is  simply  due  to  the 
greater  length  of  the  muscles  moving  the  ribs. 
The  muscles  are 
chiefly  the  exter- 
nal intercostal 
muscles,  and 
these  may  be 
considered  as 
acting  from  the 
fixed  first  rib. 
Now,  if  the  fibres 
of  the  first  in- 
tercostal muscle 
are  one  inch  in 
length,  the  sec- 
ond rib  can  be 
raised,  say,  half 
an  inch.  The 

first  and  second  intercostals  acting  on  the  third 
rib  will  together  be  two  inches  in  length,  and  in 
contracting  they  can  raise  the  third  rib  through, 
say,  half  of  two  inches — i.e.  one  inch.  The 
first,  second,  and  third  intercostals,  acting  on 
the  fourth  rib,  are  three  inches  in  length,  and 
can  therefore  raise  this  rib  half  of  three,  or  one 


Fia.  145.— Shoves  the  movements  of  the 
ribs  from  their  position  in  expiration 
to  their  position  in  inspiration. 
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and  a  half  inches,  and  so  through  the  other 
ribs,  until  the  floating  ribs  fixed  by  the  ab- 
dominal muscles  are  reached. 

When  the  diaphragm  takes  the  chief  part  in 
inspiration  the  breathing  is  said  to  be  abdominal 
in  type — when  the  intercostals  chiefly  act  in 
raising  the  ribs  it  is  said  to  be  thoracic.  Ab- 
dominal breathing  is  best  marked  in  males — 
thoracic  in  females. 

Along  with  the  intercostal  muscles,  the  leva- 
tores  costarum  also  act  in  raising  the  ribs  and  in 
increasing  the  thorax  in  the  transverse  and 
antero-posterior  diameters. 

These  are  the  essential  muscles  of  inspiration, 
but  other  muscles  also  participate  in  the  act. 
In  many  individuals,  even  when  breathing 
quietly,  it  will  be  seen  that  the  nostrils  dilate 
with  each  inspiration.  This  is  due  to  the  action 
of  the  dilatores  narium,  which  contract  syn- 
chronously with  the  other  muscles  of  inspiration. 
Again,  if  the  larynx  be  examined,  it  will  be 
found  that  the  vocal  cords  slightly  diverge  from 
one  another  during  inspiration.  This  is  brought 
about  by  the  action  of  the  posterior  crico-ary- 
tenoid  muscles  (p.  50). 

Forced  Inspiration. — This  comparatively  small 
group  of  muscles  is  sufficient  to  carry  out  the 
ordinary  act  of  inspiration.  But,  in  certain 
conditions,  inspii-ation  becomes  forced.  A  forced 
inspiration  may  be  made  voluntarily,  often  it  is 
produced  involuntarily.  Such  forced  inspiration 
is  well  seen  in  patients  suffering  from  heart 
disease,  in  whom  the  blood  is  not  properly 
oxygenated,  and  by  whom  powerful  efforts  are 
made  to  get  as  much  air  into  the  lungs  as 
possible.  In  this  condition  every  muscle  which 
can  act  upon  the  thorax  to  expand  it  is  brought 
into  play.  The  body  and  spinal  column  are 
fixed  in  the  erect  position.  The  head  is  thrown 
back  and  fixed  by  the  posterior  spinal  muscles. 
The  arms  and  shoulders  are  fixed — usually  by 
holding  on  to  the  sides  or  arms  of  the  chair — 
and  every  muscle  which  can  act  from  the  fixed 
spine,  head  and  shoulder  girdle  upon  the  thorax 
is  brought  into  play.  Normally,  these  act  from 
the  thorax  upon  the  parts  into  which  they  are 
inserted  ;  now  they  act  from  their  insertion 
upon  their  point  of  origin.  The  sterno-mastoids, 
sterno-thyroids,  and  sterno-hyoids  assist  in  elevat- 
ing the  thorax.  The  serratus  magnus,  pectoralis 
minor,  and  upper  fibres  of  the  pectoralis  major, 
and  the  part  of  the  latissimus  dorsi  which  passes 
from  the  humerus  to  the  three  last  ribs,  also 
pull  these  structures  upwards.  The  facial  and 
laryngeal  movements  also  become  exaggerated. 

B.  In  Expiration  the  various  muscles  of  in- 
spiration cease  to  act,  and  the  forces  against 
which  they  contended  again  contract  the  thorax 
in  its  three  diameters — 

The  elasticity  of  the  Iwngs  is  no  longer  over- 
come by  the  muscles  of  inspiration,  and  the 
external  atmospheric  pressure  acting  along  with 
it  drives  the  chest  wall  inwards. 


The  elasticity  of  the  costal  cartilages  and — in 
the  erect  position — the  weight  of  the  chest  wall 
cause  the  ribs  again  to  be  depressed,  and  finally 
the  elasticity  of  the  abdominal  roall  drives  the 
abdominal  viscera  against  the  relaxed  diaphragm 
and  again  arches  it  towards  the  thorax,  squeezing 
its  marginal  portion  against  the  ribs  and  occlud- 
ing the  complemental  pleura. 

Experimental  evidence  shows  that  the  internal 
intercostals  contract  with  each  expiration,  and 
help  to  draw  the  ribs  downwards. 

Ordinary  expiration  is  thus  normally  mainly 
a  passive  act,  being  simply  a  return  of  the 
thorax  to  the  position  of  rest.  But  voluntarily, 
and,  in  certain  conditions,  involuntarily,  expira- 
tion may  be  forced.  Forced  expiration  is  then 
partly  due  to  the  above  factors,  and  partly  due 
to  the  action  of  muscles.  Every  muscle  which 
can  in  any  way  diminish  the  size  of  the  thorax 
comes  into  play. 

Chief  of  these  are  the  abdominal  muscles, 
which  by  compressing  the  viscera  push  them 
upwards  and  press  the  diaphragm  further  up 
into  the  thorax.  At  the  same  time,  by  acting 
from  the  pelvis  to  pull  down  the  ribs,  they 
decrease  the  thorax  from  side  to  side  and  from 
before  backwards. 

The  serratus  posticus  inferior  and  part  of  the 
sacro-lumbalis  pull  downwards  the  lower  ribs, 
and  the  triangularis  sterni  also  assists  in  this. 

By  this  constriction  of  the  thorax,  brought 
about  by  ordinary  or  by  forced  expiration,  the 
air  inside  is  compressed  and  the  pressure  raised. 
During  ordinary  expiration  the  highest  pressure 
reached  is  about  2  to  3  mm.  Hg,  in  forced  ex- 
piration about  80  mm. 

The  pressure  of  the  air  outside  is  less  than 
this,  and  the  air  inside  the  chest  is  driven  out. 

Special  Respiratory  Movements.  —  There  are 
several  peculiar  and  special  reflex  actions  of 
the  respiratory  muscles,  each  caused  by  the 
stimulation  of  a  special  district,  and  each  having 
a  special  purpose. 

Coughing. — This  consists  of  an  inspiration 
followed  by  a  strong  expiratory  effort  during 
which  the  glottis  is  constricted  but  is  forced 
open  repeatedly  by  the  current  of  expired  air. 
It  is  generally  due  to  irritation  of  the  respira- 
tory tract,  and  its  object  is  to  expel  foreign 
matters. 

Sneezing. —  This  is  generally  produced  by 
irritation  of  the  nasal  mucous  membrane,  and 
its  object  is  to  expel  irritating  matter.  It  con- 
sists in  an  inspiratory  act  followed  by  a  forced 
expiration  during  which,  by  contraction  of  the 
pillars  of  the  fauces  and  descent  of  the  soft 
palate,  the  air  is  forced  through  the  nose. 

Hiccough  consists  in  a  sudden  reflex  contrac- 
tion of  the  diaphragm  causing  a  sudden  in- 
spiration which  is  interrupted  by  a  spasmodic 
contraction  of  the  glottis.  Abdominal  irritation 
is  its  chief  cause.    It  is  allied  to  vomiting. 

Sighing  and  Yatvning  are  deep  involuntary 
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Via.  146.— Tlie  amount 
of  air  respired  in 
ordinary  respiration, 
and  in  forced  inspira- 
tion and  expiration. 


inspirations  which  serve  to  accelerate  the  circu- 
lation of  the  blood  when,  from  any  cause,  it 
becomes  less  active  (see  p.  38).  They  are 
probably  due  to  cerebral  ansemia,  which  they 
help  to  correct  by  increasing  the  general  arterial 
pressure. 

II.  Amount  of  Air  respired. — The  amount  of 
air  respired  is  different  in  ordinary  and  in  forced 
respiration. 

In  an  ordinary  respiration  about  300  c.cms. 

of  air  enter  and  leave  the 
chest.  That  is  called  the 
tidal  air.  Its  amount  varies 
with  the  size  and  muscular 
development  of  the  chest. 

By  a  forced  inspiration  a 
much  larger  quantity  of  air 
may  be  made  to  pass  into  the 
lungs  —  a  quantity  varying 
with  the  size  and  strength  of 
the  individual — but  on  an 
average  about  1500  c.cms. 

This  is  called  the  comple- 
mental  air. 

Bj'  forced  expiration  an 
amount  of  air  much  larger  than  the  tidal  can 
be  expelled,  an  amount  usually  about  the  same 
as  the  complemental  air,  and  called  the  reserve 
air. 

The  total  amount  of  air  which  an  individual 
can  draw  into  and  drive  out  of  his  lungs  is  a 
fair  measure  of  the  size  and  muscular  develop- 
ment of  the  thorax,  and  it  has  been  called  the 
vital  capacity  of  the  thorax.  This  vital  capacity 
may  be  measured  by  means  of  a  spirometer.  Its 
amount,  as  thus  indicated,  depends  a  good  deal 
upon  practice ;  the  instrument,  therefore,  can- 
not be  considered  as  of  much  practical  value, 
and  a  more  reliable  conclusion  as  to  the  vital 
capacity  may  be  arrived  at  by  measuring  the 
circumference  of  the  chest  in  expiration  and  in 
inspiration. 

Even  after  the  whole  of  the  reserve  air  has 
been  driven  out  of  the  chest,  a  considerable 
quantity  still  remains  in  the  air  vesicles,  its 
amount  depending  upon  the  size  of  the  chest, 
but  averaging  about  2000  c.cms.  This  is  called 
the  residual  air. 

This  very  important  point  must  always  be 
remembered,  that  the  air  taken  into  the  chest 
never  fills  the  air  vesicles,  and  that  air  is  never 
driven  completely  out  of  them.  The  air  in  them 
is  thus  not  changed  hy  the  movements  of  respira- 
tion, hut  hy  the  process  of  diffusion. 

III.  Intercha7ige  of  Air  in  the  Lungs  hy  Diffu- 
sion of  Gases. — It  has  been  shown  that  only  the 
air  in  the  trachea  and  bronchi  undergoes  ex- 
change in  mass,  but  that  the  air  of  the  vesicles 
is  not  driven  out  of  the  chest.  The  renewal  of 
this  air  depends  upon  the  diffusion  of  gases. 

If  two  gases  are  brought  into  relationship 
with  one  another  they  diffuse  and  tend  to 
form  a  mixture  uniform  throughout.    But  if,  at 


Fig.  147.— Shows 
the  course  of 
diffusion  of  oxy- 
gen into,  and  of 
carbon  dioxide 
out  of,  the  air 
vesicles. 


one  point  of  a  system,  one  gas  is  constantly 
being  taken  away  and  another  constantly  added, 
there  will  be  a  constant  diffusion  of  the  former 
tovjards  the  part  where  it  is  being  taken  up,  and 
a  constant  diffusion  of  the  latter  aiuay  from  the 
point  to  which  it  is  being  added.  Suppose  a 
tube  (Fig.  147)  containing  oxygen  and  carbon 
dioxide,  and  suppose  that  at  one 
end  of  the  tube  oxygen  is  con- 
stantly being  taken  up  and  carbon 
dioxide  constantly  given  off,  a 
diffusion  of  the  gases  in  the  direc- 
tion indicated  by  the  arrows  will 
continually  go  on,  and  thus  a  con- 
stant supply  of  oxygen  will  be 
conveyed  to  the  bottom  of  the 
tube,  while  carbonic  acid  will  con- 
stantly be  cleared  out.  This  is 
exactly  the  condition  in  the  lungs. 

The  lower  part  of  the  tube 
corresponds  to  the  air  vesicles — 
the  upper  part  to  the  air-passage 
in  which  the  air  is  constantly 
being  exchanged  by  the  move- 
ment of  respiration. 

The  mechanism  by  which  the 
gaseous  exchange  in  the  alveoli  is  carried  out 
is  thus  a  double  one. 

IV.  Breath  Sounds. — The  air  as  it  passes  into 
and  out  of  the  lungs  produces  sounds,  which 
may  be  heard  on  listening  over  the  thorax. 
The  character  of  the  breath  sounds  is  of  the 
utmost  importance  in  the  diagnosis  of  diseases 
of  the  lungs,  and  must  be  studied  practically. 

On  listening  over  the  trachea  or  over  the 
bifurcation  of  the  bronchi  behind  (between  the 
4th  and  5th  dorsal  vertebrte),  a  harsh  sound, 
something  like  the  guttural  ch  (German  ich), 
may  be  heard  with  inspiration  and  expiration. 
This  is  called  the  bronchial  sound. 

If  the  ear  be  applied  over  a  spot  under  which 
a  mass  of  air  vesicles  lies,  a  soft  sound,  some- 
what resembling  the  sound  of  gentle  wind  among 
leaves,  may  be  heard  throughout  inspiration, 
and  for  a  third  or  less  of  expiration.  This  is 
called  the  vesicular  sound. 

When  the  air  vesicles  become  consolidated  by 
disease,  the  vesicular  sound  is  lost  and  the 
bronchial  sound  takes  its  place.  The  cause  of 
the  vesicular  character  is  therefore  to  be  sought 
in  the  vesicles,  infundibula,  or  small  bronchi. 

The  cause  of  the  bronchial  sound  has  been 
determined  by  experiments  on  horses.  In  the 
study  of  the  cardiac  circulation  it  was  shown 
that  a  column  of  fluid — and  the  same  is  true  of 
a  column  of  air — moving  along  a  tube  of  uniform 
calibre,  or  with  the  calibre  only  slowly  changing, 
produces  no  sound.  Any  sudden  alteration  in 
calibre  produces  vibration  and  a  musical  sound, 
as  explained  on  p.  20.  The  first  sharp  con- 
striction of  the  respiratory  tract  is  at  the  glottis, 
and  it  is  here  that  the  bronchial  sound  is  pro- 
duced.   If  the  trachea  is  cut  below  the  larynx 
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and  drawn  freely  outwards,  the  bronchial  sound 
at  once  stops  and  the  vesicular  sound  becomes 
lower  and  less  distinct. 

The  cause  of  the  vesicular  sound  is  not  so 
satisfactorily  explained.  It  is  in  part  due  to 
propagation  of  the  bronchial  sound,  altered  by 
passing  through  vesicular  tissue ;  but  it  is  also 
probably  due  to  the  expansion  and  contraction 
of  the  air  vesicles  drawing  in  and  expelling  air, 
either  through  their  somewhat  narrow  openings 
into  the  infundibula,  or  through  the  narrow 
opening  of  the  infundibula  into  the  bronchioles. 
The  reason  why  the  sound  is  best  heard  during 
inspiration  may  be  that  the  sound  is  best 
condvicted  in  the  direction  of  the  air  stream 
(Fig.  142). 

V.  Rhythm  of  Respiration.  —  These  move- 
ments of  respiration  are  carried  on  in  a  regular 
rhythmic  manner.  Their  rate  varies  with  many 
factors  ;  but  the  average  number  of  respirations 
per  minute  in  the  adult  male  is  about  sixteen, 
or  about  one  to  every  four  or  five  beats  of  the 
heart.  The  rate  of  respirations  may  be  modiiied 
by  the  will,  and  therefore,  in  counting  the 
respirations  in  a  patient,  it  is  well  to  prevent 
his  being  aware  of  what  is  being  done.  Simi- 
larly, on  account  of  this  influence  of  the  upper 
part  of  the  brain,  the  respirations  should  not  be 
counted  while  the  patient  is  excited  or  nervous. 

The  most  important  factor  modifying  the  rate 
of  respiration  is  the  age  of  the  individual.  The 
following  table  gives  the  average  rate  at  different 
ages : — 

Under  1  year  .  .  44 
,,  5  years  .  .  26 
„     20    „  .        .  19 

Adult     ....  16 

The  other  modifications  in  the  rate  of  breath- 
ing will  be  better  understood  after  studying  the 
nervous  mechanism  of  respiration. 

In  these  respiratory  movements  the  phase  of 
inspiration  bears  a  certain  proportion  to  that  of 
expiration.  Inspiration  is  much  more  rapid 
than  expiration  (see  Fig.  149).  As  soon  as  in- 
spiration is  completed,  a  reverse  movement 
occurs,  which  is  at  first  rapid,  but  gradually 
becomes  slower,  and  may  be  followed  by  a  pause, 
during  which  the  chest  remains  in  the  collapsed 
condition.  The  existence  and  duration  of  this 
pause  varies  much,  and  it  may  really  be  con- 
sidered as  the  terminal  period  of  expiration. 
Considering  it  in  this  light,  we  may  say  that 
inspiration  is  to  expiration  as  6  is  to  7. 

VI.  Controlling  Mechanism  of  Respiration. — 
The  rhythmic  movements  of  respiration  require 
the  harmonious  action  of  a  number  of  muscles, 
and  this  is  directed  by  the  nervous  system. 

The  diaphragm  is  supplied  by  the  phrenic 
nerves  rising  from  the  third  and  fourth,  and 
partly  from  the  fifth  cervical  nerves.  The  in- 
tercostals  are  supplied  by  branches  from  their 
corresponding  dorsal  nerves. 


If  the  spinal  cord  be  cut  below  the  fifth 
cervical  nerve  the  intercostal  muscles  cease  to 
act.  If  the  section  is  made  above  the  third 
cervical  nerve,  the  diaphragm,  too,  is  paralysed, 
and  the  animal  dies  of  suffocation. 

Respiratory  Centre.  —  Obviously,  then,  there 
is  some  nervous  mechanism  above  the  spinal 
cord  presiding  over  these  muscles. 

Removal  of  the  brain  above  the  medulla 
oblongata  does  not  stop  the  respiratory  rhythm. 

The  mechanism  must,  therefore,  be  situated 
in  the  medulla  oblongata. 

If  the  medulla  is  split  into  two  by  an  incision 
down  the  middle  line,  respiration  continues,  but 
the  two  sides  do  not  always  act  at  the  same  i-ate. 
The  mechanism,  then,  is  bilateral,  but  normally 
the  two  parts  are  connected,  and  thus  act 
together. 

Destruction  of  the  part  of  the  medulla  lying 
near  the  root  of  the  vagus  arrests  respiration, 
and  it  may  therefore  be  concluded  that  the 
nervous  mechanism  presiding  over  this  act  is 
situated  there. 

It  must  not  be  imagined  that  this  centre 
sends  fibres  directly  to  the  miiscles  concerned  in 
respiration.  The  nerves  passing  to  these  come 
from  the  cells  in  the  grey  matter  of  the  spinal 
cord,  and  it  is  by  influencing  the  activity  of 
these  cells  that  the  respiratory  centre  controls 
the  act  of  respiration. 

Since  expiration,  when  forced,  is  a  complex 
muscular  act,  it  is  reasonable  to  suppose  that 
the  respiratory  centre  contains  two  parts — one 
presiding  over  inspiration,  one  presiding  over 
expiration.  While  the  inspiratory  centre  is 
constantly  in  rhythmic  action,  the  expiratory 
centre  is  only  occasionally  at  work. 

Mode  of  Action  of  the  Respiratory  Centre. — 
Both  parts  of  the  respiratory  centre  are  imder 
the  control  of  higher  nerve  centimes,  and  through 
these  they  may  be  thrown  into  action  at  any 
time,  or  even  prevented  from  acting  for  the 
space  of  a  minute  or  so.  But,  after  the  lapse  of 
this  period,  the  respiratory  mechanism  proceeds 
to  act  in  spite  of  the  most  powerful  attempts  to 
prevent  it. 

The  activity  of  the  centre  is  chiefly  regulated 
by  the  amount  of  CO^,  in  the  blood  going  to  it, 
and  everything  which  leads  to  an  increase  in 
the  C0.2  increases  the  activity  of  respiration. 
So  perfect  is  this  mechanism  that  the  percentage 
of  CO2  in  the  air  in  the  lungs  is  kept  very 
constant  in  different  conditions. 

This  is  probably  the  explanation  of  a  peculiar 
type  of  breathing,  known  as  Cheyne-Stokes 
breathing,  which  sometimes  occurs  in  heart 
disease  and  in  other  conditions,  when  the 
patient  stops  breathing  for  a  time,  then  begins 
to  breathe  first  quietly,  then  more  forcibly,  and 
after  several  respirations  again  with  decreasing 
depth  till  the  respirations  stop.  In  these  cases 
the  respiratory  centre  is  less  excitable  than 
usual,  and  is  called  into  action  only  when  COg 
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has  accumulated  in  the  blood.  After  this  ac- 
cumulation has  been  got  rid  of  by  the  forcible 
respirations  the  activity  of  the  centre  again 
wanes. 

Decrease  in  the  amount  of  oxygen  in  the 
blood  acts  in  the  same  way,  but  since  the 
amount  of  oxygen  in  the  arterial  blood  varies 
much  less  than  the  amount  of  CO2,  this  factor 
plays  a  less  important  part  in  regulating  breath- 
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Fig.  148.— Nervous  mechanism  of  respiration.  R.C.,  Respiratory  centre ;  Cm(., 
cutaneous  nerves;  Ph.,  plirenics;  In.C,  intercostal  nerves;  P.,  pulmonary 
branches  of  vagus;  S.L.,  superior  laryngeal  branch  of  vagus;  La.,  the  larynx; 
G.Ph.,  glossopharyngeal  nerve  ;  Diaph.,  diaphragm. 

ing.  At  high  altitudes  the  decrease  in  the 
pressure  of  oxygen  in  the  air  breathed,  leading 
to  its  decreased  amount  in  the  blood,  produces 
a  marked  increase  of  respiratory  movements. 

But  the  respiratory  centre  is  also  acted  upon 
by  various  ingoing  nerves. 

Vagus. — Since  the  vagus  is  the  ingoing  nerve 
of  the  respiratory  tract,  we  should  expect  it  to 
have  an  important  influence  on  the  centre 
(Fig.  148). 

Section  of  one  vagus  causes  the  respiration 

to  become  slower  and  deeper  ;  but  after  a  time 

the  effect  wears  off  and  the  previous  rate  and 

depth  of  respiration  is  regained  (Fig.  149). 
Section  of  both  vagi  causes  a  very  marked 

slowing  and  deepening  of  the  respiration, 

which  persists  for  some  time,  and  passes  off 

slowly  and  incompletely.     But  if,  after  the 

vagi  have  been  cut,  the  connection  of  the 

centre  with  the  iipper  brain  tracts  is  severed, 

the  mode  of  action  of  the  centre  changes. 

Instead  of  discharging  rhythmically,  it  may 

discharge  irregularly. 

To  investigate  further  this  influence  of  the 

vagus  it  is  necessary  to  study  the  effect  of 
stimulating  the  nerve. 

Strong  stimulation  of  the  pulmonary  branches 
of  one  vagus  (vagus  below  the  origin  of  the 
superior  laryngeal)  causes  the  respiration  to 
become  more  and  more  rapid,  the  inspiratory 
phase  being  chiefly  accentuated.  If  the  stimu- 
lus is  very  strong,  respirations  are  stopped  in 
the  phase  of  inspiration.  Weak  stimuli,  on  the 
other  hand,  may  cause  inhibition  of  inspiration. 

Such  experiments  prove  that  impulses  are 
constantly  travelling   from  the  lungs  to  the 


centre,  regulating  the  rhythmic  activity  of  the 
centre. 

How  do  these  impulses  originate  in  the  lungs  1 
Apparently  from  their  alternate  expansion  and 
contraction. 

If  the  lungs  be  forcibly  inflated — e.g.  with  a 
bellows — the  inspiration  becomes  feebler  and 
feebler,  and  finally  stops.  The  nature  of  the 
gas,  if  non-irritant,  with  which  this  inflation  is 
carried  out  is  of  no  consequence. 
If,  on  the  other  hand,  the  lungs 
be  collapsed  by  sucking  air  out 
of  them,  the  inspiration  becomes 
more  and  more  powerful,  and  may 
end  in  a  spasm  of  the  inspiratory 
muscles. 

This  shows  that  with  each  ex- 
piration a  stimulus  passes  up  the 
vagus  which  acts  upon  the  in- 
spiratory centre  to  make  it  dis- 
charge. The  vagus  is  thus  an 
excito-motor  nerve,  making  the 
centre  act  in  a  reflex  manner. 
With  each  collapse  of  the  lung 
the  vagus  is  thrown  into  action ; 
as  the  lungs  expand  it  ceases  to 
act,  and,  as  a  result,  the  inspira- 
tory centre  stops  acting,  the  muscles  of  inspira- 
tion cease  to  contract,  and  expiration  occurs. 

Action  of  other  Ingoing  Nerves  on  the  Respira- 
tory Centre. — The  upper  part  of  the  respiratory 
tract,  the  larynx,  receives  its  sensory  fibres  from 
the  vagus.  Section  of  the  superior  laryngeal 
branch  of  the  vagus  does  not  alter  the  rhythm 
of  respiration.    Stimulation  of  the  upper  end  of 
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Fig.  149.— Tracings  of  the  respirations — downstroke  is  inspiration  ; 
upstroke  is  expiration.  At  a  one  vagus  nerve  was  cut ;  at  6  the 
second  was  divided  ;  at  c  the  upper  brain  tracts  also  were  cut  off  ; 
d  and  d'  show  the  effect  of  stimulating  the  glossopharyngeal  nerve. 


the  cut  nerve  causes  first  an  inhibition  of  in- 
spiration, and,  if  stronger,  produces  forced 
expiratory  acts.  This  is  well  illustrated  by  the 
very  common  experience  of  the  effect  of  a 
foreign  body,  such  as  a  crumb,  in  the  larynx. 
The  fit  of  coughing  is  a  series  of  expiratory  acts 
produced  through  this  nerve. 

Another  set  of  visceral  nerves  having  an 
important  influence  on  the  respiratory  rhythm 
are  the  splanchnics.  When  these  are  stimu- 
lated inspiration  is  inhibited.    Everyone  has 
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experienced  the  "  loss  of  wind  "  as  the  result  of 
a  blow  on  the  abdomen. 

The  glossopharyngeal,  which  supplies  the 
back  of  the  tongue,  when  stimulated,  as  by  the 
passage  of  food  in  the  act  of  swallowing,  causes 
an  instant  arrest  of  the  respiratory  movements 
either  in  inspiration  or  expiration.  The  ad- 
vantage of  this  in  preventing  the  food  as  it  is 
swallowed  from  passing  into  the  trachea  is 
obvious  (Fig.  149,  d  and  d'). 

Stimulation  of  the  Cutaneous  Nerves  stimu- 
lates the  inspiratory  centre  and  causes  a  deep 
inspiration.  This  is  seen  when  cold  water  is 
dashed  upon  the  skin,  and  is  more  clearly 
demonstrated  in  animals  with  the  vagi  and 
upper  nerve  tracts  cut  across.  In  such  animals 
if  the  skin  be  touched  an  inspiratory  movement 
is  made. 

The  temperature  of  an  animal  also  acts  on 
the  respiratory  centre.  Increase  in  temperature 
accelerates  the  rate  of  the  heart — so,  too,  it 
accelerates  the  rate  of  the  respirations,  and  in 
about  the  same  proportion,  as  is  seen  in  feverish 
attacks,  where  pulse  and  respiration  are  pro- 
portionately quickened  so  that  their  ratio 
remains  unaltered.  When  the  respiratory  rate 
rises  out  of  proportion  to  the  rate  of  the  pulse, 
it  is  usually  an  indication  that  some  pulmonary 
irritation  is  present. 

VII.  Interaction  of  Circulation  and  Respira- 
tion.— The  lungs  and  heai-t  being  packed  tightly 
together  in  the  air-tight  thorax,  and  both 
undergoing  periodic  changes,  necessarily  in- 
fluence one  another.  At  the  same  time,  the 
close  proximity  of  the  respiratory  and  cardio- 
motor  centres  in  the  medulla  seems  to  lead  to 
the  activity  of  one  influencing  the  other. 

Influence  of  Respiration  on  Circulation. — The 
circulation  is  modified  in  two  ways  by  respira- 
tion. First,  the  rate  of  the  heart,  and  second, 
the  arterial  blood  pressure  undergo  alterations. 

\st.  Rate  of  Heart. — If  a  sphygmographic 
trace  giving  the  pulse  waves  during  the  course 
of  two  or  three  respirations  be  examined,  it  will 
be  found  that  during  inspiration  the  heart  is 
acting  more  rapidly,  while  during  expiration  its 
action  is  slower. 

If  the  vagus  be  cut  these  changes  are  not 
seen,  showing  that  the  inspiratory  acceleration 
is  not  the  result  simply  of  the  larger  amount  of 
blood  which  enters  the  heart  during  inspiration, 
but  is  really  due  to  changes  in  the  cardio-motor 
centre — the  accelerating  part  of  which  has  its 
activity  increased  during  inspiration,  while  the 
inhibitory  part  is  more  active  during  expiration. 
This  is,  therefore,  a  reflex  effect  from  the  lung 
through  the  vagus,  and  it  may  be  in  part  due 
to  the  proximity  of  the  centres  in  the  medulla. 

But  not  only  is  the  pulse  more  rapid  during 
inspiration  and  slower  during  expiration,  but 
the  waves  are  smaller  during  inspiration  and 
larger  during  expiration.  The  size  of  the  wave 
depends  much  upon  the  pressure  of  blood  in  the 


arteries,  and  this  change  in  the  pulse  thus 
leads  to  the  fuller  consideration  of  the  changes 
in  the  arterial  pressure  due  to  respiration. 

^nd.  Changes  in  Blood  Pressure. — If  a  tracing 
of  the  arterial  pressure  and  of  the  respiratory 
movements  be  taken  at  the  same  time,  it  is 
found  that  there  is  a  general  rise  of  pressure 
during  inspiration  and  a  general  fall  during 
expiration,  but  that  at  the  beginning  of  inspira- 
tion the  pressure  is  still  falling,  and  at  the 
beginning  of  expiration  it  is  still  rising.  This 
influence  of  respiration  on  arterial  pressure  is 
chiefly  a  mechanical  one,  depending  on  the 
variations  in  the  pressure  in  the  thorax  during 
inspiration  and  expiration. 

During  inspiration  the  pressure  in  the  thorax 
falls  to  below  the  atmospheric  pressure,  and 
thus  during  this  period  the  heart  and  great 
vessels  are  under  a  diminished  pressure.  This 
diminution  in  pressure  has  little  influence  on 
the  thick-walled  ventricles  and  arteries,  but 
tells  markedly  on  the  thin-walled  auricles  and 
veins.  In  these  there  occurs  a  diminution  in 
pressure,  which,  in  the  case  of  the  vena  cava, 
may  fall  below  an  atmospheric  pressure,  and  as 
a  result  an  increased  flow  of  blood  into  these 
vessels  from  the  veins  ovitside  the  thorax  takes 
place  (Fig.  141). 

But  when  more  blood  enters  the  heart  the 
activity  of  the  organ  is  increased,  and  more 
blood  is  pumped  through  it  into  the  arteries, 
and  the  pressure  in  these  rises.  This  explains 
the  great  rise  in  arterial  blood  pressure  during 
inspiration. 

During  expiration  the  pressure  in  the  thorax 
rises  to  above  the  atmospheric  pressure,  and 
thus  the  pressure  on  the  vessels  in  the  thorax 
is  increased.  This  tells  on  the  thin-walled 
veins  and  auricles ;  and  thus  the  flow  of  blood 
into  them  is  retarded  (Fig.  149),  and  less  blood 
passing  into  the  heart,  less  is  pumped  into  the 
arteries,  and  the  arterial  pressure  falls. 

This,  however,  does  not  explain  the  slight 
fall  of  pressure  at  the  beginning  of  inspiration, 
or  the  slight  rise  at  the  beginning  of  expiration. 
To  understand  these,  the  action  of  the 
pulmonary  circulation  has  to  be  taken  into 
account. 

As  inspiration  develops  the  lungs  are  dilated, 
and  the  capillaries  in  them  are  also  expanded. 
These  expanding  capillaries  require  more  blood 
to  fill  them.  They  are  situated  on  the  course 
of  the  blood  from  the  right  side  to  the  left  side 
of  the  heart,  and  thus  blood  is  retained  from 
this  stream  to  fill  them,  and  less  blood  passes 
on  into  the  left  side  of  the  heart,  and  out  into 
the  arteries,  and  a  small  fall  in  the  arterial 
pressure  occurs  at  the  beginning  of  inspiration 
(Fig.  149). 

Similarly,  at  the  beginning  of  expiration  the 
lungs  are  compressed  and  their  blood-vessels 
squeezed,  and  thus  the  blood  is  driven  out  from 
them.    Now,  this  blood  cannot  pass  back  into 
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b'IG.  150. — To  show  relations  of  cardio- 
pneumatic  movements,  ^4,  to  the 
cardiac  cycle,  B.  In  A  the  up- 
strokes are  expiratory,  the  down- 
strokes  inspiratory. 


the  right  side  of  the  heart,  so  it  must  pass  on 
into  the  left  side.  More  blood  is  thus  driven 
into  the  arteries,  and  the  pressure  rises.  As 
soon,  however,  as  the  excess  of  blood  has  been 
squeezed  out  of  the  lungs,  the  contracted  state 
of  the  vessels  further  retards  the  passage  of 

blood  to  the  left 
side  of  the  heart 
and  assists  in  dim- 
inishing the  ar- 
terial pressure. 

Influence  of  the 
Action  of  the  Heart 
on  Respiration. — 
The  heart  lies  in 
the  thorax  sur- 
rounded by  the 
elastic  lungs.  As 
it  contracts  and 
dilates  it  must 
alternately  pull 
upon  and  com- 
press the  lungs, 
and  thus  tend  to  cause  an  inrush  and  an  out- 
rush  of  air — the  cardio-pneumatic  movements. 

If  a  simultaneous  tracing  of  the  heart-beat 
and  of  the  movements  of  the  air  column  be 
taken,  it  will  be  seen  that  (1)  at  the  beginning 
of  ventricular  systole  there  is  a  slight  outrush 
of  air  from  the  lungs,  probably  caused  by  the 
blow  given  to  the  lungs  by  the  suddenness  of 
the  systolic  movement.  (2)  This  is  followed 
by  a  marked  inrush  of  air  corresponding  to  the 
outflow  of  blood  from  the  ventricles,  and  caused 
by  the  fact  that  the  contracting  ventricles  draw 
on  and  expand  the  lungs.  (3)  Succeeding  this 
is  a  slower  outrush  of  air  corresponding  to  the 
active  filling  of  the  ventricles  during  the 
beginning  of  ventricular  diastole.  (4)  Lastly, 
during  the  period  of  passive  diastole,  the  cardio- 
pneumatic  movements  of  air  are  in  abeyance. 

These  cardio-pneumatic  movements  are  of 
great  importance  in  animals  which  hibernate. 
During  their  winter  sleep  the  ordinary  respira- 
tions almost  stop,  but  a  sufficient  gaseous  inter- 
change is  kept  up  by  these  cardio-pneumatic 
movements. 

In  the  examination  of  the  heart  sounds  they 
must  be  borne  in  mind,  because,  if  there  is  any 
constriction  in  a  small  bronchus  near  the  heart, 
the  rush  of  air  through  it  may  give  rise  to  a 
murmuring  sound,  in  character  very  like  a 
cardiac  murmur  and  synchronous  with  the  heart's 
action.  On  making  the  patient  cough,  such  a 
murmur  at  once  disappears. 

B.  Interchange  between  the  Air  breathed  and 
the  Blood  in  the  Lung  Capillaries 
I.  Effect  of  Respiration  upon  the  Air  breathed. 
— To  determine  this,  some  method  of  analysing 
the  air  exhaled  must  be  employed.  For  this 
purpose  the  expired  air  is  caught  in  a  graduated 
vessel  in  which  its  amount  can  be  measured ; 
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then  a  measured  amount  is  forced  into  a  chamber 
containing  caustic  potash,  by  which  the  CO2  is  ab- 
sorbed, and  the  volume  of  air  is  again  measured. 
It  is  now  forced  into  a  chamber  containing 
pyrogallate  of  soda,  which  absorbs  the  oxygen 
and  is  again  measured.  The  residue  is  nitrogen. 
In  this  way  the  amount  of  the  gases  present  is 
determined. 

The  following  table  shows  the  average  per- 
centage composition  of  the  air  inspired  and  the 
air  expired  (Fig.  151) — 

Per  Cent  of  N.  0.  CO2. 

Inspired  air  .  .79  21  0 
Expired  air  .       .      79       17  4 

i.e.  about  4  per  cent  of  oxygen  is  taken  from  the 
air,  and  about  4  per  cent  of  carbon  dioxide  is 
added  to  it.  In  man  the  amount  of  carbon 
dioxide  given  off  is  smaller  than  the  amount  of 
oxygen  taken  up.    The  proportion  between  the 

is  called  the  Respiratory  Quotient, 

0  taken  up 

and  it  is  thus  less  than  unity — usually  about 
•8  to  "9 — that  is, 
for  every  five  vol- 
umes of  oxygen 
taken  up  only  four 
volumes  are  given 
off  in  carbon  di- 
oxide, the  remain- 
der being  com- 
bined with  hydrogen  to  form  water.  The 
various  factors  modifying  this  quotient  will  be 
considered  while  dealing  with  the  extent  of  the 
respiratoi-y  changes  (see  p.  49). 

Expired  air  is  saturated  with  watery  vapour, 
and  therefore  it  usually  contains  more  water 
than  inspired  air. 

Expired  air  also  contains  small  amounts  of 
organic  matter,  which  may  give  it  an  offensive 
odour.  These  may  possibly  be  to  a  small 
extent  formed  in  the  lungs,  but  they  are  to  a 
greater  extent  produced  by  putrefactive  change 
in  the  mouth  and  nose.  It  is  probable  that  the 
accumulation  of  these  products  in  the  air  is  one 
of  the  causes  of  tbe  injurious  effect  of  the  "foul 
air  "  in  overcrowded  spaces,  but  the  evidence  on 
this  point  is  inconclusive. 

Expired  air  is  usually  warmer  than  inspired 
air,  because  usually  the  body  is  warmer  than  the 
surrounding  atmosphere.  When,  however,  the 
temperature  of  the  air  is  higher  than  that  of  the 
body,  the  expired  air  is  cooler  than  the  inspired. 

This  may  be  illustrated  by  the  figures  of  an 
experiment — 

Temperature  of  Expired  Air. 

30°  C. 
37°  C. 

C.  38°  C. 

C.  38-5°  C. 


Fig.  151. — Shows  the  composition  of 
inspired  and  expired  air. 


Temperature  of  Inspired  Air. 

6-3°  C. 
17-19°  C. 
41° 

44° 


II.  Effect  of  Respiratio7i  on  the  Blood. — To 
understand  these  changes  in  the  air  we  must 
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Fig.  152. — Shows  the  difference  in 
the  gases  of  arterial  and  venous 
blood. 


refer  to  the  changes  in  the  gases  of  the  blood 
in  passing  through  the  lungs  (p.  6).  Analyses 
show  that  the  blood  going  to  the  lungs  is  poorer 
in  oxygen  and  richer  in  carbon  dioxide  than  the 
blood  coming  from  the  lungs  (Fig.  152).  Oxy- 
gen is  taken  hy  the 
blood  from  the  air, 
carbon  dioxide  is 
given  by  the  blood 
to  the  air. 

How  is  this  effect- 
ed'? The  extensive 
capillary  network 
in  the  walls  of  the 
air  vesicles,  if  spread  out  in  a  continuous  sheet, 
would  present  a  surface  of  about  75  square 
metres.  Between  the  blood  in  the  capillaries 
and  the  air  in  the  air  vesicles  are  two  layers 
of  living  cells — 

\st.  The  endothelium  lining  the  capillaries. 
2nd.  The  flattened  cells  lining  the  air  vesicles. 
Through  these  cells  the  interchange  of  gases 
must  take  place. 

The  interchange  might  take  place  in  two 
different  ways — 

\st.  By  simple  mechanical  diffusion. 
2nd.  By  some  special  action  of  the  cells. 
If  the  process  follows  strictly  the  laws  of 
simple  diffusion,  it  is  then  unnecessary  to  invoke 
the  activity  of  the  cells  as  playing  a  part.  But 
if  the  gaseous  interchange  does  not  strictly 
follow  these  laws,  we  must  conclude  that  the 
cells  do  play  a  part. 

To  determine  if  the  process  can  be  accounted 
for  by  diffusion,  it  is  therefore  necessary  to 
know— 

\st.  The  partial  pressure  or  tension  of  the 
gases  in  the  blood  going  to  and  coming  from 
the  lungs. 

2nd.  The  partial  pressure  of  the  gases  in  the 
air  in  the  air  vesicles. 

\st.  The  Partial  Pressure  of  the  Gases  in  the 
Blood. — Whether  a  gas  is  simply  dissolved  or 
whether  it  be  held  in  loose  chemical  combina- 
tion, the  amount  held  will  depend  upon  the 
temperature  of  the  fluid  and  upon  the  pressure 
of  the  gas  over  the  fluid.  If  the  temperature 
is  raised  the  fluid  will  hold  less  of  the  gas  in 
isolution,  and  any  chemical  combination  will 
tend  to  split,  as  is  seen  when  carbonate  of  lime 
is  heated  and  the  carbon  dioxide  is  driven  off. 

If  the  pressure  of  any  gas  over  a  fluid  be 
increased  it  will  be  taken  up  by  the  fluid,  if  it 
is  decreased  the  gas  will  tend  to  come  off  from 
the  fluid,  as  occurs  when  a  bottle  of  soda-water 
is  opened.  But  the  same  law  applies  to  such 
chemical  compounds  as  carbonate  of  lime.  If 
it  is  heated  in  ordinary  air — i.e.  under  a  low 
pressure  of  carbon  dioxide — the  gas  is  given  off; 
but  if  the  lime  is  in  an  atmosphere  of  CO,  the 
gas  does  not  come  off,  but  is  taken  up  and  the 
carbonate  is  formed. 

It  will  thus  be  seen  that  for  every  tempera- 


ture there  is  a  certain  pressure  of  the  gas  at 
which  the  solution  or  chemical  combination  will 
neither  give  off  nor  take  up  more  of  the  gas. 
This  may  be  determined  by  exposing  the  material 
in  a  series  of  chambers  to  air  containing  different 
proportions  of  the  gas,  and  ascertaining  by 
analyses  of  the  air  whether  the  gas  has  been 
given  off  or  taken  up,  or  has  remained  unaltered. 
The  presence  of  a  moist  membrane  between  the 
fluid  and  the  air  makes  no  difference  to  these 
interchanges. 

For  blood,  some  form  of  aerotonometer  is  used, 
an  instrument  in  which  blood  is  allowed  to 
trickle  through  a  tube  filled  with  air  of  known 
composition  till  the  tensions  of  the  gases  in  the 
blood  and  air  have  become  the  same.  The 
tension  is  then  determined  by  analysis  of  the 
proportions  of  the  gases  in  the  air  in  the  tube. 

We  know  that  the  pressure  of  gas  in  an  at- 
mosphere depends  upon  the  proportion  present. 
Suppose  an  atmosphere  contains  20  per  cent  of 
oxygen,  then  the  pressure,  or  partial  pressure, 
of  the  oxygen  is  got  by  multiplying  the  per- 
centage amount  of  the  gas  by  760 — i.e.  a  whole 
atmosphere's  pressure — and  dividing  by  100 — 

„  ,  20x  760 

Pressure  of  oxygen  =  — j^^^^ —  =  iSJ  mm. 

The  results  obtained  by  means  of  the 
aerotonometer  in  the  hands  of  different  investi- 
gators have  varied  very  widely. 

Another  method  of  arriving  at  the  tension 
of  oxygen  in  the  blood  has  been  devised  by 
Haldane.  It  depends  upon  the  fact  that  if 
haemoglobin  is  exposed  to  a  mixture  of  air  with 
a  trace  of  carbon  monoxide  in  it,  the  amount 
of  carbon  monoxide  taken  up  depends  upon  the 
oxygen  tension  —  the  greater  the  tension  of 
oxygen  the  less  CO  will  be  taken  up,  and  vice 
versa.  Therefore  if  a  person  be  allowed  to 
breathe  an  atmosphere  containing  a  known 
amount  of  CO,  the  amount  of  CO  taken  up 
by  the  blood  will  indicate  the  oxygen  tension 
in  the  blood. 

By  such  methods,  although  the  results  of 
different  observers  vary  so  greatly,  it  appears 
that  in  blood  going  to  the  lungs  the  0  tension 
may  be  as  low  as  20  mm.  Hg  and  the  CO., 
tension  as  high  as  40  mm.  Hg ;  and  that  in 
blood  coming  from  tlie  lungs  the  0  tension  is 
generally  well  over  100  mm.  Hg,  while  the 
COg  tension  varies  enormously,  but  is,  on  an 
average,  about  20  mm.  Hg. 

2nd.  Partial  Pressure  of  Gases  in  the  Air 
Vesicle. — The  air  in  the  alveoli  is  not  renewed 
by  direct  ventilation  from  without,  but  by  a 
process  of  diffusion  (p.  42).  For  this  reason 
the  amount  of  oxygen  in  the  alveoli  must  be 
much  smaller,  the  amount  of  carbon  dioxide 
much  larger,  than  in  the  respired  air. 

Haldane  has  devised  a  method  of  procuring 
samples  of  the  alveolar  air  for  analysis.  A  wide 
tube  is  fitted  with  a  measured  glass  bulb  near 
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one  end,  and  this  bulb  is  made  a  vacuum.  The 
end  of  the  tube  near  the  bulb  is  put  in  the 
mouth  and  the  person  under  observation 
breathes  through  it.  At  the  end  of  an  ordinary 
inspiration  he  expires  deeply  and  quickly 
through  the  tube,  and  by  opening  the  upper 


Mouthpiece 


Sa.mpling  Tube 


Fig.  153. — Haldane's  apparatus  for  determining  the  composition  of 
alveolar  air. 

stop-cock  collects  a  sample  of  the  expired  air. 
A  second  sample  is  taken  in  the  same  way  at 
the  end  of  a  normal  expiration.  The  mean  of 
these  samples  represents  the  average  composi- 
tion of  the  alveolar  air. 

By  the  use  of  this  method  it  has  been  found 
that  the  partial  pressure  of  the  0  varies  within 
wide  limits,  while  the  partial  pressure  of  the 
COg  remains  very  constant. 

Thus  at  the  top  of  Ben  Nevis  the  pressure 
of  oxygen  was  76  mm.  Hg ;  at  the  bottom  of 
a  mine  it  was  111  ;  while  in  both  places  the 
pressure  of  carbon  dioxide  was  about  42  mm. 

In  spite  of  these  wide  variations  in  the 
oxygen  pressure  in  alveolar  air  the  tension  of 
oxygen  in  the  blood  remains  about  the  same. 

The  difference  in  the  pressure  of  these  gases 
in  the  alveolar  air,  and  in  the  blood  going  to 
and  coming  from  the  lungs,  may  be  represented 
as  follows  in  mm.  Hg  : — 


Alveolar  Air 


Oxygen 
76  to  111 


Blood 


 1/ 

20 
Venous 


100-1- 
Arterial 


Carbon  Dioxide 
42 


is  not  due  entirely  to  diffusion^  hut  is  in  pa7-t, 
at  least,  brought  about  by  the  activity  of  the 
cells  lining  the  vessels  and  the  alveoli. 

It  should,  however,  be  stated  that,  in  spite 
of  these  figures,  some  physiologists  maintain 
that  simple  diffusion  will  explain  these  inter- 
changes— \st,  because,  when  the  amount  of 
oxygen  in  the  atmosphere  —  i.e.  when  the 
partial  pressure  of  0 — falls  below  a  certain 
point,  the  gas  is  no  longer  taken  up  by  the 
blood ;  and  2«c?,  because,  when  the  amount 
and  pressure  of  CO2  rises,  the  CO,  is  not 
given  off  from  the  blood. 

The  partial  pressure  of  oxygen  may  be 
reduced  to  a  half  without  interfering  with 
the  vital  processes  of  the  body,  and  for  this 
reason  it  is  possible  for  men  and  animals 
to  live  at  high  altitudes.    When  men  are  sud- 
denly subjected  to  a  very  marked  decrease 
of  pressure,  especially  if  they  have  to  do  mus- 
cular work,  as  in  climbing,  the  decreased  supply 
of  oxygen  leads  to  shortness  of  breath,  palpita- 
tion, and  even  to  sickness  (mountain  sickness). 
These  symptoms  soon  pass  off,  increased  pul- 
monary ventilation  and  increased  heart  action 
increasing  the  intake  of  oxygen.   Hence  residence 
in  high  altitudes  tends  to  increase  the  power  of 
the  respiratory  muscles  and  the  strength  of  the 
heart.    It  also  increases  the  richness  of  the 
blood  in  erythrocytes  and  in  haemoglobin. 

On  the  other  hand,  the  atmospheric  pressure 
may   be   enormously    increased    without  any 
change  in  the  metabolism.    In  a  diving-bell 
200  feet  under  water  a  pressure  of  5120  mm. 
Hg — seven  atmospheres — is  sustained.    As  a 
result  of  the  high  pressure  of  the  gases  of  the 
atmosphere  they  are  dissolved  in  large  quantities 
in  the  blood  and  tissues,  and  there  is  great 
danger  in  too  sudden  relief  of  pressure,  since 
this  may  cause  bubbles  of  gas  to  be  given  off 
in  the  vessels,  and  these  may  lead  to 
air  embolism  and  a  plugging  of  the 
smaller  vessels  (Caisson  disease). 


46 
Venous 


0-40 
Arterial 


This  shows  that  when  the  blood  reaches  the 
lungs  the  distribution  of  pressure  of  the  gases 
is  such  that,  by  the  laws  of  diffusion,  oxygen 
will  pass  fi'om  the  alveolar  air  into  the  blood 
and  carbon  dioxide  from  blood  to  air;  but 
that,  before  the  blood  has  left  the  lungs,  the 
distribution  is  such  that  oxygen  should,  by  the 
laws  of  diffusion,  pass  from  blood  to  lungs  and 
carbon  dioxide  from  lungs  to  blood,  which  is 
exactly  the  reverse  of  what  occurs.  The 
passage  of  oxygen  to  the  blood  and  the  passage 
of  carbon  dioxide  from  the  blood  is,  in  fact, 
much  greater  than  could  be  accounted  for  by 
diffusion. 

We  must  therefore  conclude  that  the  exchange 
of  gases  between  the  alveolar  air  and  the  blood 


B.  Internal  Respiration 
\st.  The  Passage  of  Oxygen  from 
Blood  to  Tissues. — -In  studying  the 
physiology  of  muscle,  which  may  be  taken  as  a 
type  of  all  the  active  tissues,  it  was  seen  that 
oxygen  is  constantly  being  built  up  into  the 
muscle  molecule,  and  that  the  living  tissues 
have  such  an  affinity  for  .[oxygen  that  they  can 
split  it  off  from  such  pigments  as  alizarin  blue. 
The  tension  of  oxygen  in  muscle  is  therefore 
always  very  low.  We  have  seen  that  the  tension 
of  oxygen  in  arterial  blood  is  nearly  100  mm.  Hg  ; 
therefore,  when  the  blood  is  exposed  to  a  low 
tension  of  oxygen  in  the  tissues,  the  oxygen 
comes  off  from  the  blood  and  passes  into  the 
tissues  by  the  ordinary  laws  of  diffusion. 

But  it  must  be  remembered  that  this  takes 
place  in  three  stages  : — 

(1)  The  tissue  elements  are  always  taking  up 
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oxygen  from  the  lymph,  because  of  the  very 
low  pressure  of  oxygen  in  the  protoplasm,  and 
because  the  protoplasm  has  an  affinity  for 
oxygen  as  for  other  nourishing  substances. 

(2)  As  a  result  of  this,  the  oxygen  pressure 
in  the  lymph  falls  and  becomes  lower  than  the 
oxygen  pressure  of  the  blood  plasma,  and  thus 
the  gas  passes  from  the  blood  through  the 
capillary  walls  to  the  lymph.  How  far  this  is 
simply  the  result  of  mechanical  diffusion,  and 
how  far  it  is  carried  on  by  the  vital  action  of  the 
endothelium  of  the  capillaries,  we  do  not  know. 

(3)  As  a  result  of  the  withdrawal  of  oxygen 
from  the  plasma,  the  partial  pressure  round  the 
erythrocytes  is  diminished,  and  tlie  blood  being 
at  a  high  temperature,  a  dissociation  of  oxyhse- 
moglobin  takes  place,  and  the  oxygen  passes  out 
into  the  plasma,  leaving  reduced  hsemogiobin  in 
the  erythrocytes. 

27id.  The  Passage  of  Carhon  Dioxide  from 
Tissues  to  Blood, — The  tissues  are  constantly 
producing  carbon  dioxide,  so  that  it  is  at  a  high 
tension  in  them — about  60  mm.  Hg.  In  the 
blood  the  carbon  dioxide  is  combined  with  the 
sodium  and  is  thus  at  a  low  tension.  Hence 
there  is  a  constant  passage  of  carbon  dioxide 
from  the  tissues  to  the  blood. 

C.  Extent  of  Respiratory  Interchange 

The  extent  of  the  respiratory  interchange  in 
the  lungs  is  governed  by  the  extent  of  the  in- 
ternal respiratory  changes — i.e.  by  the  activity 
of  the  tissues.  Every  factor  which  increases 
the  activity  of  the  metabolic  changes  in  the 
tissues  increases  the  intake  of  oxygen  and  the 
output  of  carbon  dioxide  by  the  lungs. 

It  may  be  studied  by  enclosing  an  animal  or 
a  man  in  an  air-tight  case  or  chamber  through 
which  air  of  known  composition  is  passed  in 
measured  quantity  and  analysed  as  it  is  with- 
drawn. This  may  be  done  by  making  the  air 
pass  through  vessels  containing  sulphuric  acid 
to  absorb  the  water  and  caustic  potash  to  fix 
the  COj,  and  absorbing  the  oxygen  by  pyro- 
gallate  of  soda. 

In  a  normal  man  under  average  conditions 
the  amount  of  exchange  in  twenty-four  hours  is 
about — 

Litres.  Grms. 

Oxygen  taken  .  .  540  770 
Carbon  dioxide  excreted  432  850 
Carbon  „  ...  230 

That  is,  in  one  hour,  on  an  average,  he  ex- 
cretes 20  litres  of  COg  and  absorbs  22  litres  of 
0.  The  rate  of  exchange  per  unit  of  weight  is 
more  active  in  the  child  than  in  the  adult. 

1.  Muscular  Work. — Since  muscle  is  the  most 
abundant  and  active  tissue  of  the  body,  muscu- 
lar work  more  than  anything  else  increases  the 
respiratory  changes  {see  vol.  vii.  p.  514). 

2.  Food. — The  taking  of  food  at  once  sets  up 
active  changes  in  the  digestive  apparatus.  The 

VOL.  VIII 


muscular  mechanism  is  set  in  action  and  the 
various  glands  secrete.  As  a  result  of  these 
processes  the  respiratory  interchange  is  at  once 
increased.  That  the  increase  is  dependent  upon 
the  increased  functional  activity  of  the  digestive 
organs  is  shown  by  the  fact  that  it  is  produced 
by  the  taking  of  substances  which  cannot  be 
absorbed  and  used  in  the  metabolic  processes  of 
the  body. 

But  while  the  immediate  increase  in  the  re- 
spiratory interchange  following  the  taking  of 
food  is  due  to  the  increased  activity  of  the 
digestive  structures,  there  is  also  an  increase 
due  to  the  utilisation  in  the  body  of  the  food 
taken.  Whether  proteins,  fats,  or  carbohy- 
drates, or  all  of  these,  form  the  diet,  more 
oxygen  is  consumed  and  more  carbon  dioxide 
is  given  off  than  during  starvation.  The  pro- 
portion between  the  oxygen  taken  and  the 
carbon  dioxide  excreted  is  not,  however,  the 
same  with  all  these  food-stufFs.  If  the  food  is 
rich  in  carbon  and  poor  in  oxygen,  a  greater 
quantity  of  oxygen  must  be  taken  to  oxidise  it 
than  if  it  is  rich  in  oxygen. 

The  chief  constituents  of  the  food  contain  the 
following  percentage  amounts  of  oxygen  and  of 
carbon  : — 

Oxygen.  Carbon. 
Carbohydrates       .       .53  40 
Proteins        ...    22  52 
Fats      ....    12  76 

Hence  on  a  carbohydrate  diet  the  respiratory 
CO 

quotient  (p.  46)         is  high,  about  0"9  to  1, 

while  on  a  fatty  or  protein  diet  it  is  low,  0"7 
to  0-8. 

3.  Temperature. — If  the  temperature  of  the 
body  be  increased,  the  metabolic  processes  be- 
come more  active  and  the  respiratory  inter- 
changes are  increased.  But  if  the  temperature 
of  the  air  round  the  body  be  elevated,  the  meta- 
bolic processes  may  be  diminished  in  activity, 
and  the  respiratory  exchange  decreased. 

4.  Light. — It  has  been  shown  that  light  in- 
creases the  metabolic  changes,  and  therefore  the 
respiratory  activity. 

5.  Slee2). — Since  in  sleep  the  animal  is  in  a 
condition  of  muscular  rest,  since  light  is  ex- 
cluded from  the  eyes  and  since  food  is  not 
taken,  the  respiratory  exchanges  are  less  active 
during  sleep  than  during  the  waking  hours. 
Similarly,  in  the  long  winter  sleep  of  certain 
animals  (hibernation),  these  factors,  as  well  as 
the  diminished  temperature  of  the  body,  cause 
a  great  reduction  in  the  intake  of  oxygen  and 
output  of  carbon  dioxide. 

It  is  thus  the  internal  which  governs  external 
respiration.  Merely  increasing  the  number  or 
depth  of  the  respirations  has  only  a  transient 
influence  on  the  amount  of  the  respiratory 
interchanges. 

Ventilation. — The  rate  of  gaseous  exchange 
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governs  the  necessary  supply  of  fresh  air.  It 
has  been  found  that  if  the  supply  is  insufhcient, 
headache  and  sleepiness  are  apt  to  supervene, 
and  experience  has  taught  that  each  adult 
should  have  2000  cubic  feet  of  fresh  air  per 
hour.  If  1000  cubic  feet  of  space  is  allowed  to 
each  individual,  the  ordinary  methods  of  ex- 
change of  air  —  through  the  chimneys  and 
through  chinks  in  windows  and  dooi's — should 
supply  this  quantity  of  air. 

Asphyxia. — This  is  the  condition  caused  by 
any  interference  with  the  supply  of  oxygen  to 
the  blood  and  tissues.  It  may  be  induced 
rapidly  and  in  an  acute  form  by  preventing  the 
entrance  of  air  to  the  lungs,  as  in  drowning  or 
suffocation,  or  by  causing  the  animal  to  breathe 
air  deprived  of  oxygen,  or  by  interfering  with 
the  flow  of  blood  through  the  lungs,  or  with 
the  oxygen-carrying  capacity  of  the  blood.  It 
is  slowly  induced  in  a  less  acute  form  when  the 
muscles  of  respiration  fail  as  death  approaches. 

In  acute  asphyxia  there  is  an  initial  stage  of 
increased  respiratory  effort,  the  breathing  be- 
coming panting,  and  the  expirations  more  and 
more  forced.  The  pupils  are  small,  and  the 
heart  beats  more  slowly  and  more  forcibly, 
while  the  arterioles  are  strongly  contracted,  and 
a  marked  rise  in  the  arterial  pressure  is  pro- 
duced. When  the  vagi  are  cut  the  slowing  of 
the  heart  does  not  occur.  Within  a  couple  of 
minutes  a  general  convulsion,  involving  chiefly 
the  nuiscles  of  expiration,  occurs.  The  intes- 
tinal muscles  and  the  muscles  of  the  bladder 
may  be  stimulated,  and  the  faeces  and  urine 
may  be  passed  involuntarily.  Then  the  respira- 
tions stop,  deep  gasping  inspirations  occurring 
at  longer  and  longer  intervals.  The  pupils  are 
dilated,  and  consciousness  is  abolished.  The 
heart  fails,  and  thus,  although  the  arterioles  are 
still  contracted,  the  pressure  in  the  arteries  falls. 
Finally,  the  movements  of  the  heart  cease  and 
death  supervenes. 

Voice 

In  connection  with  the  respiratory  mechanism 
of  many  animals,  an  arrangement  for  the  pro- 
duction of  sound  or  voice  is  developed.  This  is 
constructed  on  the  principle  of  a  wind  instru- 
ment, and  it  consists  of  (1)  a  bellows,  (2)  a 
windpipe,  (3)  a  vibrating  reed,  and  (4)  reso- 
nating chambers.  In  man  and  other  mammals 
the  bellows  are  formed  by  the  lungs  and  the 
thorax.  The  trachea  is  the  windpipe.  The 
vocal  cords  in  the  larynx  are  the  vibrating 
reeds,  and  the  resonating  chambers  are  the 
pharynx,  nose,  and  mouth. 

A.  Structure  of  the  Larynx. — The  points 
of  physiological  importance  about  the  structure 
of  the  larynx  are  the  following  : — 

1.  Cartilages  (Figs.  154,  155).— The  ring-like 
cricoid  (Cr.)  at  the  top  of  the  trachea  is  thick- 
ened from  below  upwards  at  its  posterior  part 
and  carries  on  its  upper  border  two  pyramidal 


cartilages  triangular  in  section — the  arytenoids 
(Ar.).  These  articulate  with  the  cricoid  by 
their  inner  angle.  At  the  outer  angle  the 
posterior  and  lateral  crico-arytenoid  muscles  are 
attached.  From  their  anterior  angles  the  vocal 
cords  arise  and  run  forward  to  the  thyroid. 


Fig.  154. — Side  view  of  the  cartilages  of  the  larynx.  Cr.,  Cricoid 
cartilage;  Ar.,  right  arytenoid  cartilage;  Th.,  thyroid  car- 
tilage. The  dotted  line  shows  the  change  in  the  position 
of  the  thyroid  by  the  action  of  the  crico-thyroid  muscle,  and 
the  stretching  of  the  vocal  cords  which  results. 

The  thyroid  cartilage  (Th.)  forms  a  large  shield 
which  articulates  by  its  posterior  and  inferior 
process  with  the  sides  of  the  cricoid,  so  that  it 
moves  round  a  horizontal  axis.  To  the  upper 
and  anterior  part,  the  epiglottis  or  cartilaginous 
lid  of  the  larynx  is  fixed. 

2.  Liga7nents. — The  articular  ligaments  re- 
quire no  special  attention.  The  true  vocal 
cords  are  fibrous  ligamentous  structures  which 
run  from  the  arytenoids  forward  to  the  posterior 
aspect  of  the  middle  of  the  thyroid.  They  con- 
tain many  elastic  fibres  and  are  covered  by  a 
stratified  squamous  epithelium  and  appear  white 
and  shining. 

The  vocal  cords  increase  in  length  as  the 
larynx  grows,  and  in  adult  life  they  are  gener- 
ally longer  in  the  male  than  in  the  female,  and 
the  whole  larynx  is  larger. 

3.  Muscles. — The  crico- thyroids  take  origin 
from  the  antero-lateral  aspects  of  the  cricoid, 
and  are  inserted  into  the  inferior  part  of  the 
lateral  aspect  of  the  thyroid.  In  contracting 
they  approximate  the  two  cartilages  anteriorly, 
and  render  tense  the  vocal  cords  (Fig.  154). 

The  crico-arytenoidei  postici  arise  from  the 
back  of  the  cricoid  and  pass  outwards  to  be 
inserted  into  the  external  or  muscular  process 
of  the  arytenoids.  In  contracting  they  pull 
these  processes  inwards,  and  thus  diverge  the 
anterior  processes  and  open  the  glottis  (Fig. 
155). 

The  crico-arytenoidei  laterales  take  origin 
from  the  lateral  aspects  of  the  cricoid,  and  pass 
backwards  to  be  inserted  into  the  muscular 
processes  of  the  arytenoids.  They  pull  these 
forward  and  so  swing  inwards  their  anterior 
processes  and  approximate  the  vocal  cords  (Fig. 
155). 
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A  set  of  muscular  fibres  run  between  the 
arytenoids — the  arytenoidei — while  other  fibres 
run  from  the  arytenoids  up  to  the  side  of  the 
epiglottis.  These  help  to  close  the  upper  orifice 
of  the  larynx. 

The  thyro-arytenoid  is  a  band  of  muscular 
fibres  lying  in  the  vocal  cords  and  running  from 
the  thyroid  to  the  arytenoids.  Its  mode  of 
action  is  not  fully  understood. 

4.  Mucous  Membrane.  —  The  mucous  mem- 
brane of  the  larynx  is  raised  on  each  side  into  a 
well-marked  fold  above  each  true  vocal  cord — 


Fig.  155.— Cross  section  of  the  larynx,  to  show  the  cricoid,  Cr.\ 
thyroid,  Th. ;  arytenoid  cartilages,  Ar.  The  continuous  line 
shows  the  parts  at  rest,  the  dotted  line  under  the  action  of 
the  lateral  crico-arytenoid  muscle,  and  the  dot-dash  line 
under  the  action  of  the  posterior  crico-arytenoid. 

the  false  vocal  cord.  Between  this  and  the  true 
cord  on  each  side  is  a  cavity — the  ventricle  of 
the  larynx.  The  other  folds  of  mucous  mem- 
brane, although  of  importance  in  medicine,  have 
no  special  physiological  significance. 

The  interior  of  the  larynx  may  be  examined 
during  life  by  the  laryngoscope. 

5.  Nerves. — The  muscles  of  the  larynx  are 
supplied  chiefly  by  the  recurrent  laryngeal 
branch  of  the  vagus  which  comes  off"  in  the 
thorax  and  arches  upwards  to  the  larynx.  On 
the  left  side,  where  it  curves  round  the  aorta,  it 
is  apt  to  be  pressed  upon  in  aneurismal  swell- 
ings. Paralysis  of  this  nerve  causes  the  vocal 
cord  on  that  side  to  assume  the  cadaveric  posi- 
tion, midway  between  adduction  and  abduction, 
and  makes  the  voice  hoarse  or  abolishes  it 
altogether.  The  superior  laryngeal  is  the  great 
ingoing  nerve,  but  it  also  supplies  motor  fibres 
to  the  crico-thyroid  muscle.  Paralysis  prevents 
the  stretching  of  the  vocal  cords,  makes  the 
voice  hoarse,  and  renders  it  impossible  to  pro- 
duce a  high  note. 

Centre. — These  nerves  are  presided  over  by 
{a)  a  centre  in  the  medulla.  When  this  is 
stimulated  abduction  of  the  vocal  cords  is 
brought  about.  (6)  This  centre  is  controlled 
by  a  cortical  centre  situated  in  the  inferior 


frontal  convolution.  Stimulation  of  this  causes 
adduction  of  the  cords  as  in  phonation,  while 
destruction  leads  to  no  marked  change. 

B.  Physiology.  —  When  a  blast  of  air  is 
forced  between  the  vocal  cords  they  are  set  in 
vibration  both  wholly  and  in  segments  like 
other  vibrating  reeds,  and  sounds  are  thus  pro- 
duced. These  sounds  may  be  varied  in  loudness, 
pitch,  and  quality. 

The  loudness  or  amplitude  of  vibration 
depends  upon  the  size  of  the  larynx  and  vipon 
the  force  of  the  blast  of  air  acting  on  the  cords. 

The  pitch,  or  number  of  vibrations  per 
second,  depends  upon  the  length  and  tension  of 
the  vocal  cords.  The  greater  length  of  tlie 
vocal  cords  in  the  male,  as  compared  with  the 
female,  makes  the  voice  deeper.  The  tension 
of  the  cords  may  be  varied  by  the  action  of  the 
crico-thyroid  muscle. 

The  power  of  varying  the  pitch  of  the  voice 
differs  greatly  in  different  people.  The  average 
difference  between  the  lowest  and  the  highest 
note  which  the  ordinary  individual  can  produce 
is  about  two  octaves. 

The  quality  of  the  sound  depends  upon  the 
overtones  which  are  made  prominent  by  reso- 
nance in  the  pharynx,  nose,  and  mouth.  By 
varying  the  shape  and  size  of  these  cavities, 
and  more  especially  of  the  mouth,  the  quality 
of  sound  may  be  considerably  altered. 

Singing  Voice. — This  is  often  classified  by  its 
average  pitch  and  by  its  quality  into  bass  and 
tenor  in  males,  and  contralto  and  soprano  in 
females. 

The  true,  or  chest,  voice  is  produced  by  a 
blast  of  air  from  the  chest  setting  the  cords 
into  vibration,  but  the  falsetto  voice,  which  is 
generally  higher  in  pitch  than  the  true  voice,  is 
probably  produced  by  vibrations  of  the  edges  of 
the  cords. 

Articulate  Speech. — Spoken  language  is  pro- 
duced by  varying  the  resonating  chambers  of 
the  pharynx,  nose,  and  mouth,  and  thus  modify- 
ing the  sounds  produced  in  the  larynx.  Whis- 
pered speech  is  produced  by  setting  in  vibration 
in  the  resonating  chambers  a  stream  of  air 
which  has  not  been  allowed  to  act  upon  the 
vocal  cords. 

In  articulate  speech  two  classes  of  sounds  may 
be  distinguished — (1)  Voivel  Soimds.  These 
are  musical  sounds  produced  by  a  blast  of  air 
which  is  so  modified  by  changing  the  shape  of 
the  mouth  as  to  accentuate  special  overtones 
and  thus  produce  the  well-known  a,  e,  i,  o,  u 
sounds  (Fig.  156). 

In  sounding  a,  the  mouth  resembles  a  funnel 
with  the  wide  part  forward. 

In  i,  it  may  be  compared  to  a  flask  with  the 
belly  behind  and  the  neck  forward. 

In  u,  the  flask  is  reversed,  the  belly  being 
forward. 

In  o,  the  mouth  is  intermediate  between  its 
position  in  u  and  a,  and  in  e  between  a  and  i. 
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(2)  Consonant  Sounds. — These  are  more  of 
the  nature  of  noises — irregular  vibi'ation.  They 
are  produced  either — (1)  at  tlie  lips,  (2)  between 
the  teeth  and  hard  palate  and  the  tongue,  or 

A  I 


(3)  at  the  soft  palate  and  back  of  the  tongue. 
At  these  situations  sounds  may  be  produced — 
(1)  by  closing  the  orifice  and  then  suddenly 
forcing  it  open,  (2)  by  sending  a  current  of 
air  over  a  narrowing  produced  at  one  of  these 
places,  (3)  by  setting  the  edges  of  the  narrowing 
in  vibration. 

When  the  mouth  is  closed  at  one  of  these 
situations  and  air  is  forced  through  the  nose, 
the  nasal  consonant  sounds  result. 

Thus,  according  to  their  mode  of  production, 
the  consonant  sounds  may  be  classified  into 
explosives,  aspirates,  vibratories,  or  nasals. 

II.  Food  and  Digestion 
/.  Food. — The  great  use  of  food  is  to  supply 
energy  to  the  body.  The  muscles  of  the  body 
are  constantly  active  ;  they  are  constantly  liber- 
ating energy  by  breaking  down  the  complex 
molecules  of  proteins,  fats,  and  carbohydrates, 
and  hence  a  constant  fresh  supply  of  such 
material  is  necessary  to  prevent  the  body  living 
on  its  own  matei'ial  and  wasting  away  (see  vol.  vii. 
p.  514).  During  the  growth  of  the  body,  too, 
the  material  from  which  it  is  to  be  built  up, 
and  the  energy  used  in  its  construction,  must  be 
supplied  by  the  food. 

Hence  a  suitable  food  is  one  which  will  yield 
the  necessary  amount  of  energy,  and  will  supply 
the  materials  necessary  for  repair  and  for  growth. 

But  food  must  also  supply  the  water  and  salts 
required  to  keep  the  various  constituents  of  the 
body  in  solution,  so  that  the  essential  chemical 
changes  may  go  on. 

Nature  of  Food 

Food  may  be  divided  into  foods  not  yielding 
energy  and  foods  yielding  energy. 

A.  Food-Sti(ffs  not  yielding  Energy.  —  1.  Water 
is  the  chief  constituent.  Since  it  is  daily  given 
off  in  large  quantities  by  the  kidneys,  lungs, 
skin,  and  bowels,  it  must  daily  be  supplied  in 
sufficient  amounts  or  the  chemical  changes 
cannot  go  on  and  death  supervenes. 

2.  Inorganic  Salts. — The  most  important  of 


these  is  sodium  chloride,  which  is  essential  for 
the  maintenance  of  the  chemical  changes  in  the 
body.  When  it  is  not  freely  supplied  in  the 
food,  it  is  retained  in  the  tissues,  and  hence 
animals  can,  when  necessary, 
live  with  a  comparatively 
small  supply. 

3.  Salts  of  Organic  Acids. 


— The  sodium  and  potassium 
salts  of  citric,  malic,  and  tar- 
taric acid,  which  are  found 
abundantlj^  in  various  vege- 
tables, when  taken  into  the 


{  tissues,  are  oxidised  into  car- 
^  bonates  which  are  strongly 
alkaline  salts.  The  proteins 
which  ai'e  decomposed  in  the 
body  contain  sulphur  and 
phosphorus,  and  these  are  oxidised  into  sulphuric 
and  phosphoric  acids.  In  herbivorous  animals 
the  prejudicial  effect  of  such  acids  is  counter- 
acted by  the  formation  of  these  alkaline  carbon- 
ates which  neutralise  the  acids.  In  carnivorous 
animals  these  salts  are  not  so  necessary,  since 
ammonium  is  formed  from  the  nitrogen  of  the 
proteins  in  sufficient  quantity  to  neutralise  the 
acids  produced-.  Man  occupies  a  position  mid- 
way between  the  herbivora  and  the  carnivora. 
The  amount  of  energy  yielded  by  the  breaking 
down  of  these  salts  into  carbonates  is  so  small 
that  it  is  of  no  importance. 

B.  Food-Stuffs  yielding  Energy. — These  are 
complex  combinations  of  carbon,  hydrogen,  and 
oxygen,  with  or  without  nitrogen,  sulphur, 
phosphorus,  and  iron.  They  are  of  the  same 
nature  as  the  materials  which  are  found  on 
analysis  of  dead  protoplasm.  They  are  com- 
monly spoken  of  as  the  Proximate  Principles  of 
the  food,  and  they  may  be  classified  as  follows  : — 

1.  Nitrogen-containing — Proteins  and  Sclero- 
proteins. 

2.  Non-nitrogenous — Fats  and  Carbohydrates. 
In  studying  the  value  of  these  food-stuffs  it 

is  necessary  to  consider  their  Energy  Value — 
that  is,  the  amount  of  energy  which  can  be 
yielded  by  the  decomposition  of  a  definite 
quantity  of  each  in  the  body. 

The  fats  and  carbohydrates  leave  the  body  as 
carbon  dioxide  and  water,  the  proteins  leave  it 
partly  as  carbon  dioxide  and  water,  partly  as 
urea  CO(NH.3)2. 

Such  a  body  as  glucose,  CgHjjOg,  by  being 
oxidised  to  CO,  and  H,,0,  gives  off  a  cei'tain 
amount  of  kinetic  energy,  and  the  amount  of 
energy  liberated  is  the  same  whether  the  oxida- 
tion is  direct  or  takes  place  through  any  of 
many  possible  lines  of  chemical  change. 

In  whatever  ways  a  chemical  substance  breaks 
down  into  certain  final  products,  the  energy  set 
free  is  always  the  same,  and  this  principle  is 
taken  advantage  of  in  determining  the  energy 
value  of  the  food-stuffs.  If  fats  and  carbohy- 
drates are  changed  to  carbon  dioxide  and  water 
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in  the  body,  and  if  the  energy  given  off  as  they 
undergo  this  change  can  be  measured  outside 
the  body,  their  energy  value  as  foods  can  be 
ascertained. 

Determination  of  Energy  Value. — This  is  done 
by  burning  a  definite  quantity  of  the  material 
and  finding  how  many  degrees  a  definite  quantity 
of  water  is  heated.  This  gives  the  energy  in 
heat  units,  and,  by  Joule's  law,  it  can  be  con- 
verted into  the  equivalent  for  any  other  kind 
of  energy,  such  as  mechanical  work. 

It  is  known  that  the  energy  required  to  heat 
one  kilogramme  of  water  through  one  degree 
Centigrade  is  sufficient  to  raise  423  kilograms 
of  matter  to  the  height  of  one  metre  against  the 
force  of  gravity,  and  thus,  if  the  energy  value 
of  any  material  as  a  producer  of  heat  is  known 
in  heat  units — kilogram  degrees  or  Calories — 
by  multiplying  by  423  we  get  the  value  in  work 
units — kilogram  metres  (kgms.). 

The  apparatus  used  for  ascertaining  the  heat 
produced  by  the  combustion  of  material  is  called 
a  calorimeter.  Many  different  forms  are  in  use, 
but  the  object  in  the  water  calorimeter  is  to 
secure  that  all  the  heat  is  used  in  raising  the 
temperature  of  a  known  volume  of  water. 

The  value  of  the  three  great  proximate  prin- 
ciples of  the  food  must  be  considered  in  detail. 

1.  Proteins. — The  chemistry  of  these  bodies 
has  been  already  considered  (vol.  vii.  p.  490). 
They  are  the  "  chief  substances "  of  living 
matter,  forming  about  80  or  90  per  cent  of  its 
dry  residue.  The  molecule  is  one  of  great  com- 
plexity, and  contains  C,  H,  0,  N,  S,  and  some- 
times P.  and  Fe. 

It  is  from  the  proteins  of  the  food  alone  that 
the  nitrogen  and  sulphur  required  in  the  con- 
struction and  repair  of  the  living  tissues  are 
obtained.  The  carbon  and  hydrogen  required 
are  also  contained  in  these  substances ;  and, 
as  will  be  presently  shown,  they  have  a  consider- 
able energy  value.  Hence  Proteins  form  the 
essential  organic  constituents  of  the  food.  Theo- 
retically it  should  be  perfectly  possible  for  an 
animal  to  live  on  proteins  alone,  with  a  suitable 
addition  of  water  and  salts. 

In  estimating  the  actual  energy  value  of 
proteins  in  the  body  a  difficulty  arises  in  the 
fact  that,  instead  of  being  decomposed  to  CO,,, 
HgO,  NHg,  SO3,  as  they  are  during  combustion 
in  the  calorimeter,  in  the  body  the  nitrogenoiis 
part  is  not  broken  down  further  than  to  urea — 
CO(NH2)2,  3  grms.  of  protein  yielding  1  grm. 
of  urea.  If  the  energy  value  of  the  complete 
combustion  of  a  definite  amount  of  proteins  is 
first  ascertained,  and  then  the  energy  value  of 
the  amount  of  iirea  derived  from  the  same 
amount  of  protein  determined,  by  subtracting 
the  latter  from  the  former,  the  energy  value  of 
proteins  in  their  decomposition  in  the  body  is 
found  (see  p.  54). 

The  combustion  of  1  grm.  of  protein  to  urea 
yields  4'1  Calories  of  Energy. 


2.  Sclero-proteins. — In  studying  the  chemistry 
of  the  formed  material  of  the  various  protecting, 
supporting,  and  connecting  tissues,  these  sub- 
stances have  been  considered  (see  vol.  vii.  p.  492). 

Keratin,  elastin,  and  mucin  seem  to  be  of  no 
importance  as  articles  of  food.  If  taken  in  the 
food  they  pass  through  the  alimentary  canal 
practically  unchanged. 

While  raw  collagen  seems  also  to  be  of  little 
use,  gelatin,  formed  by  boiling  collagen,  has  a 
certain  value.  Although  it  cannot  take  the 
place  of  proteins,  because  it  cannot  be  used  for 
building  up  the  living  tissues  of  the  body,  it  is 
nevertheless  decomposed  into  urea,  and  in  de- 
composing it  yields  the  same  amount  of  energy 
as  the  proteins.  It  has,  therefore,  a  definite 
though  restricted  value  as  a  food-stuff. 

3.  Fats. — The  chemistry  of  the  fats  has 
already  been  considered  (vol.  vii.  p.  498).  From 
the  fact  that  they  contain  so  little  oxygen  in 
proportion  to  their  carbon  and  hydrogen,  a  large 
amount  of  energy  is  liberated  in  their  combustion, 
and  therefore  they  have  a  high  energy  value  as 
food-stuffs. 

One  gramme  of  fat  yields  twice  as  much 
energy  as  the  same  amount  of  protein  or 
carbohydrate.  The  combustion  of  1  gramme 
of  fat  yields  9 '3  Calories  of  Energy. 

4.  Carbohydrates.  —  The  carbohydrates  — 
starches  and  sugars — form  a  group  of  bodies 
which  do  not  occur  largely  in  animals,  but  are 
abundant  constituents  of  plants. 

They  contain  carbon,  hydrogen,  and  oxygen, 
the  carbon  atoms  of  the  molecule  usually 
numbering  six  or  some  multiple  of  six,  and 
the  hydrogen  and  oxygen  being  in  the  same 
proportions  in  which  they  occur  in  water. 
They  are  aldoses  or  ketoses  and  derivations 
from  these,  of  the  hexatomic  alcohol,  CgH^^Og 
(p.  93).  A  group  of  carbohydrates  having  five 
carbon  atoms,  and  hence  called  Pentoses,  have 
been  found  in  the  animal  body,  but  they  are  of 
minor  importance. 

The  simplest  carbohydrates  are  the  monosac- 
charids,  of  which  dextrose,  the  aldose  of  mannite, 
is  the  most  important.  Dextrose  is  the  sugar 
of  the  animal  body.  It  has  been  called  glucose, 
grape  sugar,  and  blood  sugar. 

Closely  allied  to  dextrose  in  chemical  com- 
position is  the  ketose  Icevidose,  a  sugar  which, 
instead  of  rotating  the  plane  of  polarised  light 
to  the  right,  rotates  it  to  the  left,  but  which  in 
other  respects  behaves  like  dextrose.  It  occurs 
in  certain  plants,  and  in  the  foetus  and  foetal 
fluids  of  certain  animals. 

The  other  monosaccharid  of  importance  is 
galactose,  a  sugar  produced  by  the  splitting  of 
milk  sugar. 

These  monosaccharids,  when  boiled  with  a  solu- 
tion of  cupric  acetate  in  acetic  acid  (Barfoed's 
solution),  are  oxidised,  taking  oxygen  from  the 
cupric  salt  and  reducing  it  to  the  cuprous  state. 
When  boiled  with  caustic  potash,  they,  along 
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with  certain  of  the  double  sugars,  are  oxidised, 
and  if  a  metallic  salt  be  present  which  can 
readily  give  up  its  oxygen,  it  becomes  reduced, 
the  sugar  appropriating  the  oxygen.  On  this 
depends  Fehling's  and  many  other  tests  for 
glucose. 

Under  the  influence  of  yeast  they  split  into 
ethyl  alcohol  and  carbon  dioxide. 

They  also  form  crystalline  compounds,  osa- 
zones,  with  phenyl  -  hydrazin.  These  have 
proved  most  useful  in  distinguishing  diiferent 
sugars. 

By  the  polymerisation  of  two  monosaccharid 
molecules  with  the  loss  of  water,  disaccharids, 
or  double  sugars,  are  formed.  Thus,  two 
glucose  molecules  polymerise  to  form  one  maltose 
molecule. 

CeHi^Og  +  C,Hi,Oe  =  2(CeHi.O,;)  -  H,0 
=  CjoHgoOj-j^ 

Maltose  is  the  sugar  formed  by  the  action  of 
malt  and  other  vegetable  and  animal  zymins 
upon  starch.  By  the  action  of  dilute  acids  and 
other  agents  it  can  be  split  into  two  dextrose 
molecules.  Like  the  monosaccharids,  it  fer- 
ments with  yeast. 

Lactose,  the  sugar  of  milk,  is  a  disaccharid 
composed  of  a  molecule  of  dextrose  united  to 
a  molecule  of  galactose  with  dehydration.  It 
readily  splits  into  these  two  monosaccharids, 
but  does  not  ferment  with  yeast. 

Dextrose,  polymerising  with  Ifevulose,  yields 
cane  sugar,  and  this  sugar,  so  largely  used  as 
an  article  of  food,  can  be  split  into  dextrose 
and  Ifevulose.  It  does  not  reduce  Fehling's 
solution,  and  does  not  ferment  with  yeast. 
Under  the  action  of  mineral  acids  it  breaks 
down  into  its  component  sugars. 

By  further  polymerisation  of  monosacchai'ids 
with  the  loss  of  water,  molecules  of  greater  size 
are  produced  and  form  the  set  of  substances 
known  as  the  polysaccharids.  Among  the 
simplest  of  these  are  the  dextrins. 

Closely  allied  to  dextrins  are  the  inulins. 
But  while  dextrin  is  foi-med  of  dexti-ose  mole- 
cules, inulin  contains  kevulose  molecules.  Both 
are  formed  from  the  splitting  of  the  more  com- 
plex starches.  The  molecule  of  soluble  starch 
is  built  up  of  no  less  than  thirty  dehydrated 
monosaccharid  molecules,  and  has  a  molecular 
weight  of  9000.  Ordinary  starch  seems  to  have 
a  molecular  weight  of  20,000  or  30,000,  and 
hence  must  be  of  still  greater  complexity. 

These  polysaccharids  are  distinguished  from 
the  sugars  by  being  precipitated  from  their 
solutions  by  the  addition  of  alcohol.  They  are 
not  oxidised  when  boiled  with  caustic  jjotash, 
nor  do  they  change  to  alcohol  and  carbon  dioxide 
under  the  influence  of  yeast.  In  cold  neutral 
or  acid  solutions  most  of  them  strike  a  blue  or 
brown  colour  with  iodine.  By  boiling  with  a 
mineral  acid  and  by  the  influence  of  various 
ferments  they  break  down,  take  up  water,  and 


become  monosacchai'ids — -the  starches  yielding 
the  dextroses,  and  inulins  yielding  Isevulose. 

Glycogen  is  animal  starch.  It  gives  an 
opalescent  solution  and  strikes  a  brown  colour 
with  iodine. 

The  energy  value  of  the  carbohydrates  is 
about  the  same  as  that  of  the  proteins. 

Energy  Value  of  the  Proximate  Principles  of 
the  Food. — 1  gramme  of — • 

Protein  yields  .        .       .       4-1  Calories. 
Carbohydrate  yields        .       4*1  ,, 
Fat  yields       ...  9-3 

The  Sources  of  the  Various  Proximate 
Principles  of  the  Food 

The  proximate  principles  are  in  part  derived 
from  the  animal,  in  part  from  the  vegetable 
kingdoms.  While  some  races  procure  their  food 
entirely,  or  almost  entirely,  from  the  former, 
others  depend  almost  entirely  on  the  latter. 
The  vast  majority  of  mankind,  however,  use  a 
mixture  of  animal  and  vegetable  foods. 

Animal  foods  may  be  classified  as — 

1.  Milk  and  its  prodvicts,  Cream,  Butter,  and 
Cheese. 

2.  Flesh. 

3.  Eggs. 

1.  Mill: — The  white  colour  of  milk  is  due 
to  its  being  a  fine  emulsion  of  fat  globules  float- 
ing in  a  clear  plasma.  Hence,  when  the  cream 
is  removed,  milk  becomes  less  white  and  less 
opaque.  Its  specific  gravity  is  about  1030,  and 
in  man  and  herbivorous  animals  its  reaction  is 
alkaline. 

The  chief  protein  of  milk  is  caseinogen,  a 
nucleo-protein  with  a  very  small  amount  of 
phosphorus,  which  exists  as  a  soluble  calcic 
compound.  It  is  held  in  solution  in  milk,  but 
under  the  influence  of  various  agents  it  clots 
or  curds.  Its  calcic  compound  is  split  by  the 
action  of  acids,  and  casein  is  precipitated. 
Under  the  influence  of  rennet  caseinogen  splits 
into  whey  albumin  which  remains  in  solution, 
and  calcic  paracasein  which  is  insoluble  and 
separates  as  a  curd  containing  the  fat.  In  cow's 
milk  a  small  amount  of  an  albumin  is  also 
present. 

The  fats  of  milk  occur  as  small  globules  of 
varying  size  floating  in  the  fluid,  each  surrounded 
by  a  protein  envelope  which  must  be  removed 
by  means  of  an  alkali  or  an  acid  before  the  fat 
can  be  extracted  with  ether.  The  fats  are  chiefly 
olein,  with  smaller  quantities  of  palmatin  and 
stearin,  and  still  smaller  amounts  of  such  lower 
fats  as  butyrin,  capronin,  and  caprylin. 

The  carbohydrate  of  milk  is  lactose,  a  disac- 
charid, which  splits  into  dextrose  and  galactose. 
Under  the  action  of  various  micro-organisms  it 
is  split  to  form  lactic  acid,  thus  causing  the 
souring  of  milk. 

Phos2)horous  Compoimds. — In  addition  to  case- 
inogen, milk  contains  other  organic  phosphorous 
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compounds.  Among  these  are  lecithin  and  a 
compound  which  has  been  called  phosphocarnic 
acid,  the  constitution  of  which  is  not  fully 
understood.  In  human  milk  the  greater  part 
of  the  phosphorus  is  in  organic  combinations, 
while  in  cow's  milk  the  amount  in  inorganic 
compounds  is  much  greater. 

Milk  is  especially  rich  in  calcium  and  potas- 
sium, but  the  amount  of  iron  in  milk  is  very 
small,  and  therefore,  when  the  child  has  used 
up  the  store  of  iron  which  it  has  in  its  body  at 
birth,  it  is  necessary  to  replace  the  milk-diet  by 
foods  containing  more  iron. 

Cow's  milk  is  an  important  constituent  of 
the  diet.  Its  average  composition  compared 
with  human  milk  is  as  follows  : — 


Cow's. 

Human. 

Water  .... 

88-3 

88-8 

Proteins  .... 

3-0 

1-0 

Fats  .... 

3-5 

3-5 

Carbohydrates 

4-5 

6-5 

Salts  .... 

0-7 

0-2 

Butter  and  cream  are  simply  the  fats  of  the 
milk  more  or  less  completely  separated  from 
the  other  constituents. 

Cheese  is  produced  by  causing  the  coagulation 
of  the  casein,  which  carries  with  it  a  large 
amount  of  the  fats.  If  cheese  is  made  before 
the  removal  of  the  cream  it  is  rich  in  fats,  if 
after  the  removal  of  the  cream  it  is  poor  in  fats. 
Cheese  contains  between  25  and  30  per  cent  of 
protein,  and  between  10  and  30  per  cent  of  fat. 
It  is  as  a  source  of  protein  that  it  is  of  chief 
value. 

Cheese,  when  allowed  to  stand,  affords  a 
suitable  nidus  for  the  growth  of  micro-organisms 
by  the  action  of  which  the  proteins  are  digested 
into  peptones  and  simpler  bodies,  and  the  fats 
split  up  into  glycerine  and  the  lower  fatty  acids. 
These  free  fatty  acids  give  the  peculiar  flavour 
to  ripe  cheese.  The  lactose  is  in  part  converted 
into  lactic  acid. 

2.  Flesh. — Under  this  head  may  be  included 
not  only  the  muscles  of  various  animals,  but 
also  such  cellular  organs  as  the  liver  and  kidneys. 

When  free  of  fat,  they  contain  about  20  per 
cent  of  proteins.  These  are  chiefly  native 
proteins,  but  a  certain  amount  of  collagen  is 
also  present  which  yields  gelatin  on  boiling. 
The  amount  of  fat  may  vary  from  almost  nil 
in  white  fish  to  about  80  per  cent  in  fat  bacon. 
In  animals  specially  fed,  the  amount  of  fat  may 
be  enormously  increased,  and  even  ordinary 
butchers'  meat  may  have  more  fat  than 
protein. 

Flesh  is  thus  a  source  of  proteins  and  sclero- 
proteins,  and  to  a  smaller  extent  of  fats.  The 
extractives  include  such  bodies  as  creatin, 
xanthin,  inosit,  etc.  (vol.  vii.  p.  503),  which  may 


help  to  give  the  peculiar  flavour  to  the  flesh  of 
various  animals. 

Flesh  may  be  preserved  in  various  ways — e.g. 
by  simply  drying,  by  salting,  or  by  smoking. 
The  result  of  each  of  these  procedures  is  to 
diminish  the  amount  of  water,  and  thus  to 
increase  the  solids. 

3.  Eggs. — The  egg  of  the  domestic  fowl  need 
alone  be  considered  The  composition  of  the 
white  and  of  the  yolk  naturally  diff'ers  consider- 
ably. The  white  of  egg  is  nothing  more  than 
a  solution  of  proteins. 

In  the  yolk  there  is  a  very  large  amount  of 
lecithin  (p.  75)  along  with  ordinary  fats,  and 
a  lai'ge  amount  of  a  phospho-protein  ;  and  the 
great  value  of  eggs  is  thus  that  they  contain 
both  proteins,  ordinary  fats,  and  the  special 
phosphorus  containing  protein  and  fat.  The 
mixed  contents  of  the  egg  contains  a  little  more 
than  10  per  cent  each  of  proteins  and  of  fats. 

Speaking  generally,  we  may  say  that  the 
animal  food-stufls  are  rich  in  proteins  and  fats, 
but  are  poor  in  carbohydrates. 

Vegetahle  Food-Stuffs.  —  In  the  food  of  man, 
vegetables  play  as  important  a  part  as  animal 
products. 

The  peculiarity  of  special  importance  in  vege- 
tables is  the  existence  of  a  capsule  to  the  cells, 
composed  of  cellulose  —  a  siibstance  allied  to 
starch  in  its  composition,  but  which  is  very 
resistant  to  the  action  of  the  human  digestive 
juices,  and  thus  hinders  the  utilisation  of  the 
cell  contents.  In  order  that  these  may  be 
digested  and  absorbed  from  the  stomach  and 
intestine,  this  capsule  must  be  broken  down 
either  by  some  preparatoiy  treatment,  or  by 
the  teeth  in  the  act  of  chewing.  Although  of 
pi'actically  no  value  as  a  food-stuff,  it  acts  as  a 
natural  purgative  by  stimulating  the  intestines, 
and  is  of  great  value  in  keeping  up  the  regular 
action  of  the  bowels. 

I.  Cereals. — From  the  seeds  of  these,  meals 
and  flours  are  prepared. 

Oatmeal  contains  about  15  per  cent  of  pro- 
teins, about  6  per  cent  of  fats,  and  about  65 
per  cent  of  carbohydrates. 

Wheaten  flour  contains  about  10  per  cent  of 
proteins,  1  per  cent  of  fats,  and  75  per  cent  of 
carbohydrates. 

Ordinary  white  bread,  prepared  from  wheaten 
flour,  contains  only  about  7  per  cent  of  proteins 
and  55  per  cent  of  carbohydrates. 

The  proteins  of  these  cereals  are  mixtures 
of  various  globulins  which  differ,  in  certain 
of  their  characters,  from  the  animal  proteins. 
They  are  most  abundant  in  the  outer  part  of 
the  grain,  just  under  the  capsule. 

While  oatmeal  and  maize  contain  a  fair  pro- 
portion of  fat,  the  other  cereals  are  poor  in  this 
constituent. 

The  chief  constituents  of  all  these  seeds  are 
the  carbohydrates  stored  as  starch. 

II.  Legumens. — The  seeds  of  the  leguminosse 
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— peas,  beans,  and  lentils — are  valuable  con- 
stituents of  the  diet,  being  specially  rich  in 
proteins.  In  the  dry  state  they  contain  some- 
thing over  20  per  cent  of  proteins  and  about 
50  per  cent  of  carbohydrates.  The  Soy  bean 
of  Japan  contains  no  less  than  34  per  cent  of 
proteins  and  17  per  cent  of  fats,  with  34  per 
cent  of  carbohydrates. 

The  proteins  are  a  mixture  of  albvimins  and 
globulins  which  have  been  classified  together 
as  legumin. 

The  fats  are  generally  small  in  amount,  and 
the  carbohydrates,  though  abundant,  are  less 
so  than  in  the  cereals. 

III.  Bulbous  Plants. — The  underground  stems 
of  certain  plants  develop  tuberous  growths  in 
which  material  for  the  nourishment  of  the  plant 
is  stored.  These  plants  belong  to  dififerent 
natural  orders,  but  they  may  here  be  classified 
together.  The  most  commonly  employed  are 
potatoes,  turnips,  and  carrots.  The  amount 
of  proteins  is  small,  something  under  2  per  cent, 
while  the  carbohydrates  in  the  potato  reach  20 
per  cent,  but  in  other  tubers  only  about  10 
per  cent. 

Such  tubers  are  chiefly  valuable  as  a  source 
of  carbohydrates — though  they  also  contain  a 
small  proportion  of  proteins. 

IV.  Green  Vegetables. — Cabbage,  cauliflower, 
spinach,  lettuce,  etc.,  are  useful  additions  to 
the  diet,  but  their  value  as  a  source  of  the 
proximate  principle  of  the  food  is  not  great  on 
account  of  the  amount  of  water  they  contain. 

They  are  rich  in  the  potash  salts  of  the  organic 
acids,  the  importance  of  which  has  already 
been  discussed  (p.  52).  The  cellulose  forming 
the  walls  of  the  cells  in  the  young  and  gi-owing 
part  of  the  leaves  seems  to  be  capable  of  partial 
digestion  in  the  human  intestine. 

V.  Fungi. — Mushrooms  and  other  such  fungi 
do  not  constitute  a  sufhciently  important  part 
of  the  diet  to  require  attention. 

VI.  Fruits.  —  These  vary  considerably  in 
composition.  Most  are  rich  in  water  and 
carbohydrates,  poor  in  proteins,  and  contain 
practically  no  fat.  Their  great  value  lies  in 
the  amount  of  free  and  combined  organic  acids 
they  contain.  Bananas,  which  contain  about 
23  per  cent  of  soluble  carbohydrates,  may  be 
considered  as  a  food  of  some  importance,  while 
dried  fruits,  especially  dates  and  figs,  which 
contain  between  4  and  5  per  cent  of  proteins 
and  about  65  per  cent  of  carbohydrates,  are  of 
considerable  nutritive  value. 

VII.  Nuts. — These,  unlike  the  fruits,  ai-e  for 
the  most  part  poor  in  water  and  carbohydrates, 
but  rich  in  proteins  and  fats.  Chestnuts,  how- 
ever, contain  an  abundance  of  carbohydrates, 
and  a  smaller  proportion  of  proteins  and  fats. 

Cooking. — Few  of  these  food-stuffs  are  used 
by  civilised  man  in  a  raw  and  unprepared 
condition.  With  the  object  of  rendering  them 
more  palatable  and  more  easily  digested,  and 


also  in  order  to  destroy  bacteria,  they  are 
usually  cooked.  This  process  of  cooking  pro- 
duces important  changes  in  many  of  the  foods, 
and  its  effects  must  be  briefly  considered. 

Milk  and  its  products  are  practically  unaltered 
by  cooking. 

Flesh  is  cooked  either  by  exposing  it  directly 
to  heat  or  by  treating  it  with  boiling  water. 

Roasting,  grilling,  broiling,  and  frying  are 
modifications  of  the  former  method,  and  in  all 
of  them  the  heat  at  once  coagulates  the  proteins 
at  the  outer  part  of  the  piece  of  flesh,  and  thus 
forms  a  more  or  less  impermeable  covering, 
which  prevents  the  escape  of  the  juices  of 
the  meat.  Hence  these  methods  of  cooking, 
although  bringing  about  a  burning  of  the 
outer  layer  of  the  flesh,  leave  all  the  con- 
stituents in  only  slightly  altered  proportions. 

On  the  other  hand,  if  a  piece  of  flesh  be  put 
into  cold  water  and  boiled,  the  proteins,  the 
salts,  and  the  various  extractive  bodies  which 
give  it  its  flavour  are  extracted,  and,  as  the 
water  warms,  the  fats  also  are  dissolved  out, 
and  the  meat  becomes  poorer  in  these  con- 
stituents, while  the  surrounding  water  becomes 
a  soup.  In  this  soup  the  dissolved  proteins 
precipitate  as  the  temperature  rises,  and  when 
the  soup  is  cooled  they  rise  to  the  top  with  the 
fats,  and  are  generally  removed  as  a  scum. 
Hence  soups  are  poor  in  the  proximate  principles 
of  food,  but  rich  in  the  extractives  and  salts 
of  meat. 

If,  however,  the  piece  of  meat  to  be  cooked 
is  plunged  into  a  large  quantity  of  boiling  water, 
the  proteins  at  its  outer  part  at  once  coagulate 
and  form  a  covering  which  prevents  the  loss 
of  the  nutrient  material  which  occurs  when  the 
meat  is  slowly  boiled. 

Stewing  is  a  modification  of  boiling  by  which 
much  of  the  nutrient  material  of  meat  is  ex- 
tracted, but  this  is  served  as  a  gravy. 

It  is  in  vegetables,  however,  that  cooking 
is  of  the  greatest  importance,  since  by  it  the 
cellulose  envelopes  which  enclose  the  digestible 
portions  of  the  plant  are  ruptured. 

//.  Digestion 

I.  Structure  of  Alimentary  Canal. — The 
anatomy  and  histology  of  the  alimentary  tract 
must  be  studied  practically.  A  mere  outline 
of  the  various  structures  such  as  will  assist  in 
the  comprehension  of  their  physiology  is  given 
here.  The  Alimentary  Canal  (Fig.  157)  may 
be  divided  into  the  mouth,  the  oesophagus  or 
gullet,  the  stomach,  the  small  and  large 
intestines,  and  three  sets  of  supplementary 
structures — the  salivary  glands,  the  liver,  and 
the  pancreas. 

The  mouth,  provided  with  its  teeth,  and 
surrounded  by  its  mobile  muscular  wall,  with 
the  muscular  tongue  lying  in  its  floor,  is  the 
part  of  the  canal  in  which  the  food  is  broken 
up  and  prepared  for  digestion.    Into  the  mouth 
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three  pairs  of  compound  glands — -the  salivary 
glands — open.  The  parotid,  lined  entirely  by 
enzyme-secreting  epithelium,  opens  on  the  side 
of  the  cheek,  while  the  submaxillary  gland, 
composed  partly  of  acini  with  enzyme-secreting, 

and  partly  of 
acini  with  mucin- 
secreting  epi- 
thelium, and  the 
sublingual,  com- 
posed entirely  of 
mucin  -  secreting 
acini,  open  un- 
der the  tongue 
(S.G.). 

The  tongue  is 
covered  with  a 
fine  fur  of  pro- 
cesses, the  Jili- 
form  pap  nice, 
which  are  of  use 
in  passing  the 
food  backwards 
along  its  surface 
in  the  act  of 
swallowing. 
(For  Organs  of 
Taste,  see  vol. 
vii.  p.  531.) 

Posteriorly, 
the  mouth  opens 
into  the  pharynx 

Fia.  157.— Diagram  of  the  parts  of  the  (^''*-)  ^iPPei" 

alimentary  canal,  from  mouth  to  anus,  part  of  the  gul- 

r.,  Tonsils;  PA.,  pharynx  ;  S.tf.,  sali-  ipi  p„„l, 

vary  glands  ;  Oe.,  oisophagus  ;  C,  car-  •  ectoii 

diac;  Pi/-,  Pyloric  portion  of  stomach;  side,  between 

D,  duodenum;  Li.,  liver;  P.,  pan-  ,i                ,i  -, 

creas;  J.,  jejunum;  /.,  ileum;  1'.,  the    mOUth  and 

vermiform  appendix ;  Co;.,  colon  ;  i;.,  pharynx  is 

the  tonsil  {T.\ 
an  almond-like  mass  of  lymphoid  tissue.  The 
pharynx  is  a  cavity  which  can  be  shut  off  above 
from  the  posterior  nares  by  raising  the  soft 
palate,  and  by  pulling  forward  the  posterior 
pharyngeal  wall.  It  is  surrounded  by  three 
constrictor  muscles,  which,  by  contracting  from 
above  downwards,  force  the  food  down  the 
gullet,  towards  the  stomach. 

The  oesophagus  (Oe.)  is'  a  muscular-walled 
tube  lined  by  a  stratified  squamous  epithelium. 
The  muscles,  below  the  lowest  constrictor  of 
the  pharynx,  are  of  the  visceral  type,  and  are 
arranged  in  two  layers,  an  outer  longitudinal 
layer  and  an  inner  circular  layer. 

The  stomach  is  a  dilatation  of  the  alimentary 
canal  into  which  the  gullet  opens.  To  the  left 
it  expands  into  a  sac-lik9  cardiac  end  (C),  and 
to  the  right  it  narrows,  forming  the  pyloric 
end  (Py.).  Like  the  gullet,  it  is  surrounded 
by  visceral  muscular  fibres,  arranged  essentially 
in  two  sets.  At  the  cardiac  orifice,  the  circular 
fibres  form  a  not  very  marked  cardiac  sphincter, 
and  at  the  pyloric  end  they  form  a  very  thick 
and  strong  pyloric  sphincter. 


The  mucous  membrane,  which  is  covered  by 
a  columnar  epithelium,  is  largely  composed  of 
tubular  glands,  those  at  the  cardiac  end  con- 
taining two  kinds  of  cells,  the  peptic  and  the 
oxyntic  cells,  those  at  the  pyloric  end  containing 
peptic  cells  alone. 

The  Small  Intestine  is  a  tube  of  about  7 
metres  in  length.  It  has  a  double  muscular 
coat  like  the  stomach.  The  mucous  membrane, 
which  is  covered  by  a  columnar  epithelium,  is 
thickly  set  with  simple  test-tube-like  glands — - 
LieberMihn' s  follicles  —  and  is  projected  into  the 
lumen  of  the  tube,  as  a  series  of  delicate  finger- 
like processes,  the  villi.  The  tissue  of  the  villi 
and  that  between  the  Lieberklihn's  follicles  is 
chiefly  lymphoid,  and  in  certain  places  this 
lymphoid  tissue  is  massed  in  nodules  which  are 
either  placed  singly  or  grouped  together  in  the 
lower  part  of  the  small  intestine  to  form  Peyer's 
patches.  In  the  first  part  of  the  small  intestine 
— the  upper  part  of  the  duodenum  (Z>.) — the 
submucous  layer  is  full  of  small  branching 
glands  lined  by  an  enzyme-secreting  epithelium 
(Brunner's  glands). 

The  Large  Intestine  is  about  2  metres  in 
length.  The  small  intestine  enters  it  at  one 
side,  and  the  opening  is  guarded  by  a  muscular 
sphincter  and  by  a  fold  of  mucous  membrane 
which  forms  the  ileo-cpecal  valve.  Above  tlie 
opening  of  the  small  intestine  a  C£ecal  pouch 
exists,  and  at  the  top  of  this  is  the  vermiform 
appendix  {V.),  a  narrow  tube  with  an  abundance 
of  lymph  tissue  in  its  wall.  Below  the  opening 
of  the  small  intestine  is  the  colon  {Col.),  which, 
after  passing  up  the  right  side  across  the  abdo- 
men and  down  the  left  side,  takes  an  S-like  bend 
to  end  in  the  rectum  (R.),  which,  passing  for- 
ward, suddenly  turns  down  and  opens  at  the 
anus.  The  sudden  bend  is  of  importance  in 
retaining  the  contents  of  the  rectum.  The  last 
part  of  the  rectum  is  surrounded  by  a  strong 
band  of  muscle — the  internal  sphincter  ani — by 
which  it  is  compressed.  The  whole  large  in- 
testine is  covered  by  columnar  epithelium,  and 
is  studded  with  Lieberklihn's  follicles,  in  which 
the  epithelium  is  chiefly  mucus-secreting  in 
type.  There  are  no  villi.  The  muscular  coat 
of  the  colon  differs  from  that  of  the  rest  of  the 
alimentary  canal  in  that  the  longitudinal  fibres 
are  arranged  in  three  bands. 

Into  the  duodenum,  the  bile  duct  and  the 
duct  of  the  pancreas  open.  The  bile  duct  is 
formed  by  the  union  of  the  ducts  from  the  lobes 
of  the  liver.  Upon  its  course  is  a  diverticulum, 
the  gall  bladder.  The  Liver  (Li.)  is  a  large  solid 
organ,  formed  originally  as  a  double  outgrowth 
from  the  alimentary  canal.  Each  of  these  out- 
growths branches  repeatedly,  and  the  blood 
coming  from  the  mother  to  the  foetus  flows  in 
a  number  of  capillary  channels  between  the 
branches.  Later,  when  the  alimentary  canal 
has  developed,  the  blood  from  it  is  streamed 
between  the  liver  tubules.    In  man  and  in  other 
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mammals  the  fibrous  tissue  supporting  the  liver 
cuts  it  up  into  a  number  of  small  divisions,  the 
lobules,  each  lobule  being  composed  of  a  series 
of  obliterated  tubules  an-anged  radially  with 
blood-vessels  coursing  between  them. 

The  portal  vein  which  takes  blood  from  the 
stomach,  intestine,  pancreas,  and  spleen  breaks 
up  in  the  liver  (Fig.  115,  p.  10),  and  carries 
the  blood  between  the  lobules.  From  the  inter- 
lobular brandies,  capillaries  run  inwards  and 
enter  a  central  vein  which  carries  the  blood 
from  each  lobule,  and  pours  it  into  the  hepatic 
veins  which  join  the  inferior  vena  cava.  The 
supporting  tissue  of  the  liver  is  supplied  by  the 
hepatic  artery,  and  its  terminal  branches  have 
a  very  free  communication  with  those  of  the 
portal  vein. 

The  Pancreas  is  essentially  the  same  in 
structure  as  the  parotid  gland.  But  in  the 
lobules  are  certain  little  masses  of  epithelium- 
like cells  closely  packed  together,  the  Islets  of 
Langerhans  (Fig.  158). 

The  Nerve  Supply  of  the  Alimentary  Canal. 
— The  muscles  round  the  mouth  are  supplied 


i  ST 

*'*rifi  V,;;. 


Fig.  158. — Section  of  pancreas  to  show  acini  of  secreting  cells  ; 
a  large  duct ;  and  in  the  centre  an  island  of  I.angerl\ana. 

by  the  fifth,  seventh,  and  twelfth  cranial  nerves. 
The  nerve  supply  of  the  salivary  glands  will  be 
considered  later.  The  pharyngeal  muscles  are 
supplied  by  the  ninth  and  tenth  cranial  nerves, 
and  the  oesophagus  is  supplied  by  the  tenth,  and 
by  fibres  from  the  sympathetic. 

The  stomach  and  intestine  get  their  nerve 
fibres  from  two  sources  (Fig.  138,  p.  33),  above 
the  descending  colon  from  the  vagus  and  the  ab- 
dominal sympathetic,  and  below  this  from  the 
nervi  erigentes  and  abdominal  sympathetic — 
the  various  fibres  passing  through  the  abdominal 
sympathetic  ganglia.  In  the  wall  of  the  stomach 
and  intestine  these  nerves  end  by  forming  an 
interlacing  set  of  fibres,  with  nerve  cells  upon, 
them,  from  which  fibres  pass  to  the  muscles  and 


glands.  One  of  these  plexuses  (Auei'bachs)  is 
placed  between  the  muscular  coats — the  other 
(Meissner's)  is  placed  in  the  submucosa.  These 
plexuses  resemble  the  nervous  system  of  the 
lower  invertebrates  rather  than  the  synaptic 
system  of  the  central  nervous  mechanism. 

II.  Physiology 
i.  Digestion  in  the  Mouth. — A.  Mastication. 
— In  the  mouth,  by  the  act  of  chewing,  the 
food  is  thoroughly  broken  up  and  mixed  with 
saliva. 

The  muscular  mechanism  of  mastication  may 
be  here  briefly  indicated. 

Movements  of  Masticatio7i.  —  Movements  of 
Lower  Jaw  in — 1.  Vertical  Plane.  a.  Eleva- 
tion, a.  Temporal.  ^8.  Masseter.  y.  Internal 
Pterygoid,  b.  Depression,  a.  Weight  of  Jaw. 
/3.  Anterior  Belly  of  Digastric,  y.  Mylo-  and 
Genio-Hyoid.  8.  Platysma.  Hyoid  fixed  by — 
Omo-  and  Sterno-hyoid,  Sterno-thyroid,  and 
Thyro-hyoid.  2.  Horizontal  Plane — Fonvards  : 
External  Pterygoids.  Backivards :  Posterior 
Fibres  of  Temporal.  To  Right :  Left  External 
Pterygoid.  Right  Temporal  (Posterior  Fibres). 
3.  Other  Muscles  of  Mastication — Buccinator 
and  Orbicularis  oris. 

B.  Saliva. — The  saliva  is  formed  by  the 
salivary  glands — the  parotid,  submaxillary,  sub- 
lingual, and  various  small  glands  in  the  mucous 
membrane  of  the  mouth. 

Characters. — It  is  a  somewhat  turbid  fluid 
which,  when  allowed  to  stand,  throws  down  a 
white  deposit  consisting  of  shed  epithelial  scales 
from  the  mouth,  leucocytes,  amorphous  calcic 
and  magnesic  phosphates,  and  generally  numer- 
ous bacteria.  Its  specific  gravity  is  low — gener- 
ally about  1003,  In  reaction  it  is  neutral  or 
faintly  alkaline. 

Chemically  it  is  found  to  contain  a  very  small 
proportion  of  solids.  The  saliva  from  the 
parotid  gland  contains  only  about  0"4  per  cent, 
while  that  from  the  sublingual  may  contain 
from  2  to  3  per  cent.  The  sublingual  and  sub- 
maxillary saliva  in  man  is  viscous,  from  the 
presence  of  mucin  formed  in  these  glands,  while 
the  parotid  saliva  is  free  from  mucin.  In  addi- 
tion to  mucin,  traces  of  proteins  are  present, 
and  with  these  proteins  is  associated  the  active 
constituent  or  enzyme  of  the  saliva — ptyalin. 

Saliva  generally  contains  traces  of  potassium 
sulphocyanide,  and  in  some  pathological  con- 
ditions this  may  be  markedly  increased. 

The  functions  of  the  saliva  are  twofold  : — 

1.  Mechanical.,  to  moisten  the  mouth  and 
gullet,  and  thus  to  assist  in  speaking,  chewing, 
and  swallowing  Since  the  salivary  glands  are 
absent  from  aquatic  mammals,  and  since  in 
cai'nivorous  animals  saliva  has  no  chemical 
action,  it  would  appear  that  this  is  the  important 
function. 

2.  Chemical. — Under  the  action  of  the  ptyalin 
of  the  saliva,  polysaccharids,  like  the  starches, 
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are  broken  down  into  sugars.  Like  other  en- 
zyme actions  the  process  requires  the  presence 
of  water  and  a  suitable  temperature,  and  it  is 
stopped  by  the  presence  of  strong  acids  or 
alkalies,  by  various  chemical  substances,  and 
by  a  temperature  of  over  60°  C,  while  it  is 
temporarily  inhibited  by  reducing  the  tempera- 
ture to  near  the  freezing  point.  During  the 
short  time  the  saliva  acts  on  the  food  in  the 
mouth  the  conversion  is  by  no  means  complete. 
The  starch  is  first  changed  into  the  dextrins, 
giving  a  brown  colour  with  iodine,  and  hence 
called  erythrodextrins,  then  into  dextrins  which 
give  no  colour  with  iodine,  achroodexti-ins,  and 
lastly  into  the  disaccharid  maltose  (see  p.  54). 

Physiology  of  Salivary  Secretion. — In  order 
to  study  the  physiology  of  salivary  secretion, 
a  cannula  may  be  inserted  into  the  duct  of  any 


Fig.  159. — Nervous  supply  of  the  salivary  glauds.  Pan,  Parotid, 
and  S.M.  and  S.L.,  the  submaxillary  and  sublingual  glands  ; 
VII.,  the  seventh  cranial  nerve,  with  Ch.T.,  the  chorda 
tympani  nerve,  passing  to  L.,  the  lingual  branch  of  V.,  the 
fifth  nerve,  to  supply  the  glands  below  the  tongue,  T.  ;  IX., 
the  glossopharnygeal,  giving  off  J.N.,  .Jacobson's  nerve,  to 
the  0.,  otic  ganglion,  to  supply  the  parotid  gland  through 
Aur.T.,  the  auriculo-temporal  nerve. 

of  the  salivary  glands  and  the  rate  of  flow  of 
saliva  or  the  pressure  of  secretion  may  be  thus 
measured.  In  this  way  it  may  be  shown  that 
the  taking  of  food,  or  simply  the  act  of  chewing, 
and  in  some  cases  the  mere  sight  of  food,  causes 
a  flow  of  saliva.  This  shows  that  the  process  of 
secretion  is  presided  over  by  the  central  nervous 
system. 

The  submaxillary  and  sublingual  glands  are 
supplied — (1)  by  branches  from  the  lingual 
division  of  the  fifth  cranial  nerve  ;  and  (2)  by 
branches  of  the  perivascular  sympathetic  fibres 
coming  from  the  superior  cervical  ganglion. 
The  parotid  gland  is  supplied  by  the  auriculo- 
temporal division  of  the  fifth  and  also  by 
sympathetic  fibres  (Fig.  159). 

The  influence  of  these  nerves  has  been  chiefly 
studied  on  the  submaxillary  and  sublingual 
glands. 


It  has  been  found  that  when  the  lingual 
nerve  is  cut  the  reflex  secretion  of  saliva  still 
takes  place,  but  that  when  the  chorda  tympani 
{Ch.T.),  a  branch  from  the  seventh  nerve  which 
joins  the  lingual,  is  cut,  the  reflex  secretion  does 
not  occur.  Stimulation  of  the  chorda  tympani 
causes  a  copious  flow  of  watery  saliva,  and  a 
dilatation  of  the  blood-vessels  of  the  glands.  If 
atropine  has  been  first  administered,  the  dilata- 
tion of  the  vessels  occurs  without  the  flow  of 
saliva.  This  indicates  that  the  two  processes 
are  independent  of  one  another.  The  secreting 
fibres  all  undergo  interruption  before  the  glands 
are  reached ;  the  fibres  to  the  sublingual  gland 
having  their  cell  station  in  the  submaxillary 
ganglion  (S.M.G.),  the  fibres  to  the  sub- 
maxillary gland  having  theirs  in  a  little  gan- 
glion at  the  hilus  of  the  gland  {S.M.).  This  was 
demonstrated  by  painting  the  two  ganglia  with 
nicotine  (vol.  vii.  p.  550).  When  applied  to  the 
submaxillary  ganglion  the  drug  does  not  inter- 
fere with  the  passage  of  impulses  to  the  sub- 
maxillary gland,  but  stops  those  going  to  the 
sublingual. 

If  the  duct  of  the  gland  be  connected  with  a 
mercurial  manometer,  it  is  found  that  when  the 
chorda  tympani  is  stimulated  the  pressure  of 
secretion  may  exceed  the  blood  pressure  in  the 
carotid,  showing  that  the  saliva  is  not  formed 
by  filtration. 

When  the  perivascular  sympathetics  or  when 
the  sympathetic  cord  of  the  neck  is  stimulated, 
the  blood-vessels  of  the  gland  constrict,  and  a 
flow  of  very  viscous  saliva  takes  place. 

On  the  parotid  gland  the  auriculo-temporal 
nerve  {Aur.T.)  acts  in  the  same  way  as  the 
chorda  tympani  acts  on  the  other  salivary 
glands.  But  stimulation  of  the  fifth  nerve 
above  the  otic  ganglion,  from  which  the 
auriculo-temporal  takes  origin,  fails  to  produce 
any  effect.  On  the  other  hand,  stimulation  of 
the  glossopharyngeal  nerve  {IX.),  as  it  comes 
off"  from  the  brain,  acts  upon  the  parotid  gland. 
Since  the  glossopharyngeal  is  united  by  Jacob- 
son's  nerve  (J.JV.)  to  the  small  superficial 
petrosal  which  passes  to  the  otic  ganglion,  it  is 
obvious  that  the  parotid  fibres  take  this  some- 
what round-about  course. 

When  the  sympathetic  fibres  to  the  gland 
alone  are  stimulated,  constriction  of  the  blood- 
vessels but  no  flow  of  saliva  occurs ;  but  if, 
when  the  flow  of  watery  saliva  is  being  produced 
by  stimulating  the  glossopharj'ngeal  or  Jacob- 
son's  nerve,  the  sympathetic  fibres  are  stimu- 
lated, the  amount  of  organic  solids  in  the 
parotid  saliva  is  very  markedly  increased. 

The  nerve  fibres  passing  to  the  salivary 
glands  are  presided  over  by  a  centre  in  the 
medulla  oblongata  which  acts  reflexly.  So 
long  as  this  is  intact,  stimulation  of  the  lingual 
or  glossopharyngeal  leads  to  a  reflex  flow  of 
saliva.  Other  nerves  may  also  act  on  this 
centre.    Thus,  gastric  irritation,  when  it  pro- 
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duces  vomiting,  causes  a  reflex  stimulation  of 
salivary  secretion. 

According  to  the  investigations  of  Pavloff, 
the  salivary  glands  react  appropriately  to 
different  kinds  of  stimuli  through  their  nervous 
mechanism.  When  sand  or  bitter  or  saline 
substances  are  put  in  a  dog's  mouth,  a  profuse 
secretion  of  very  watery  saliva  ensues  to  wash 
them  out.  When  flesh  is  given,  a  saliva  rich  in 
mucin  is  produced.  When  diy  food  is  given, 
saliva  is  produced  in  greater  quantity  than 
when  moist  food  is  supplied.  Pavloff"  further 
states  that  the  sight  of  different  kinds  of  food 
produces  a  flow  of  the  kind  of  saliva  which  their 
presence  in  the  mouth  would  produce. 

ii.  Swallowing. — The  food  after  being  masti- 
cated is  collected  on  the  surface  of  the  tongue 


v 

Fig.  160.— Vertical  mesial  section  of  mouth  and  pharynx  to  show 
how,  in  swallowing,  the  food  slips  along  the  back  of  the 
epiglottis.  Pi?.,  Pharynx  ;  C.B.,  cushion  of  epiglottis ;  P.C., 
tip  of  arytenoid  cartilages  ;  CR.,  cricoid  cartilage. 

by  the  voluntary  action  of  the  buccinators  and 
other  muscles,  and  then,  the  point  of  the 
tongue  being  pressed  against  the  hard  palate 
behind  the  teeth,  by  a  contraction  of  the  tongue 
passing  from  before  backwards,  the  bolus  of 
food  is  driven  backwards.  When  the  posterior 
part  of  the  tongue  is  reached  the  act  becomes 
purely  reflex,  and  the  food  is  forced  through 
the  pillars  of  the  fauces  into  the  pharynx.  It 
is  prevented  from  passing  up  into  the  posterior 
nares  by  the  contraction  of  the  palato-pharyn- 
geus  muscle,  and  of  the  levatores  palati. 

The  larynx  is  pulled  upwards  as  a  whole  by 
the  stylo-hyoid  and  stylo-thyroid  and  the  thyro- 
hyoid muscles,  and  the  entrance  of  food  is  pre- 
vented by  the  closure  of  upjier  part  of  aperture. 
The  arytenoid  cartilages  are  pulled  forward  by 


the  thyro-arytenoid  muscles,  and  approximated 
by  the  arytenoidei,  while  a  cushion  on  the  pos- 
terior surface  of  the  epiglottis  becomes  applied 
to  their  tips,  forming  a  tri-radiate  fissure  or 
chink  through  which  food  cannot  pass.  The 
lateral  crico-arytenoids  also  approximate  the 
vocal  cords,  and  close  the  glottis  (Fig.  160). 

The  constrictors  of  the  pharynx  contract 
from  above  downwards,  and  force  the  food  into 
the  grasp  of  the  oesophagus,  and  this  by  a  slow 
peristaltic  contraction  sends  the  food  onwards 
to  the  stomach.  This  peristalsis  is  abolished 
by  section  of  the  vagi,  and  it  is  generally  not 
essential  to  swallowing.  In  swallowing  liquids 
it  is  not  brought  into  play,  but  the  fluid  is 
forced  by  the  tongue  down  the  relaxed  oeso- 
phagus into  the  stomach. 

The  passage  of  the  food  into  the  stomach 
may  be  heard  as  a  gurgling  sound  by  applying 
a  stethoscope  to  the  right  side  of  the  spinal 
column,  and  any  delay  caused  by  a  stricture 
may  thus  be  determined.  Normally  the  process 
takes  five  or  six  seconds. 

In  swallowing  fluids  two  sounds  are  heard, 
one  immediately,  and  one  after  about  six  seconds. 

iii.  Digestion  in  the  Stomach.  —  Various 
opportunities  have  occurred  and  have  been 
taken  advantage  of  to  study  the  interior  of  the 
human  stomach  during  life.  The  best  known 
investigation  of  the  kind  was  undertaken  by  Dr 
Beaumont,  a  Canadian  physician,  on  the  person 
of  St  Martin,  a  backwoodsman,  who  had  received 
a  gunshot  wound  in  the  abdomen,  which  had 
left  him  with  an  opening  through  the  front  wall 
of  his  stomach.  Dr  Beaumont  engaged  St 
Martin  as  his  servant,  and  made  a  prolonged 
and  valuable  study  of  the  changes  which  take 
place  in  the  viscus. 

AVithin  recent  years  the  most  important  work 


FlQ.  161.— Diagram  of  Pavloff 's  pouch  made  on  the 
stomach  of  a  dog. 


has  been  accomplished  by  Pavloff  on  dogs.  His 
method  is  to  make  a  small  gastric  pouch  open- 
ing on  the  surface  and  separated  from  the  rest 
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>f  the  stomach  (Fig.  161).  This  is  done  by 
iutting-  out  a  V-shaped  piece  along  the  great 
airvature,  the  apex  being  towards  the  pylorus 
i,nd  the  base  being  left  connected  with  the 
;tomach  wall.  By  a  series  of  stitches  the  open- 
ng  thus  made  in  the  stomach  is  closed  up  (top 
ine  of  AAs  in  Fig.  161),  while  the  cut  edges  of 
;he  V-shaped  flap  are  stitched  together  to  form 
I  tube.  The  one  end  of  this  is  made  to  open 
ipon  the  skin  surface  A,  A,  and  by  folding  in 
-jhe  mucous  membrane  the  deep  end  is  isolated 
:rom  the  stomach.  Thus  a  pouch  is  formed 
still  connected  with  the  nerves  and  vessels  of  the 
itomach,  the  condition  of  which  represents  the 
jondition  of  the  whole  stomach. 

The  condition  of  the  stomach  varies  greatly 
n  fasting  and  after  feeding. 

A.  Stomach  during  Fasting 
The  organ  is  collapsed,  and  the  mucous  mem- 
brane is  thrown  into  large  ridges.  It  is  pale 
in  colour  because  the  blood-vessels  are  not 
dilated.  Movements  are  not  marked  and  the 
secretion  is  scanty,  only  a  little  mucus  being 
formed  on  the  surface  of  the  lining  membrane. 

B.  Stomach  after  Feeding 
When  food  is  taken,  (1)  the  blood-vessels 
dilate,  (2)  a  secretion  is  poured  out,  and  (3) 
movements  of  the  organ  become  more  marked. 

1.  Vascular  Changes. — The  arterioles  dilate, 
and  the  mucous  membrane  becomes  bright  red 
in  colour.  This  is  a  reflex  vaso-dilator  eff'ect, 
impulses  passing  up  the  vagus  to  a  vaso-dilator 
centre  in  the  medulla,  and  coming  down  the 
vagus  from  that  centre.  Section  of  the  vagi 
prevents  its  onset. 

2.  Secretion. — There  is  a  free  flow  of  gastric 
juice  from  all  the  glands  in  the  mucous 
membrane. 

{a)  Characters  of  Gastric  Secretion.  —  The 
gastric  juice  is  a  clear  watery  fluid,  which  is 
markedly  acid  from  the  presence  of  free  hydro- 
chloric acid.  In  the  dog  the  free  acid  may 
amount  to  0'2  per  cent,  but  in  man  it  is  less 
abimdant,  and  when  the  gastric  juice  is  mixed 
with  food  the  acid  rapidly  combines  with  al- 
kalies and  with  proteins,  and  is  no  longer  free. 
In  addition  to  the  HCl,  small  quantities  of 
organic  salts  are  present.  Traces  of  proteins 
may  also  be  demonstrated,  and  with  these  two 
enzymes  are  associated — one  a  proteolytic  or 
protein-digesting  enzyme,  pepsin,  the  other  a 
milk-curdling  enzyme,  rennin. 

(6)  Course  of  Gastric  Digestion — (1)  Amylo- 
lytic  Period. —  The  action  of  the  gastric  juice 
does  not  at  once  become  manifest.  For  half  an 
hour  after  the  food  is  swallowed  the  pytalin  of 
the  saliva  goes  on  acting,  and  the  various  micro- 
organisms swallowed  with  the  food  grow  and 
multiply,  and  thus  there  is  a  continuance  of  the 
conversion  of  starch  to  sugar  which  was  started 
in  the  mouth,  and  at  the  same  time  the  micro- 


organisms go  on  splitting  the  sugar  to  form 
lactic  acid,  which  may  thus  be  regarded  as  a 
normal  constituent  of  the  stomach  during  the 
first  half-hour  after  a  mixed  meal. 

(2)  Proteolytic  Period. — Before  the  amylolytic 
period  is  completed,  the  gastric  juice  has  begun 
its  special  action  on  proteins.  This  may  be 
readily  studied  by  placing  some  coagulated 
protein  in  gastric  juice,  or  in  an  extract  of  the 
mucous  membrane  of  the  stomach  made  with 
dilute  hydrochloric  acid,  and  keeping  it  at  the 
temperature  of  the  body.  The  protein  swells, 
becomes  transparent,  and  dissolves.  The  solu- 
tion is  coagulated  on  boiling — a  soluble  native 
protein  has  been  formed.  Very  soon  it  is  found 
that,  if  the  soluble  native  protein  is  filtered  off", 
the  filtrate  gives  a  precipitate  on  neutralising, 
showing  that  an  acid  pjroteate  (ineta-protein)  has 
been  produced.  If  the  action  is  allowed  to  con- 
tinue and  the  acid  proteate  precipitated  and 
filtered  oft',  it  will  be  found  that  the  filtrate 
gives  a  precipitate  on  saturating  with  common 
salt,  showing  that  a  proto-proteose  has  been 
formed.  Along  with  this  a  certain  amount  of 
hetero-proteose  is  also  formed.  It  is  character- 
ised by  being  precipitated  on  neutralisation 
and  by  being  insoluble  in  distilled  water.  On 
filtering  off"  these,  the  filtrate  yields  a  precipitate 
on  saturating  with  sulphate  ammonium,  indi- 
cating the  formation  of  a  deutero-proteose,  and, 
if  the  filtrate  from  this  be  tested,  the  presence 
of  a  protein  may  be  demonstrated.  Peptone 
has  been  produced. 

These  changes  may  be  represented  in  the 
following  table  : — 

Coagulated  Protein. 
I 

Soluble  Native  Protein. 
I 

Acid  Proteate  (Meta-protein). 


Proto-proteose.  Hetero-proteose. 

I  I 
Deutero-proteose.  Deutero-proteose. 

I  I 
Peptone.  Peptone. 

The  process  is  one  of  breaking  down  a  complex 
molecule  into  simpler  molecules,  probably  with 
hydration. 

The  object  of  this  was  formerly  supposed  to 
be  to  allow  of  the  diff"usion  of  the  protein  in 
the  form  of  peptone  through  the  wall  of  the 
intestine.  It  is  now  known  that  absorption  is 
not  due  to  diffusion,  and  it  is  more  probable 
that  the  change  to  the  simplest  protein  molecule 
is  a  step  to  the  more  complete  disintegration 
of  the  molecule  which  seems  necessary  before 
it  can  be  built  into  the  special  protoplasm  of 
the  body  of  the  particular  animal. 

On  certain  proteins  and  their  derivatives  the 
I  gastric  juice  has  a  special  action.    On  collagen 
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the  HCl  acts  slightly  in  converting  it  to  gelatin. 
The  gastric  juice  acts  on  gelatin,  converting  it 
to  a  gelatin  peptone. 

On  micleo-proteins  it  acts  by  digesting  the 
protein  part  and  leaving  the  mvcleiii  un- 
dissolved. 

Hcemoglohin  is  broken  down  into  hfematin 
and  globin,  and  the  latter  is  changed  into 
peptone. 

The  caseinogeii  calcium  compound  of  milk  is 
first  coagulated  and  then  changed  to  peptone. 
The  coagulation  is  brought  about  by  the 
presence  of  the  second  enzyme  of  the  gastric 
juice — rennin. 

This  may  be  separated  from  pepsin  in  various 
ways,  and,  unlike  pepsin,  it  acts  in  a  neutral 
medium. 

The  change  set  up  by  it  seems  to  be  due  to 
a  splitting  of  the  soluble  calcic  compound  of 
caseinogen  which  exists  in  milk  into  calcic 
paracasein,  which  is  insoluble  and  is  thrown 
down,  and  a  small  quantity  of  whey  albumin 
which  remains  in  solution.  The  nuclein  part 
of  the  paracasein  remains  undigested. 

The  gastric  juice  contains  an  enzyme  which 
splits  fats  into  fatty  acids  and  glycerine  if 
they  are  in  a  very  fine  state  of  subdivision,  as 
in  milk,  but  it  has  no  action  on  fats  not  so 
subdivided.  When  fats  are  contained  in  the 
protoplasm  of  cells,  they  are  set  free  by  the 
digestion  of  the  protein  covering. 

On  carbohydrates  the  free  mineral  acid  of 
the  gastric  juice  has  a  slight  action  at  the  body 
temperature,  splitting  the  polysaccharids  and 
disaccharids  into  monosaccharids. 

(c)  Digestion  of  the  Stomach  Wall. — When 
the  wall  of  the  stomach  lies  either  in  whole, 
as  after  the  death  of  the  animal,  or  in  part, 
as  when  an  artery  is  occluded  or  ligatured,  the 
dead  part  is  digested  by  the  gastric  juice  and 
the  wall  of  the  stomach  may  be  perforated. 
In  the  living  condition  a  substance  may  be 
extracted  from  the  mucous  membrane  which 
antagonises  the  action  of  pepsin  and  may  be 
called  antipepsin. 

(d)  Antiseptic  Action  of  the  Gastric  Juice. — 
In  virtue  of  the  presence  of  free  HCl  the  gastric 
juice  has  a  marked  action  in  inhibiting  the 
growth  of,  or  in  killing  bacteria.  The  bacillus 
of  cholera  is  peculiarly  susceptible,  and  a 
healthy  condition  of  the  stomach  is  thus  a 
great  safeguard  against  the  disease.  Other 
organisms,  while  they  do  not  multiply  in  the 
stomach,  pass  on  alive  to  the  intestine,  where 
they  may  again  become  active.  When  HCl 
is  not  formed  in  sufficient  quantities  to  exist 
free  in  the  stomach,  the  activity  of  these 
bacteria  in  the  organ  may  lead  to  various 
decompositions  and  to  many  of  the  symptoms 
of  dyspepsia. 

(e)  Source  of  the  Constituents  of  the  Gastric 
Juice. — The  hydrochloric  acid  is  formed  at  the 
cardiac  end  of  the  stomach.     This  may  be 


shown  by  isolating  a  part  of  the  stomach  so 
that  it  opens  on  the  surface.  Since  the  parietal 
or  oxyntic  cells  are  confined  to  this  portion  of 
the  stomach,  it  may  be  concluded  that  they 
are  the  producers  of  the  acid.  They  manu- 
facture it  from  the  NaCl  of  the  blood  plasma. 
Probably  the  COg  liberated  in  the  cells  seizes 
on  some  of  the  Na  and  turns  out  HCl. 

The  Pepsin  and  Rennin  are  produced  in  the 
chief  or  peptic  cells  which  line  the  glands  both 
of  the  cardiac  and  pyloric  parts  of  the  stomach. 
During  fasting  granules  are  seen  to  accumulate 
in  these  cells,  and  when  the  stomach  is  active 
they  are  discharged.  These  granules  are  not 
pepsin  but  the  forerunner  of  pepsin  — 
pepsinogen. 

(/)  Influence  of  Various  Diets  upon  the 
Gastric  Juice. — This  has  been  chiefly  worked 
out  by  PavlofF  on  dogs  with  a  gastric  pouch 
(p.  60). 

He  finds  that — (1)  The  amount  of  secretion 
depends  upon  the  amount  of  food  taken.  (2) 
The  amount  and  course  of  secretion  varies  with 
the  kind  of  food  taken.  Thus,  with  flesh  the 
secretion  reaches  its  maximum  at  the  end  of 
one  hour,  persists  for  an  hour  and  then  rapidly 
falls,  while  with  bread  it  reaches  its  maximum 
at  the  end  of  one  hour,  rapidly  falls,  but 
persists  for  a  much  longer  period  than  in  the 
case  of  flesh.  (3)  The  digestive  activity  of  the 
juices  varies  with  the  kind  of  food  and  with 
the  course  of  digestion.  It  is  higher  and  per- 
sists longer  after  a  diet  of  bread,  which  is 
difficult  to  digest,  than  after  a  diet  of  flesh, 
which  is  more  easily  digested.  (4)  The  per- 
centage of  acid  does  not  vai-y  markedly.  When 
more  acid  is  required  more  gastric  juice  is 
secreted.  (5)  The  work  done  by  the  gastric 
glands  is  greater  in  the  digestion  of  bread  than 
in  the  digestion  of  flesh. 

{g)  Nervous  Mechanism  of  Gastric  Secretion. — 
It  has  been  proved  that  in  the  dog  the  secretion 
of  gastric  juice  can  go  on  after  the  nerves  to 
the  stomach  have  been  divided,  and  this  has 
been  ascribed  to  a  reflex  stimulation  of  the 
nerve  plexus  in  the  submucosa.  But  this 
mechanism  plays  a  small  part  compared  with 
the  influences  of  the  central  nervous  system 
through  the  vagus.  Pavloff"  finds  that,  when 
the  vagus  is  cut  below  the  origin  of  the  cardiac 
nerves  so  that  they  are  not  acted  upon,  and 
the  animal  left  undisturbed  for  some  days, 
stimulation  of  the  nerve  with  a  slowly  inter- 
rupted induced  current  causes,  after  a  long 
latent  period  of  a  minute  or  two,  a  flow  of 
gastric  juice. 

This  vagus  action  may  be  called  into  play 
either  by  the  contact  of  suitable  food  with  the 
mouth  or  by  the  sight  of  food.  This,  he 
demonstrated  by  making  an  oesophageal  fistula 
in  a  dog  with  a  gastric  pouch,  so  that  food  put 
in  the  mouth  escaped  from  the  gullet  and  did 
not  pass  into  the  stomach  (Fig.  162).  Mere 
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mechanical  or  chemical  stimulation  of  the 
mouth  produces  no  effect,  but  the  administra- 
tion of  meat  produced  it.  The  sight  of  food 
in  a  fasting  dog  produces  after  a  latent  period 
of  five  minutes  a  copious  flow  of  gastric  juice. 


EYE 


MOUTH 


POUCH 


FlO.  162. — To  show  the  nervous  mechanism  of  gastric  secretion  and  how  it 
is  reflexly  induced  through  various  ingoing  channels. 


PavlofF  calls  this  "  psychic "  stimulation.  It 
is  an  example  of  how  the  "distance  receptor" 
in  the  eye  reflexly  brings  about  an  appropriate 
reaction — just  as  the  "  non-distance  receptor  " 
in  the  wall  of  the  stomach  under  certain  stimuli 
brings  about  an  appropriate  reaction.  It  is 
somewhat  rash  of  a  physiologist  who  can  know 
nothing  of  the  relation  of  the  psychic  state  to 
the  actions  with  which  it  is  associated  to  affirm, 
as  Pavloff  does,  that  the  psychic  change  is 
causal. 

There  is  some  evidence  that  the  formation 
of  gastric  juice  is  also  influenced  by  the  action 
of  a  chemical  substance  produced  in  the  mucous 
membrane  of  the  pyloric  end  of  the  stomach. 
It  has  been  found  that  the  injection  into  the 
blood  stream  of  an  extract  of  this  membrane 
made  by  boiling  with  acid  or  peptone  causes  a 
production  of  gastric  juice.  In  all  probability 
the  initial  secretion  of  gastric  juice  is  dependent 
on  the  nervous  mechanism,  and  the  secondary 
secretion,  when  food  is  in  the  stomach,  on  the 
action  of  this  substance.  In  the  case  of  the 
pancreas  such  a  chemical  stimulant  plays  a 
very  important  part  (p.  82).  Such  substances 
have  been  named  Hormones. 

3.  Movements  of  the  Stomach. — These  have 
been  studied  by  feeding  an  animal  with  food 
containing  bismuth,  and  then  applying  X-rays, 


which  are  intercepted  by  the  coating  of  bismuth, 
so  that  a  shadow  picture  of  the  shape  of  the 
stomach  is  given  (Fig.  163). 

It  is  found  that,  soon  after  food  is  taken,  a 
constriction  forms  about  the  middle  of  the 
stomach  and  slowly  passes  on  to- 
wards the  pylorus.  Another  con- 
striction forms  and  follows  the  first, 
and  thus  the  pyloric  part  of  the 
stomach  is  set  into  active  peristalsis. 
The  cardiac  fundus  acts  as  a  reser- 
voir, and,  by  a  steady  contraction, 
presses  the  gastric  contents  into  the 
more  active  pylorus,  so  that  at 
the  end  of  gastric  digestion  it  is 
completely  emptied.  The  pylorus 
is  closed  by  the  strong  sphincter 
muscle,  which,  however,  relaxes  from 
time  to  time  during  gastric  digestion 
to  allow  the  escape  of  the  more  fluid 
contents  of  the  stomach  into  the 
intestine.  These  openings  are  at 
first  slight  and  transitory,  but  as 
time  goes  on  they  become  more 
marked  and  more  frequent,  and 
when  gastric  digestion  is  complete 
STOMACH  — usually  at  the  end  of  five  or  six 
hours — the  sphincter  is  completely 
relaxed  and  allows  the  stomach  to 
be  emptied.  The  openings  are  regu- 
lated by  a  local  nervous  mechanism 
which  is  brought  into  play  by  the 
escape  of  the  acid  gastric  contents 
into  the  duodenum.  This  leads  to 
an  immediate  closure  of  the  pylorus,  which  does 
not  again  open  till  the  contents  of  the  duodenum 
have  been  neutralised  by  the  alkaline  secretions 
which  are  poured  into  it.  The  rate  of  passage 
from  the  stomach  of  various  kinds  of  food  has 


Fig.  163- — Tracings  of  the  shadows  of  the  contents  of  the 
stomach  and  intestine  of  a  cat  two  hours  after  feeding 
(A)  witli  boiled  lean  beef,  and  (B)  with  boiled  rice  to  show 
the  more  rapid  emptying  of  the  stomach  after  tlie  carbo- 
hydrate food.  The  small  divisions  of  the  food  in  some  of 
the  intestinal  loops  represent  the  process  of  rhytliniic 
segmentationjsee  p.  70).  (Cannon.) 

been  studied  by  feeding  cats  with  equal  amounts 
of  each  kind  of  food  mixed  with  bismuth,  and 
then,  by  X-rays,  getting  the  outline  of  the 
contents  of  the  small  intestine  at  different 
periods.  Carbohydrates  were  found  to  pass  on 
most  rapidly  and  fats  most  slowly  (Fig.  163). 
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Unless  the  contents  of  the  stomach  ai"e  very 
fluid  these  movements  do  not  produce  a  very 
great  mixing  of  the  food  taken.  This  separation 
of  the  food  into  layers  according  to  the  time  at 
which  it  was  taken  is  very  well  marked  in  the 
horse,  but  has  also  been  demonstrated  in  the 
dog  (Fig.  164). 

Nervous  Mechanism  of  Gastric  Movements. — 
Even  after  the  section  of  all  the  gastric  nerves, 


Fig.  164. — stomach  of  a  dog  fed  successively  with  tliree  different 
to  show  the  absence  of  mixing.  (Sclieunert.) 

movements  of  the  stomach  may  be  observed, 
but  the  mechanism  of  these  movements  has  not 
been  fully  studied.  The  action  of  the  vagus 
and  sympathetic  fibres  is  complicated,  and 
their  influence  on  the  wall  of  the  stomach  and 
the  sphincters  requires  further  investigation. 
Speaking  genei'ally,  the  vagus  seems  to  increase 
the  movements,  while  the  sympathetic  fibres 
check  them.  The  vagus  when  stimulated  gener- 
ally causes  inhibition  of  the  cardiac  sphincter 
and  contraction  of  the  pylorus,  but  the  result  is 
not  constant. 

Absorption  from  the  Stomach.— Yiy  ligation  of 
the  pyloric  end,  it  has  been  found  that  the 
stomach  plays  a  very  small  part  in  the  absorp- 
tion of  food.  Its  chief  function  is  to  act  as  a 
reservoir. 

Probably  the  antiseptic  action  of  its  secretion 
is  of  considerable  importance.  While  it  plays 
a  certain  part  in  digestion  its  action  is  by  no 
means  indispensable,  for  it  has  been  removed  in 
animals  and  in  men  without  disturbance  of  the 
health. 

Vomiting. — Sometimes  the  stomach  is  emptied 
upwards  through  the  gullet  instead  of  down- 
wards through  the  pylorus.  This  act  of  vomit- 
ing is  generally  a  reflex  one,  resulting  from 
irritation  of  the  gastric  mucous  membrane,  and 
more  rarely  from  stimulation  of  other  nerves. 
It  is  a  reaction  to  nocuous  stimuli. 

Usually  the  act  is  preceded  by  a  feeling  of 
nausea  and  by  a  free  secretion  of  saliva.  In 
vomiting,  the  glottis  is  closed,  and,  after  a 


forced  inspiratory  effort  by  which  air  is  drawn 
down  into  the  gullet,  a  forced  and  spasmodic 
expiration  presses  on  the  stomach,  while  at  the 
same  time  the  cardiac  sphincter  is  relaxed 
through  the  action  of  the  vagus,  and  the 
contents  of  the  stomach  are  sent  upwards. 
They  are  at  first  prevented  from  passing  into 
the  nares  by  the  contraction  of  the  muscles  of 
the  soft  palate ;  but,  as  the  act  continues,  these 
muscles  are  overcome,  and  the  vomited 
matter  escapes  through  mouth  and  nose. 
The  wall  of  the  stomach  also  seems  to 
act,  but  its  action  is  non-essential,  since 
vomiting  may  be  produced  in  an  animal 
in  which  a  bladder  has  been  inserted  in 
place  of  the  stomach. 

The  centre  which  presides  over  the  act 
is  in  the  medulla  oblongata,  and  while  it 
/  is  usually  reflexly  called  into  action,  it 
may  be  stimulated  directly  by  such  drugs 
as  apomorphine. 

iv.  Intestinal  Digestion. — After  being- 
subjected  to  gastric  digestion  the  food  is 
generally  reduced  to  a  semi-fluid,  grey, 
pultaceous  condition  of  strongly  acid  re- 
action known  as  chyme,  and  in  this  con- 
dition it  enters  the  duodenum. 

Here  it  meets  three   different  secre- 


foods 


tions  :- 


Pancreatic  secretion. 
Intestinal  secretion. 
Bile. 

A.  Pancreatic  Secretion 
The  secretion  of  the  pancreas  may,  in  the 
dog,  be  procured  by  malting  either  a  temporary 
or  a  permanent  fistula.  In  the  former  case  the 
duct  is  exposed,  and  a  cannula  fastened  in  it ;  in 
the  latter  the  duct  is  made  to  open  on  the 
surface  of  the  abdomen,  a  small  piece  of  the 
intestinal  wall  with  the  mucous  membrane  round 
the  opening  of  the  duct  being  stitched  to  the 
abdominal  opening. 

1.  Characters  and  Composition. — When  ob- 
tained immediately  from  a  temporary  fistula, 
the  pancreatic  juice  is  a  clear,  slimy  fluid,  with 
a  specific  gravity  of  1030  or  less  and  an  alkaline 
reaction.  It  contains  an  abundance  of  a  native 
protein  having  the  characters  of  a  globulin, 
and  the  alkalinity  is  probably  due  to  sodium 
carbonate  and  disodium  phosphate.  Fi'om  a 
permanent  fistula  a  more  abundant  flow  of 
more  watery  secretion  may  be  collected. 

2.  Action. — Closely  associated  with  the  pro- 
tein, and  precipitated  by  alcohol  along  with  it, 
are  the  enzymes  upon  which  the  action  of  the 
pancreatic  juice  depends. 

\st.  A  Proteolytic  Enzyme — Trypsin. — This, 
in  a  weakly  alkaline  or  neutral  fluid,  converts 
native  proteins  into  peptones,  and  then  breaks 
these  peptones  into  simpler  non-protein  bodies. 

The  pancreatic  juice  brings  about  this  break- 
ing down  of  protein  in  stages.    It  does  not 
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cause  solid  proteins  to  swell  up,  but  simply 
erodes  them  away.  Fibrin  and  similar  bodies 
first  pass  into  the  condition  of  soluble  native 
proteins  and  then  into  deutero^roteose,  while 
boiled  egg  white  appears  at  once  to  yield  deutero- 
proteose.  The  deutero-proteose  is  then  changed 
into  peptone,  and  part  of  that  peptone  is  then 
split  into  a  series  of  bodies  which  no  longer 
give  the  biuret  test.  These  consist  chiefly  of 
the  component  amido-acids,  of  which  the  most 
important  are  leucin  and  tyrosin,  and  of  am- 
monia compounds  (see  vol.  vii.  p.  491). 

Amido-acetic  acid  linked  to  skatol — trypto- 
phane— is  also  split  off,  and  if  chlorine  water 
is  added  to  a  pancreatic  digestion  which  has 
proceeded  for  a  long  time,  a  rose-red  colour  is 
struck  {see  p.  88). 

On  nucleo-proteins  trypsin  acts  by  digesting 
the  protein  and  dissolving  the  nucleic  acid  so 
that  it  can  be  absorbed. 

On  collagen  and  elastin  trypsin  has  little 
action  ;  but  on  gelatin  it  acts  as  upon  proteins. 

2nd.  An  Amylolytic  Enzyme — Amylopsin  or 
Diastase. — This  acts  in  the  same  way  as  ptyalin, 
but  more  powerfully,  converting  a  certain  part 
of  the  maltose  into  dextrose.  It  acts  best  in  a 
faintly  acid  medium. 

?>rd.  A  Fat-splitting  Enzyme — Lipase. — -This 
is  the  most  easily  destroyed  and  the  most 
difficult  to  separate  of  the  zymins.  It  breaks 
the  fats  into  their  component  glycerin  and 
fatty  acids.  The  fatty  acids  link  with  the 
alkalies  which  are  present  to  form  soaps,  and 
in  this  form,  or  dissolved  as  free  fatty  acids  in 
the  bile,  they  are  absorbed.  But  the  formation 
of  soaps  also  assists  the  digestion  of  fats  by 
reducing  them  to  a  state  of  finely  divided  par- 
ticles, an  emulsion,  upon  which  the  lipase  can 
act  more  freely.  This  process  of  emulsification 
is  assisted  by  the  presence  of  protein  in  the 
pancreatic  juice  and  also  by  the  presence  of  bile. 

That  these  enzymes  are  independent  of  one 
another  is  shown  by  many  facts. 

(1)  Diastase  does  not  appear  till  about  a 
month  after  birth. 

(2)  Diastase  is  taken  up  by  dry  glycerin, 
while  trypsin  is  not. 

(3)  Trypsin  may  be  precipitated  and  separ- 
ated by  shaking  with  collodion. 

(4)  Trypsin  acts  in  O'Ol  per  cent  ammonia 
while  diastase  does  not. 

(5)  The  proportion  of  the  zymins  varies  with 
the  character  of  the  diet. 

This  is  well  shown  by  experiments  carried 
out  in  PavlofFs  laboratory  upon  dogs  with 
pancreatic  fistulse.  The  effects  of  diets  of  milk, 
bread,  and  flesh  were  compared,  in  each  case 
the  amount  of  the  food  given  containing  the 
same  amount  of  nitrogen  (protein).  The  total 
quantity  of  ferment  unit  is  got  by  multiplying 
the  quantity  of  juice  in  c.cm.  by  the  strength  of 
the  juice,  determined  by  ascertaining  how  much 
of  the  substance  is  digested  by  unit  of  the 
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secretion  in  unit  of  time.  The  following  table 
and  Fig.  165  indicate  the  results  obtained  : — 


Diet. 

Quantity  of  Enzyme. 

Proteo- 
lytic. 

Amylo- 
lytic. 

Fat- 
splitting. 

Bread,  250  grm. 
Milk,  600  c.c.  . 
Flesh,  100  grm.  . 

1978 
1085 
1502 

1601 
432 
648 

800 
4334 
3600 

TRYPSIN 


DIASTASE 


LIPASE    I  '  '  = 

BREAD       MILK  FLESH 
Z.SOGftHS         60OCCS  JOOQKNS 

FIG.  165.— To  show  the  relative  amounts  of  the  three  enzymes  of 
the  pancreatic  juice  formed  on  different  diets. 

Bread  contains  a  protein  difficult  of  digestion, 
plenty  of  starch,  and  little  fat.  Milk  contains 
an  easily  digested  protein,  and  plenty  of  fat, 
but  no  starch ;  while  flesh  contains  a  compara- 
tively easily  digested  protein,  no  starch,  and  a 
moderate  amount  of  fat.  The  first  food  causes 
a  copious  production  of  trypsin  and  diastase, 
and  little  lipase.  The  second  causes  the  pro- 
duction of  less  trypsin,  little  diastase,  but  most 
lipase.  The  last  causes  a  moderate  production 
of  trypsin,  little  diastase,  and  a  comparatively 
large  amount  of  lipase. 

As  to  the  mode  of  production  of  these  enzymes, 
it  is  known  that  trypsin  is  not  formed  as  such 
in  the  cells,  for  the  secretion  direct  from  the 
acini  has  no  tryptic  action.  A  forerunner  of 
trypsin — ^trypsinogen — is  produced,  and  this 
changes  into  trypsin  after  it  is  secreted.  The 
intestinal  secretion  contains  something  of  the 
nature  of  an  enzyme  which  has  been  termed 
enterokinase,  which  has  the  power  of  bringing 
about  this  change. 

It  is  doubtful  whether  the  pancreatic  secre- 
tion contains  any  true  rennin,  although  it  pro- 
duces a  modified  clotting  of  milk,  under  certain 
conditions. 
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3.  Physiology  of  Pancreatic  Secretion. — The 
secretion  of  pancreatic  juice  is  not  constant,  but 
is  induced  when  the  acid  chyme  passes  into  the 
duodenum.  This  occurs  even  when  all  the 
nerves  to  the  intestine  have  been  cut,  and  it 
appears  from  the  investigations  of  Starling  to 
beldue  to  the  formation  of  a  material  which  has 
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Fig.  166.— To  show  the  mode  of  action  of  secretin  and  the  action  of  the  vagus 
nerve  on  the  secretion  of  the  pancreas  and  the  activation  of  trypsinogen  by 
enterokinase. 


been  called  secretin,  in  the  epithelium  lining 
the  intestine,  under  the  influence  of  an  acid. 
This  is  absorbed,  and,  on  being  carried  to  the 
pancreas,  stimulates  it  to  secrete.  It  has  been 
shown  that  the  injection  into  the  blood  of  an 
extract,  made  with  dilute  hydrochloric  acid,  of 
the  lining  membrane  of  the  upper  part  of  the 
small  intestine,  leads  to  a  flow  of  pancreatic 
juice.  This  secretin  is  not  destroyed  by  boiling, 
and  is  soluble  in  strong  alcohol.  It  is  therefore 
not  of  the  nature  of  an  enzyme. 

But  while  secretin  seems  to  play  so  important 
a  role,  it  has  been  found  that  stimulation  of  the 
vagus  nerve,  after  a  latent  period  of  two  minutes, 
increases  pancreatic  secretion,  so  that  it  must 
be  concluded  that  the  secretion  of  the  fluid  is, 
to  a  certain  extent,  under  the  control  of  the 
nervous  system. 

The  influence  of  the  pancreas  in  the  general 
metabolism  will  be  considered  later  (p.  84). 

B.  Secretion  of  the  Intestitial  Wall 
{Succus  Entericus) 
This  is  formed  in  the  Lieberkiihn's  follicles  of 
the  intestine,  and  it  may  be  procured  by  cutting 
the  intestine  across  at  two  points,  bringing  each 
end  of  the  intermediate  piece  to  the  surface, 
and  connecting  together  the  ends  from  which 
this  piece  has  been  taken  away  so  as  to  make  a 


continuous  tube.  On  mechanically  irritating 
the  mucous  membrane,  a  pale  yellow  clear  fluid 
is  secreted,  which  contains  native  proteins  and 
mucin,  and  is  alkaline  in  reaction  from  the 
presence  of  sodium  carbonate. 

Action. — The  succus  entericus  contains  :  (1) 
An  enzyme  which  splits  some  disaccharids,  as 
maltose  and  cane  sugar,  into  mono- 
saccharids,  but  does  not  seem  to 
act  on  lactose.  (2)  In  the  intestine 
of  animals  taking  milk  a  special 
zymin,  lactase,  which  splits  milk 
sugar.  (3)  Erepsin,  an  enzyme 
which  seems  to  act  more  power- 
fully than  trypsin  in  splitting  pep- 
tones into  their  component  non- 
protein crystalline  constituents 
such  as  the  di-amido  acids  and 
mon-amido  acids,  e.g.  leucin  and 
tyrosin.  The  object  of  this  is  not 
at  present  fully  understood.  It 
may  be  that  the  nitrogen  of  the 
protein  is  largely  treated  as  a  waste 
product  and  thrown  oft".  But  feed- 
ing experiments  on  dogs  and  rats 
seem  to  show  that  these  non-protein 
derivatives  of  proteins  can  be  re- 
tained and  built  into  the  proto- 
plasm of  the  animal.  Vernon  has 
shown  that  a  similar  proteolytic 
enzyme  is  widely  distributed  in  the 
tissues,  being  specially  abundant 
in  the  kidney.  (4)  Enterokinase — a 
zymin  which,  acting  on  trypsinogen, 
converts  it  into  active  trypsin  (p.  65). 

Mechanism  of  Secretion. — The  taking  of  food 
leads  to  a  flow  of  intestinal  secretion  which 
reaches  its  maximum  in  about  three  hours  ;  and 
this  flow  is  much  greater  from  the  upper  part 
of  the  bowel  than  from  the  lower.  There  is 
some  evidence  that  the  injection  of  secretin 
calls  forth  this  secretion,  and  according  to  some 
observers,  the  injection  of  succus  entericus  into 
the  circulation  acts  in  the  same  way. 

As  regards  the  action  of  nerves  very  little  is 
known.  It  has  been  found  that,  when  the 
intestine  is  ligatured  in  three  places  so  as  to 
form  two  closed  sacs,  if  the  nerves  to  one  of 
these  be  divided,  it  becomes  filled  with  a  clear 
fluid  closely  resembling  lymph.  The  dilatation 
of  the  blood-vessels  may  account  for  this  without 
secretion  being  implicated. 

C.  Bile 

1.  Characters  and  Composition. — The  bile  is 
the  secretion  of  the  liver,  and  it  may  be  pro- 
cured for  examination  —  {a)  From  the  gall 
bladder,  or  {h)  from  the  bile  passages  by  making 
a  fistula  into  them.  Bile  which  has  been  in 
the  gall  bladder  is  richer  in  solids  than  bile 
taken  directly  from  the  ducts,  because  water  is 
absorbed  by  the  walls  of  the  bladder  and  the 
bile  thus  becomes  concentrated. 
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Analyses  of  gall  bladder  bile  thus  give  no 
information  as  to  the  composition  of  the  bile 
when  formed.  In  several  cases,  where  surgeons 
have  produced  biliary  fistulte,  opportunities  have 
occurred  of  procuring  the  bile  directly  from  the 
ducts  during  life  in  man. 

Such  bile  has  a  somewhat  orange-brown 
colour,  and  is  more  or  less  viscous,  but  not 
nearly  so  viscous  as  bile  taken  from  the  gall 
bladder.  It  has  a  specific  gravity  of  almost 
1005,  while  gall  bladder  bile  has  a  specific 
gravity  of  about  1030.  Its  reaction  is  slightly 
alkaline,  and  it  has  a  characteristic  smell. 

It  contains  about  2  per  cent  of  solids,  of 
which  more  than  half  are  organic. 

Bile  Salts. — The  most  abundant  solids  are 
the  salts  of  the  bile  acids.  In  man  the  most 
important  is  sodium  glycocholate.  Sodium 
taurocholate  occurs  in  small  amounts.  These 
salts  are  readily  prepared  from  an  alcoholic 
solution  of  dried  bile  by  the  addition  of  water- 
free  ether,  which  makes  them  separate  out  as 
crystals. 

Glycocholic  acid  splits  into  glycin,  amido-acetic 
acid — HgN.CHg.CO.OH,  and  a  body  of  unknown 
constitution,  cholalic  acid,  C24H40O5. 

Taurocholic  acid  yields  amido-ethane-sulphuric 
acid  or  taurin,  H2N.CH2CO.SO2OH — a  molecule 
closely  resembling  amido-acetic  acid  linked  to 
sulphuric  acid  and  cholalic  acid. 

Since  both  acids  contain  nitrogen  they  must 
be  derived  from  proteins.  That  they  are  formed 
in  the  liver  and  not  merely  excreted  by  it,  is 
shown  by  the  fact  that,  while  they  accumulate 
in  the  blood  if  the  bile  duct  is  ligatured,  they 
do  not  appear  if  the  liver  is  excluded  from  the 
circulation. 

Action  of  Bile  Salts.— (I)  The  bile  salts  are 
solvents  of  fats  and  fatty  acids,  and  they  thus 
assist  in  the  digestion  and  absorption  of  fats. 
When  bile  is  excluded  from  the  intestines  no 
less  than  30  per  cent  of  the  fats  of  the  food  may 
escape  absorption  and  appear  in  the  fseces. 
When  this  is  the  case,  as  in  jaundice  from  ob- 
struction of  the  bile  duct,  the  fseces  have  a 
characteristic  white  or  grey  appearance  from  the 
abundance  of  fat. 

(2)  These  salts  keep  cholesterin  in  solution. 

(3)  They  lower  the  surface  tension  of  solu- 
tions, and  in  this  way  they  may  bring  the  fat 
particles  into  more  intimate  contact  with  the 
mucous  membrane. 

(4)  While  the  salts  have  no  action  on  proteins, 
free  taurocholic  acid  precipitates  native  proteins 
and  acid  proteate.  In  the  human  intestine 
this  is  an  action  of  no  importance. 

(5)  These  salts  are  powerful  htemolytic 
agents,  and  rapidly  dissolve  haemoglobin  out 
of  the  erythrocytes. 

Bile  Pig?nents. — These  amount  to  only  about 
0'2  per  cent  of  the  bile.  In  human  bile  the 
chief  pigment  is  an  orange  -  brown,  iron  -  free 
substance,  bilirubin,  CgjHggN^Og,  while  in  the 


bile  of  herbivora,  bilive?-din,  a  green  pigment 
somewhat  more  oxidised  than  bilirubin,  CgqHgg 
N^Og,  is  more  abundant.  By  further  oxidation 
with  nitrous  acid,  other  pigments — blue,  red, 
and  yellow  —  are  produced,  and  this  is  used 
as  a  test  for  the  presence  of  bile  pigments 
(Gmelin's  test). 

The  pigments  are  closely  allied  to  haemato- 
porphyrin  and  hfematoidin  (see  p.  6),  and  they 
are  derived  from  hgemoglobin.  Their  amount 
is  gi-eatly  increased  when  haemoglobin  is  set 
free  or  injected  into  the  blood.  That  they  are 
formed  in  the  liver  is  shown  by  the  fact  that, 
when  the  liver  is  excluded  from  the  circulation, 
the  injection  of  htemoglobin  does  not  cause  their 
formation. 

The  liver  has  the  property  of  excreting  not 
only  these  pigments  formed  by  itself,  but  also 
other  pigments.  Thus  the  liver  of  the  dog  can 
secrete  the  characteristic  pigment  of  sheep's 
bile  when  this  is  injected  into  its  blood. 

Cholesterin  is  a  monatomic  alcohol — CggH^j 
OH — which  occurs  free  in  small  amounts  in  the 
bile.  It  is  very  insoluble  and  is  kept  in  solu- 
tion by  the  salts  of  the  bile  acids.  It  readily 
crystallises  in  rhombic  plates,  generally  with 
a  notch  out  of  the  corner.  On  account  of  its 
insolubility,  when  it  is  in  excess  in  the  bile  or 
when  the  bile  salts  are  decreased,  it  may  form 
concretions  or  biliary  calculi  —  gall  stones  — 
which  may  accumulate  in  the  gall  bladder  and 
may  get  caught  in  the  bile  passages,  obstructing 
the  flow  of  bile  and  leading  to  its  absorption 
throughout  the  system.  Jaundice  is  thus  pro- 
duced. When  these  stones  are  forced  along 
the  bile  passages  as  a  result  of  muscular  con- 
traction, intense  agony — biliary  colic — may  be 
produced.  When  they  are  passed  by  the 
rectum,  their  nature  is  readily  demonstrated 
by  breaking  them  up  in  a  mortar,  dissolving 
in  hot  alcohol,  and  allowing  the  solution  to 
cool,  when  the  characteristic  crystals  separate 
out.  The  source  of  the  cholesterin  of  the  bile 
is  not  definitely  known.  It  is  not  an  excretion 
of  cholesterin  formed  elsewhere,  because  the 
injection  of  cholesterin  does  not  lead  to  an 
increase  in  the  amount  in  the  bile.  According 
to  Naunyn's  observations  it  is  most  abundant 
in  cases  of  inflammation  of  the  bile  passages, 
and  he  therefore  thinks  that  it  is  formed  by 
the  bi'eaking  down  of  the  epithelium  lining 
these  ducts. 

Fats  and  Lecithin. — The  true  fats  and  the 
phosphorus  containing  lecithin  are  present  in 
small  amovmts  in  the  bile,  and  apparently  they 
are  derived  from  the  fats  of  the  liver  cells,  and 
they  may  be  increased  in  amount  by  the  ad- 
ministration of  fatty  food. 

Nucleo-protein  and  Mucin.  —  The  bile  owes 
its  viscosity  to  the  presence  of  a  mucin-like 
body,  which,  however,  does  not  yield  sugar 
on  boiling  with  an  acid  and  which  contains 
phosphorus.    It  is  precipitated  by  acetic  acid, 
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but  the  precipitate  is  soluble  in  excess.  It  is 
therefore  a  nucleo-protein.  In  some  animals 
a  certain  amount  of  mucin  is  also  present. 

Inorganic  Constituents. — The  most  abundant 
salt  is  calcium  phosphate.  Phosphate  of  iron 
is  present  in  traces.  Sodium  carbonate,  calcium 
carbonate,  and  sodivim  chloride  are  the  other 
chief  salts. 

2.  Floiv  of  Bile.  —  The  bile,  when  secreted 
by  the  liver  cells,  may  accumulate  in  the  bile 
passages  and  gall  bladder  to  be  expelled  under 
the  influence  of  the  contraction  of  the  muscles 
of  the  ducts  or  of  the  pressure  of  the  abdominal 
muscles  upon  the  liver.  The  flow  of  bile  into 
the  intestine  thus  depends  upon  —  1st,  The 
secretion  of  bile ;  2nd,  the  expulsion  of  bile 
from  the  bile  passages.  It  is  exceedingly 
difficult  to  separate  the  action  of  these  two 
factors.  The  flow  of  bile  in  the  human  subject 
has  now  been  studied  in  several  cases  in  which 
the  surgeon  has  had  to  make  a  fistula  into  the 
gall  bladder  through  which  all  the  bile  secreted 
escaped  and  could  be  collected. 

The  flow  of  bile  begins  in  intra-uterine  life 
before  the  twelfth  week,  and  it  continues  with- 
out intermission  throughout  the  whole  of  life, 
even  during  very  prolonged  fasts. 

The  taking  of  food  increases  the  flow  of 
bile,  and  the  extent  to  which  it  is  increased  de- 
pends largely  on  the  kind  of  food  taken.  In 
the  dog  a  protein  meal  has  the  most  marked 
effect,  a  fatty  meal  has  a  marked  eff'ect,  and  a 
carbohydrate  meal  hardly  any  effect.  The 
increased  flow  of  bile  following  the  taking  of 
food  does  not  reach  its  maximum  till  six  or 
nine  hours  after  the  food  is  taken,  and  some 
observers  have  found  that  the  period  of  maxi- 
mum flow  is  even  further  prolonged. 

Pavloff  found  in  dogs,  in  which  a  biliary 
fistula  had  been  made  leaving  the  opening  of 
the  bile  duct  in  the  mucous  membrane  of  the 
intestine,  that  an  ex/pidsion  of  bile  follows  the 
taking  of  food  and  the  secretion  of  pancreatic 
juice,  and  Starling  finds  that  the  flow  of  bile 
is  increased  by  the  injection  of  secretin.  It 
thus  tends  to  run  parallel  with  the  flow  of 
pancreatic  juice. 

When  the  individual  is  taking  a  liberal  diet, 
the  secretion  of  bile  appears  to  be  greater  than 
when  the  diet  is  low. 

In  fever  there  is  a  very  marked  fall  in  the 
secretion,  the  fluid  flowing  from  a  fistula  be- 
coming colourless  and  almost  devoid  of  bile 
salts  and  pigments. 

Certain  drugs  markedly  modify  the  formation 
of  bile — the  salts  of  the  bile  acids  stimulating 
the  liver  to  form  more  solids  and  to  secrete 
more  water,  the  salicylates  acting  in  much 
the  same  way,  and  all  drugs  which  cause 
haemolysis  —  i.e.  the  solution  of  the  pigment 
of  the  erythrocytes  —  producing  an  increased 
formation  of  bile  pigments. 

Influence  of  Nerves  upon  the  Flow  of  Bile. — 


(a)  Expulsion  of  Bile. — There  is  good  evidence 
that  nerve  fibres  pass  to  the  muscles  of  the 
bile  passages  and  that  they  may  cause  an  ex- 
pulsion of  bile  by  stimulating  them  to  contract. 

(Jj)  Secretion  of  Bile. — There  is  no  evidence 
that  nerve  fibres  act  directly  upon  the  secretion 
of  bile.  This  appears  to  be  governed  by  the 
nature  of  the  material  brought  to  the  liver  by 
the  blood  and  by  the  activity  of  the  liver  cells. 
It  is  an  example  of  function  regulated  by 
chemical  substances  rather  than  by  a  nerve 
mechanism. 

3.  Mode  of  Formation  of  Bile. — It  has  been 
seen  that  the  bile  salts  and  pigments  are  actu- 
ally formed  in  the  liver  cells,  and  there  is  good 
evidence  that  the  water  of  the  bile  is  not  a 
mere  transudation  but  is  the  product  of  the 
living  activity  of  these  cells.  The  pressure 
under  which  bile  is  secreted  may  be  determined 
by  fixing  a  cannula  in  the  bile  duct  or  in  a 
biliary  fistula  and  connecting  it  with  a  water 
manometer.  In  man  the  pressure  is  as  much 
as  20  to  30  mm.  Hg,  while  the  pressure  in  the 
portal  vein  of  the  dog  is  only  7  to  16  mm.  Hg. 

4.  Nature  and  Functions  of  Bile. — Bile  is  not 
a  secretion  of  direct  importance  in  digestion. 
It  has  practically  no  action  on  proteins  or 
carbohydrates,  and  its  action  on  fats  is  merely 
that  of  a  solvent,  and  possibly  by  its  action  on 
the  surface  tension  of  the  intestinal  contents. 
Pavloff'  maintains  that  it  activates  the  lipase 
of  the  pancreatic  juice,  and  others  have  found 
that  it  increases  the  activity  of  trypsin  and 
diastase.  It  may  thus  be  considered  as  an 
adjuvant  to  the  action  of  pancreatic  juice.  Its 
secretion  in  relationship  to  food  does  not  in- 
dicate that  it  plays  an  active  part  in  digestion. 
It  is  formed  during  intra-uterine  life  and  during 
fasting,  and  it  is  produced  many  hours  after 
food  is  taken,  when  digestive  secretions  are  no 
longer  of  use  in  the  alimentary  canal.  Diges- 
tion can  go  on  quite  well  without  the  presence 
of  bile  in  the  intestine,  except  that  the  fats  are 
not  so  well  absorbed.  The  composition  of  bile 
strongly  suggests  that  it  is  a  waste  product. 
The  pigment  is  the  result  of  the  decomposition 
of  haemoglobin  and  the  acids  are  the  result  of 
protein  disintegration. 

All  these  facts  seem  to  indicate  that  bile 
is  the  medium  by  which  the  waste  products 
of  hepatic  metabolism  are  eliminated,  just  as 
the  waste  products  of  the  body  generally  are 
eliminated  by  the  kidneys. 

Bacterial  Action  in  the  Alimentary  Canal. — 
With  the  food  and  saliva  numerous  micro-or- 
ganisms of  very  diverse  character  are  swallowed. 
It  has  been  suggested  that  the  leucocytes 
formed  in  the  lymphoid  tissue  at  the  back  of 
the  mouth  and  pharynx  attack  and  destroy 
such  organisms,  but  so  far  definite  proof  of 
this  is  not  forthcoming.  When  the  food  is 
swallowed,  the  micro-organisms  multiply  for 
some  time  in  the  warm  moist  stomach,  and 
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certain  of  them,  by  splitting  sugars,  form  lactic 
and  sometimes  acetic  acid.  But  when  sufficient 
gastric  juice  is  poui-ed  out  for  the  hydrochloric 
acid  to  exist  free,  the  growth  of  micro-organisms 
is  inhibited,  and  some  of  them,  at  least,  are 
killed.  Others  pass  on  into  the  intestine,  and, 
as  the  acid  in  the  chyme  becomes  neutralised, 
the  acid-forming  organisms  begin  to  grow,  and, 
by  splitting  the  sugars,  form  lactic  or  acetic 
acid,  and  render  the  contents  of  the  small 
intestine  slightly  acid.  Towards  the  end  of  the 
small  intestine,  and  more  especially  in  the  large 
intestine,  the  alkaline  secretions  have  neutralised 
these  acids,  and  in  the  alkaline  material  so 
produced  the  putrefactive  organisms  begin  to 
flourish  and  to  attack  any  protein  which  is  not 
absorbed — splitting  it  up  and  forming  among 
other  substances  a  series  of  aromatic  bodies,  of 
which  the  chief  are  indol,  skatol,  and  phenol. 

This  splitting  probably  occurs  through  the 
liberation  of  tryptophane — in  which  amido- 
propionic  acid  is  linked  to  a  pyrrhol-benzene. 


CH2.CH.NH2.CO.OH 
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Amino-propionic  Acid. 


By  the  breaking  down  of  the  amino-propionic 
acid,  skatol — 
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is  formed,  and  by  the  removal  of  the  methyl, 
indol  is  produced — 
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is  a  further  stage  of  disintegration. 

By  taking  embryo  guinea-pigs  at  full  time 
from  the  uterus  and  keeping  them  with  aseptic 
precautions,  it  has  been  shown  that  the  absence 
of  micro-organisms  from  the  intestine  does  not 
interfere  with  digestion. 

The  most  important  and  abundant  organism 


present  in  the  intestinal  tract  is  the  bacillus  coli 
comrmmis,  which  has  a  certain  power  of  splitting 
proteins  and  a  marked  action  in  producing  acids 
from  sugars.  Its  presence  in  water  is  generally 
indicative  of  sewage  contamination. 

Fate  of  the  Digestive  Secretions. — 1.  Water. — • 
Although  it  is  impossible  to  state  accurately 
the  average  amount  of  the  various  digestive 
secretions  poured  into  the  alimentary  canal  each 
day,  it  must  be  very  considerable,  probably  not 
far  short  of  3000  c.cms.,  or  something  consider- 
ably more  than  one-half  of  the  whole  volume  of 
the  blood.  Only  a  small  amount  of  this  is 
given  off  in  the  fseces,  and  hence  the  greater 
part  must  be  reabsorbed.  There  is  thus  a 
constant  circulation  between  the  blood  and  the 
alimentary  canal,  or  what  may  be  called  an 
entero-hcemal  circulation.  One  portion  of  this 
is  particularly  important.  The  blood-vessels  of 
the  intestine  pass  to  the  liver,  and  many  sub- 
stances, when  absorbed  into  the  blood  stream, 
are  again  excreted  in  the  bile  and  thus  are 
prevented  from  reaching  the  general  circulation. 
Among  these  substances  are  the  salts  of  the  bile 
acids  and  their  derivatives,  many  alkaloids  such 
as  curarine,  and  in  all  probability  a  set  of 
animal  alkaloids  called  ptomaines  formed  by 
putrefactive  decomposition  of  proteins  in  the 
gut.  If,  from  disturbances  in  the  functions  of 
the  liver,  these  are  allowed  to  pass  through  that 
organ,  the  feelings  of  lassitude  and  discomfort 
which  are  associated  with  intestinal  dyspepsia 
are  produced.  The  liver  thus  forms  a  protec- 
tive barrier  to  the  ingress  of  certain  poisons. 

2.  Enzymes. — Ptyalin  appears  to  be  destroyed 
in  the  stomach  by  the  hydrochloric  acid. 
Pepsin  is  probably  partly  destroyed  in  the 
intestine,  but  it  seems  also  to  be  absorbed  and 
excreted  in  the  urine ;  for,  on  the  addition  of 
hydrochloric  acid,  the  urine  has  a  peptic  action 
on  proteins.  Trypsin  appears  to  be  destroyed 
in  the  alimentary  canal ;  but  the  fate  of  the 
other  pancreatic  enzymes  and  of  the  enzymes  of 
the  succus  entericus  is  unknown. 

3.  Bile  Constituents. — 1.  The  bile  salts  are 
partly  reabsorbed  from  special  parts  of  the 
small  intestine  —  sodium  glycocholate  being 
taken  up  in  the  jejunum  and  taurocholate  in 
the  ileum.  The  acids  of  these  salts  are  also 
partly  broken  up.  The  glycocholic  acid  yields 
amido-acetic  acid,  which  is  absorbed  and  passes 
to  the  liver  to  be  excreted  as  urea ;  while  the 
taurocholic  acid  yields  amido-isethionic  acid 
which  goes  to  the  liver  and  yields  urea  and 
probably  sulphuric  acid.  The  fate  of  the 
cholalic  acid  is  not  known,  but  it  is  supposed  to 
be  excreted  in  the  faeces.  2.  The  pigments 
undergo  a  change  and  lose  their  power  of  giving 
Gmelin's  reaction.  They  appear  in  the  faeces 
as  what  may  be  called  stercobilin.  It  is  probably 
formed  by  reduction  of  bilirubin  in  the  intestines 
as  the  result  of  the  action  of  micro-organisms. 
3.  The  cholesterin  is  passed  out  in  the  faeces. 
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Fceces. — The  materials  not  absorbed  from  the 
intestine,  whether  these  are  derived  from  the 
food  or  from  the  alimentary  canal,  are  thrown 
off  from  the  rectum  as  the  fseces.  In  fasting 
animals  these  are  passed  at  long  intervals,  and 
consist  of  mucin,  shed  epithelium,  the  various 
products  of  the  bile  constituents,  and  inorganic 
salts.  In  feeding  animals  the  amount  and 
character  of  the  fseces  depend  largely  upon  the 
amount  and  character  of  the  food,  and  upon  the 
bacteria  which  are  growing  in  the  large  intestine. 
The  unabsorbed  material,  as  it  passes  down 
the  large  intestine,  becomes  inspissated  from 
the  absorption  of  water,  but,  if  much  undigested 
matter  is  present,  water  may  also  be  added,  and 
the  consistence  of  the  fteces  may  thus  be  varied. 
In  the  average  condition  they  contain  about  70 
or  80  per  cent  of  water.  The  colour  is  normally 
lirown,  from  the  ha;matin  of  the  flesh  eaten, 
while  the  sulphide  of  iron  formed  by  the  split- 
ting of  the  hsematin  compounds  in  the  intestine 
may  make  them  darker  in  colour.  On  a  milk 
diet  they  are  light  yellow  in  colour,  and  if  a 
large  excess  of  fatty  food  is  taken,  or  if  fat  is 
not  absorbed,  as  in  jaundice,  they  become  clay- 
coloured.  The  derivatives  of  the  bile  pigments 
play  but  a  small  part  in  colouring  the  fseces. 
In  infants,  before  bacteria  are  introduced  and 
begin  to  exert  their  reducing  action,  the  fseces 
may  be  green  from  the  presence  of  unaltered 
biliverdin. 

The  reaction  of  the  fseces  varies.  Usually 
the  outside  of  the  mass  is  alkaline  from  the 
alkaline  secretion  of  the  intestine,  while  the 
inside  is  acid  from  the  free  fatty  acids  and 
other  acids  formed  by  the  action  of  such  acid- 
forming  bacteria  as  the  bacillus  coli  communis. 
The  amount  of  solid  fseces  depends  on  the 
amount  of  food — a  fairly  average  amount  per 
diem  is  150  grms.  of  dried  solids.  On  a  vege- 
table diet,  from  the  presence  of  undigested 
cellulose,  the  amount  is  very  much  greater. 

The  solids  of  the  fajces  of  a  feeding  animal 
consist  of  the  same  constituents  as  the  fseces  in 
a  fasting  animal,  with  the  addition  of  all  the 
undigested  constituents  of  the  food — elastic  and 
white  fibrous  tissue,  remains  of  muscle  fibres, 
often  fat,  and  the  earthy  soaps  of  the  fatty  acids, 
and,  when  a  vegetable  diet  is  taken,  the  cellu- 
lose of  the  vegetable  cells,  and  frequently  starch. 
The  cellulose,  by  stimulating  the  intestine,  is  a 
valuable  natural  purgative. 

The  odour  is  due  to  the  presence  of  aromatic 
bodies  such  as  indol  and  skatol. 

Meconium  is  the  name  given  to  the  first  fseces 
passed  by  the  child  after  birth.  It  is  greenish- 
black  in  colour,  and  consists  of  inspissated  bile 
and  shed  epithelium  from  the  intestine. 

Alovevients  of  the  Intestine. — These  are  of  two 
kinds — myogenic  and  peristaltic.  The  myogenic 
movements  are  slight  rhythmic  contractions 
which  pass  rapidly  along  the  intestine,  and  are 
insuflficient  to  drive  on  the  contents,  but  are 


probably  of  use  in  churning  and  mixing  them. 
By  feeding  with  food  mixed  with  bismuth,  and 
employing  X-rays,  Cannon  finds  that  the  con- 
tents of  the  small  intestine  get  broken  up  into 
small  segments.  This  is  possibly  due  to  these 
myogenic  movements  (Fig.  163,  p.  63).  These 
movements  occur  when  all  the  nerves  have  been 
divided,  and  when  the  ganglia  in  the  intestinal 
walls  have  been  poisoned  with  nicotine,  and 
they  are  therefore  due  to  the  muscle  fibres 
alone. 

The  peristaltic  movements  are  much  more 
complex  and  powerful.  They  consist  of  a  con- 
striction of  the  muscles,  which  seems  to  be  ex- 
cited by  the  passage  of  the  food,  and  may  be 
caused  by  inserting  a  bolus  of  cotton-wool 
covered  with  vaseline.  Starting  at  the  upper 
end  of  the  intestine,  they  pass  slowly  downwards. 
In  front  of  the  contraction  the  muscular  fibres 
are  relaxed,  and  thus  the  contracting  part  drives 
its  contents  into  the  relaxed  part  below.  These 
peristaltic  movements  go  on  after  the  nerves  to 
the  gut  are  cut,  but  they  are  stopped  when  the 
ganglia  in  the  wall  of  the  intestine  are  poisoned 
with  nicotine.  It  has  therefore  been  concluded 
that  the  nerve  ganglia  in  the  intestinal  wall 
form  a  local  reflex  mechanism,  which  is  stimu- 
lated by  the  presence  of  foreign  matter  in  the 
intestine,  and  which  brings  about  the  co-ordi- 
nated contraction  and  relaxation,  which  together 
constitute  a  true  peristalsis. 

But  while  peristalsis  is  thus  independent  of 
the  central  nervous  system,  it  is  nevertheless 
controlled  by  it.  The  splanchnic  nerves  inhibit, 
while  the  vagus  to  the  small  intestine  and  upper 
part  of  the  large  gut,  and  the  nervi  erigentes 
to  the  lower  part  of  the  large  gut,  are  augmentor 
nerves,  increasing  the  peristalsis.  Stimulation 
of  the  sympathetic  fibres  which  inhibit  the  peri- 
stalsis causes  contraction  of  the  sphincter  be- 
tween the  small  and  large  intestine. 

As  the  contents  of  the  small  intestine  are 
forced  through  the  ileo-csecal  valve,  the  large 
intestine  relaxes  to  receive  them,  and  then  a 
series  of  contractions  passing  from  below  up- 
wards— an  anti-peristalsis — sets  in  by  which  the 
contents  are  very  thoroughly  churned.  After- 
wards they  are  forced  downwards  by  tonic 
peristaltic  waves. 

The  intestinal  movements  are  inhibited  by 
emotions. 

Defecation. — By  the  peristalsis  of  the  intes- 
tine, the  matter  not  absorbed  from  the  wall  of 
the  gut  is  forced  down  and  accumulates  in  the 
part  of  the  rectum  which  passes  horizontally 
forward  to  end  in  the  vertical  anal  canal.  It  is 
prevented  from  escaping  into  this  by  the  sharp 
fold  which  the  last  part  of  the  bowel  makes, 
and  by  the  contraction  of  the  strong  sphincter 
ani  muscle. 

Defsecation  depends  primarily  on  the  intes- 
tinal peristalsis,  without  which  it  cannot  be 
performed.     When  fseces  accumulate  in  the 
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rectum,  the  mucous  membrane  is  stimulated, 
and  impulses  are  sent  up  to  inhibit  a  centre  in 
the  lumbar  region  of  the  cord  which  keeps  the 
sphincter  ani  contracted,  and  the  sphincter  is 
relaxed  and  the  escape  of  faeces  made  possible. 
In  some  diseases  of  the  cord  this  centre  is  stimu- 
lated and  cannot  be  inhibited,  and  thus  defseca- 
tion  is  interfered  with,  while  in  other  diseases, 
when  this  centre  has  been  destroyed,  the 
sphincter  does  not  contract,  and  fseces  may- 
escape  continuously. 

Normally  the  act  of  defsecation  is  partly 
voluntary  and  partly  involuntary.  The  volun- 
tary part  of  the  act  consists  in  closing  the 
glottis  and  making  a  forced  expiration  so  as  to 
press  upon  the  contents  of  the  abdomen,  while 
at  the  same  time  the  perineal  muscles  are  re- 
laxed and  the  rectum  straightened,  and  thus 
the  contents  are  allowed  to  pass  into  the  anal 
canal.  The  act  is  completed  by  the  emptying 
of  the  canal  by  the  contraction  of  the  levatores 
ani  muscles. 

///.  Absorption  OF  Food. — 1.  State  in  vihich 
Food  leaves  the  Alimentary  Canal. — The  carbo- 
hydrates generally  leave  the  alimentary  canal 
as  monosaccharides  ;  but  some  resist  the  action 
of  digestion  more  than  others.  Lactose  seems 
to  be  broken  down  in  the  intestine  only  when 
the  special  lactase  is  present  in  the  succus 
entericus,  but  in  all  cases  it  is  broken  down 
before  it  reaches  the  liver.  Cane  sugar  when 
taken  in  large  excess  may  also  be  absorbed,  and 
it  is  then  excreted  by  the  kidneys. 

The  ^j'o^ems  are  absorbed  as  peptones,  possibly 
as  proteoses,  and  as  the  amino-acids  and  other 
crystalline  compounds  formed  by  the  action  of 
trypsin  and  erepsin  (vol.  vii.,  p.  490).  Native 
proteins  may  be  absorbed  unchanged  from  the 
lower  bowel,  since  it  has  been  found  that  when 
egg  white  is  injected  into  an  isolated  part  of  the 
rectum  it  disappears  to  a  very  considerable 
extent. 

The  fats  are  chiefly  absorbed  as  soaps  and  as 
fatty  acids. 

2.  Mode  of  Absorption  of  Food. — That  absorp- 
tion is  not  due  merely  to  a  process  of  ordinary 
diffusion  or  osmosis  is  clearly  indicated  by  many 
facts. 

(1)  Heidenhain  has  shown  that  absorption  of 
water  from  the  intestine  takes  place  much  more 
rapidly  than  diffusion  through  a  dead  membrane. 

(2)  The  relative  rate  of  absorption  of  different 
substances  does  not  follow  the  laws  of  diffusion. 
Grubler's  peptone  passes  more  easily  through 
the  intestine  than  glucose,  but  glucose  passes 
more  readily  through  parchment  paper,  while 
sodium  sulphate,  which  is  more  diffusible  than 
glucose,  is  absorbed  much  less  readily.  Again, 
as  shown  by  Reid,  an  animal  can  absorb  its  own 
serum  under  conditions  in  which  filtration  into 
blood  capillaries  or  lacteals  is  excluded.  In  such 
a  case  osmosis  cannot  play  a  part.  Absorption 
is  stopped  or  diminished  when  the  epithelium  is 


removed,  injured,  or  poisoned  with  fluoride  of 
sodium,  in  spite  of  the  fact  that  this  must  in- 
crease the  facilities  for  osmosis  and  filtration. 

3.  Channels  of  Absorption. — There  are  two 
channels  of  absorption  from  the  alimentary 
canal  (see  Fig.  115,  p.  10) — the  veins  which  run 
together  to  form  the  portal  vsin  of  the  liver, 
and  the  lymphatics  which  run  in  the  mesentery 
and,  after  passing  through  some  lymph  glands, 
enter  the  receptaculum  chyli  in  front  of  the 
vertebral  column.  From  this,  the  great  lymph 
vessel,  the  thoracic  duct,  leads  up  to  the  junc- 
tion of  the  subclavian  and  innominate  veins, 
and  pours  its  contents  into  the  blood  stream. 
The  lymph  formed  in  the  liver  also  passes  into 
the  thoracic  duct. 

(1)  Proteins. — Peptones  and  the  further  pro- 
ducts of  their  digestion  are  formed  from  pro- 
teins in  digestion,  but  they  seem  to  undergo  a 
change  in  the  intestinal  wall  before  passing  to 
the  tissues,  since  they  are  not  found  in  the 
blood.  That  in  some  altered  condition  they 
leave  the  intestine  by  the  blood  and  not  by  the 
lymph  is  shown  by  the  fact  that  their  absorp- 
tion is  not  interfered  with  by  ligature  of  the 
thoracic  duct. 

During  the  digestion  of  proteins  the  number 
of  leucocytes  is  enormously  increased,  some- 
times to  more  than  double  their  previous 
number,  and  in  all  probability  it  is  they  which 
carry  the  products  of  digestion  from  the  intes- 
tine. According  to  the  observations  of  Pohl, 
the  leucocytes  are  derived  from  the  lymph 
tissue  in  the  intestinal  wall,  but  more  recent 
experiments  tend  to  show  that  they  come  from 
the  bone  marrow,  being  probably  attracted  to 
the  intestine  by  a  positive  chemiotaxis.  By 
breaking  down  in  the  blood  stream  they  prob- 
ably set  free  the  proteins  for  use  in  the  tissues. 

When  an  excess  of  proteins  is  taken  in  the 
food,  it  is  broken  down  in  the  lining  membrane 
of  the  gut,  and  the  nitrogen  is  rapidly  excreted 
in  the  urine  as  urea,  and  thus  the  entrance  of 
an  excess  of  nitrogen  to  the  tissues  is  prevented. 
Its  non-nitrogenous  part  remains  available  as  a 
source  of  energy. 

It  has  been  pointed  out  that  gastric  juice 
does  not  dissolve  the  nucleo-proteins,  but  that 
the  pancreatic  juice  does  so.  Phosphorus  is 
undoubtedly  absorbed  in  organic  combination, 
but  the  mode  of  absorption  and  the  channels  by 
which  it  passes  from  the  intestine  have  not 
been  investigated. 

(2)  Carbohydrates. — Although  the  chief  mono- 
saccharid  formed  in  digestion  is  dextrose,  others 
are  also  produced — laevulose  from  cane  sugar 
and  galactose  from  milk  sugar.  All  these  are 
absorbed  in  solution,  and  are  carried  away  in 
the  blood  of  the  portal  vein. 

(3)  Fats. — After  being  split  up  into  the  com- 
ponent acids  and  glycerin,  fats  pass,  as  soluble 
soaps  or  as  fatty  acids  soluble  in  the  bile, 
through  the  borders  of  the  intestinal  epithelium. 
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Here  they  appear  to  be  again  converted  into 
fats  by  a  synthesis  of  the  acid  with  glycerin. 
Fine  fatty  particles  are  found  to  make  their 
appearance  in  the  cells  at  some  distance  from 
the  free  margin  and  to  increase  in  size.  A 
similar  synthesis  occurs  even  when  free  fatty 
acids  are  given,  so  the  cells  must  be  capable  of 
producing  the  necessary  glycerin  to  combine 
with  the  acids.  The  fats  are  sent  on  from  the 
cells,  through  the  lymph  tissue  of  the  villi,  into 
the  central  lymph  vessels,  and  thus  on,  through 
the  thoracic  duct,  to  the  blood  stream.  Unlike 
the  proteins  and  carbohydrates,  they  are  not 
carried  directly  to  the  liver. 

IV.  Fate  of  the  Food  Absorbed 

The  food  absorbed  may  be — 

(A)  used  immediately  as  a  source  of  energy, 
for  (1)  the  Construction  or  Reconstruction  of 
Tissues;  (2)  the  Production  of  Mechanical  Work; 
(3)  the  Production  of  Heat ; 

Or  (JB)  it  may  be  stored  for  future  use  in  the 
body. 

The  processes  of  construction  and  repair  of 
the  tissues  and  the  production  of  mechanical 
work  have  already  been  considered  (vol.  vii., 
p.  492  et  seq.),  and  the  production  of  heat  and 
the  regulation  of  temperature  may  now  be  dealt 
with. 

I.  Production  of  Heat  and  Regulation  of 
Temperature 

1.  Production  of  Heat. — A.  Muscle. — The 
production  of  heat  in  muscle  has  been  already 
studied  (vol.  vii.  p.  511).  It  has  been  shown 
that  muscle,  from  its  great  bulk  and  constant 
activity,  is  the  main  source  of  heat  in  the  body. 
Not  only  may  it  be  demonstrated  that  the 
temperature  of  contracting  muscle  rises,  but  it 
has  been  found  that  the  temperature  of  blood 
coming  from  the  muscles  is  slightly  higher  than 
that  of  blood  going  to  them.  Muscular  exer- 
cise raises  the  temperature  of  the  body.  The 
shivering  fit  which  is  induced  by  exposure  to 
cold  is  really  a  reflex  reaction  by  which  heat 
production  is  increased.  Drugs  which  interfere 
with  muscular  contraction,  such  as  curare, 
diminish  the  temperature,  and  young  animals, 
before  their  muscular  tissues  become  active, 
have  a  low  temperature  unless  kept  in  a  warm 
atmosphere. 

B.  Glands. — Wherever  chemical  change  goes 
on  in  protoplasm,  heat  is  liberated.  Therefore 
in  glands  during  activity  a  certain  amount  of 
heat  is  produced.  But  the  pi-oduction  in  them 
is  trivial  when  compared  with  the  production  in 
muscle.  During  the  period  of  active  digestion 
the  temperature  of  the  blood  coming  from  the 
liver  may  be  nearly  1°  C.  higher  than  that  of 
the  blood  going  to  the  organ.  The  liver,  alone 
among  glandular  structures,  contributes  an 
appreciable  amount  of  heat  to  the  body,  since 
the  amount  of  blood  passing  through  the  organ 


is  large,  and  thus  a  considerable  amount  of 
heat  is  derived  from  it. 

C.  Brain.  —  Some  physiologists  have  main- 
tained that  the  fact  that  the  temperature  of  the 
brain  rises  during  cerebral  activity  indicates 
that  the  chemical  changes  going  on  are  sufii- 
cient  to  yield  a  certain  amount  of  heat.  But  it 
is  more  probable  that  the  rise  of  temperature  is 
due  to  the  increased  flow  of  blood  through  the 
organ,  since  a  study  of  the  gases  in  the  blood 
coming  from  the  brain  gives  no  indication  of 
any  marked  increase  of  chemical  change  during 
periods  of  increased  cerebral  action. 

2.  Regulation  op  Temperature. — Since  heat 
is  constantly  being  produced,  the  temperature 
of  the  body  would  tend  to  rise  higher  and 
higher,  were  there  not  some  arrangement  by 
which  just  as  much  heat  is  eliminated  as  is  pro- 
duced, and  by  which  the  temperature  is  thus 
kept  constant. 

Elimination  of  Heat. — Heat  is  got  rid  of  by 
three  channels.  A.  Skin. — Since  the  body  is 
generally  warmer  than  the  surrounding  air, 
heat  is  constantly  lost  by  condiiction,  convection, 
and  radiation,  and  the  extent  of  this  loss  de- 
pends mainly  upon  the  difference  between  the 
temperature  of  the  body  and  that  of  the  air. 
Radiation  plays  the  most  important  part  when 
a  person  is  sitting  quiet  in  still  air ;  conduction 
and  convection  when  the  exchange  of  air  over 
the  surface  is  rapid.  The  temperature  of  the 
skin  is  increased  when,  from  dilatation  of  the 
cutaneous  vessels,  more  blood  is  brought  to  the 
surface,  and  conversely  it  is  lowered  by  constric- 
tion of  these  vessels.  The  influence  of  varia- 
tions in  the  temperature  of  the  air  is  generally 
minimised  in  man  by  the  covering  of  clothes, 
and  in  animals  by  the  covering  of  fur  or  feathers, 
which  retains  a  stationary  layer  of  air  at  about 
25°  to  30°  C.  over  the  skin.  It  has  been  calcu- 
lated that  in  man  over  70  per  cent  of  all  the 
heat  is  lost  by  conduction  and  radiation. 

The  loss  of  heat  by  radiation  may  be  deter- 
mined by  finding  to  what  extent  a  thin  metal 
grill  fixed  at  a  definite  distance  from  the  surface 
of  the  body  is  heated.  This  can  be  done  by 
determining  the  change  produced  in  its  electric 
conductivity. 

By  the  evaporation  of  sweat,  heat  is  rendered 
latent,  and  is  taken  from  the  body,  which  is 
thus  cooled  just  as  the  iiand  may  be  cooled  by 
allowing  ether  to  evaporate  upon  it.  If  the 
amount  of  sweat  vaporised  is  known,  it  is 
possible  to  calculate  the  amount  of  heat  re- 
moved from  the  body  in  this  way.  The  loss  is 
comparatively  small — only  about  14  per  cent 
of  the  whole.  The  extent  depends  upon  the 
rapidity  with  which  evaporation  goes  on,  and 
this  is  governed  by  the  amount  of  sweat 
secreted,  and  by  the  dryness  and  temperature 
of  the  atmosphere.  Thus  a  warm  dry  climate  is 
better  borne  than  one  which  is  warm  and  moist, 
since  in  the  former  the  loss  of  heat  by  evapora- 
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tion  is  so  much  greater.  Of  the  various  factors 
increasing  sweat  secretion,  heat  is  probably  the 
most  important. 

Since  the  temperature  of  the  skin  is  governed 
by  the  state  of  the  cutaneous  vessels  and  the 
amount  of  sweat  produced  by  the  state  of  the 
sweat  glands,  and  since  both  of  these  are 
under  the  control  of  the  nervous  system, 
the  elimination  of  heat  from  the  skin  is 
presided  over  by  a  nervous  mechanism. 

B.  Respiratory  Passages. — By  conduction 
and  radiation  and  by  evaporation  from  the 
respiratory  passages,  about  10  per  cent  of 
the  heat  is  got  rid  of  in  man.  In  the  dog 
and  some  other  animals,  the  proportion  of 
heat  eliminated  in  this  way  is  considerably 
greater. 

C.  Urine  and  Faeces.  —  Since  these  are 
warmer  than  the  surrounding  air,  a  certain 
amount  of  heat  is  lost  through  them.  The 
amount  is  small — something  less  than  2  per 
cent  of  the  whole. 

Temperature. — In  all  higher  animals,  the 
loss  of  heat  and  the  production  of  heat  are 
so  nicely  balanced  that  the  temperature 
of  the  body  remains  fairly  constant  under 
all  conditions.  If  an  extra  amount  of  heat 
is  produced,  say  in  muscular  exercise,  it  is  at 
once  eliminated  by  the  skin ;  and,  if  the  body 
is  exposed  to  a  low  temperature,  loss  of  heat  is 
rapidly  checked  by  conti-action  of  the  cutaneous 
vessels  and  diminished  activity  of  the  sweat 
glands. 

Since  heat  is  constantly  being  given  off,  the 
temperature  at  the  surface  of  the  body  is  always 
lower  than  the  temperature  in  the  interior. 
The  temperature  of  the  rectum  may  be  taken 
as  a  measure  of  the  internal  temperature. 

The  mean  daily  temperature  of  a  healthy 


under  abnormal  conditions  the  balance  is  fre- 
quently upset.  Thus  severe  muscular  work 
causes  a  temporary  rise  of  temperature,  because 
heat  elimination  does  not  quite  keep  pace  with 
heat  production.  Exposure  to  very  high  tem- 
peratures may  cause  a  slight  rise  of  temperature, 
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But  the  temperature  varies  throughout  the 
course  of  life. 

°C. 

Infant  .  .  .37-5 
Under  25  years.  .  37-2 
About  40  .  .  .37-1 
Old  Age    .       .       .    37-2  to  37-5 

It  also  varies  throughout  the  course  of  the 
twenty-four  hours,  and  since  this  is  a  matter  of 
great  importance  in  medicine,  it  has  been  very 
carefully  studied  by  many  observers.  The 
difference  is  not  more  than  1°  C.  It  is  lowest 
in  the  early  morning  and  highest  in  the  after- 
noon (Fig.  167). 

Under  all  normal  conditions  the  temperature 
of  man  undergoes  only  small  variations,  because 
the  balance  between  production  of  heat  and 
elimination  of  heat  is  so  well  maintained.  But 


167. — Chart  of  the  daily  variation  of  temperature  in  the  normal 
human  subject  in  degrees  centigrade.  (Eichet.) 

while  exposure  to  excessive  cold  may  cause  a 
slight  fall ;  but,  unless,  in  the  case  of  those 
unable  to  use  their  muscles — e.g.  in  those  suffer- 
ing from  alcoholic  poisoning — the  change  is 
small. 

Although  the  normal  variation  of  temperature 
is  so  small,  life  may  be  sustained  when  the 
temperature  falls  for  a  time  to  about  25°  C,  or 
rises  to  nearly  43°  C.  Cases  are  recorded  in 
which  it  has  even  risen  to  46-6°  C.  without 
death  supervening. 

While  the  higher  "warm-blooded  animals," 
mammals  and  birds,  maintain  a  constant  tem- 
perature, the  lower  vertebrates,  "  cold-blooded 
animals,"  reptiles,  amphibia,  and  fishes,  do  not 
do  so,  and  their  temperature  varies  with  that 
of  the  surrounding  medium. 

But  even  in  mammals  the  mechanism  for  the 
regulation  of  temperature  is  not  absolutely 
perfect,  and  in  every  species  of  animal  there  is 
a  limit  to  the  power  of  adjustment. 

Mammals  which  hibernate  become  for  the 
time  "  cold-blooded  animals,"  and  lose  their 
power  of  regiilating  their  temperature. 

The  regulation  of  temperature  may  be  effected 
either  by  modifying  heat  production,  or  by 
altering  the  rate  of  elimination. 

Heat  production  is  voluntarily  modified  when 
muscular  exercise  is  taken  during  exposure  to 
cold,  and  involuntary  when  muscles  are  set  in 
action  by  a  shivering  fit.  There  is,  however, 
no  evidence  of  the  existence  of  a  special  nervous 
mechanism  presiding  over  heat  production  in 
muscle. 

But  it  is  not  so  much  by  changes  in  the  rate 
of  heat  production,  as  by  alteration  in  heat 
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elimination  through  the  skin,  that  the  tempera- 
ture is  kept  uniform.  The  nerves  to  the 
cutaneous  vessels,  and  to  the  sweat  glands,  are 
the  great  controllers  of  temperature.  It  is 
through  failure  of  this  mechanism  under  the 
action  of  the  toxins  of  micro-organisms  that 
heat  elimination  is  diminished  and  the  tempera- 
ture is  raised  in  fevei's. 

It  is  not  necessary  to  assume  that  there  is  a 
special  heat  regulating  nervous  mechanism, 
since  the  nervous  arrangements  presiding  over 
the  vessels  and  glands  of  the  skin  are  capable 
of  immediately  responding  to  change  of  condition 
calling  for  their  intervention. 

II.  Storage  of  Surj}lws  Food 
A.  Since  bulk  for  bulk  fat  has  more  than 
twice  the  energy  value  of  proteins  or  carbo- 
hydrates, it  is  an  advantage  to  store  surplus 
food  as  fat. 

This  storage  takes  place  chiefly  in  three  situ- 
ations :  (1)  fatty  tissue;  (2)  muscle;  (3)  liver. 

1.  In  Fatty  Tissues. — In  most  mammals  the 
chief  storage  of  surplus  food  is  in  the  fatty 
tissues. 

That  the  fat  of  the  food  can  be  stored  in 
them  is  shown  by  the  fact  that  the  administra- 
tion of  large  amounts  of  fats  different  from 
those  of  the  body  leads  to  their  appearance  in 
those  tissues. 

Fats  are  also  formed  from  the  carbohydrates 
of  the  food.  Feeding  experiments  upon  pigs 
and  other  animals,  carried  out  in  this  country 
by  Laws  and  Gilbert,  have  definitely  proved 
that  sugary  foods  are  changed  to  fat  in  the 
body  and  stored  in  that  form.  The  following 
may  be  given  as  an  example  of  such  experi- 
ments. Two  young  pigs  of  a  litter  were  taken, 
and  one  was  killed  and  analysed.  The  other 
was  fed  for  weeks  on  maize,  the  amount  eaten 
being  weighed  and  the  excretion  of  nitrogen 
by  the  pig  being  determined.  The  animal  was 
then  killed  and  analysed,  and  it  was  found  that 
the  fat  gained  was  more  than  could  be  produced 
from  the  fat  and  protein  of  the  food  eaten.  It 
must  therefore  have  been  formed  from  the 
carbohydrates. 

The  evidence  that  fats  may  be  formed  from 
the  proteins  of  the  food  is  conflicting.  In  the 
ripening  of  cheese  it  is  undoubted  that  under 
the  influence  of  micro-organism  proteins  are 
changed  to  fats,  and  in  all  probability  the  same 
thing  occurs  in  the  formation  of  the  fatty 
adipocere  in  the  muscles  of  the  dead  body 
during  putrefaction.  At  one  time  it  was 
supposed  that  imder  the  influence  of  such 
poisons  as  phosphorus  the  proteins  of  the  cells 
of  the  mammalian  tissues  are  changed  to  fat. 
But  careful  chemical  examination  lias  shown 
that  the  so-called  fatty  degeneration  is  due  to 
accumulation  of  already  existing  fats  in  the 
affected  organs.  Voit  fed  dogs  on  lean  beef, 
and  found  that,  while  all  the  nitrogen  was 


discharged  from  the  body,  the  carbon  was 
retained,  and  he  concluded  that  it  was  retained 
as  fat.  But  he  failed  to  recognise  that  even 
lean  flesh  contains  both  fat  and  glycogen  from 
which  the  fat  can  be  formed.  At  present  we 
have  no  direct  evidence  that  the  fats  of  the  body 
are  formed  from  proteins. 

2.  In  the  Liver. — The  liver  is  a  storehouse 
of  carbohydrates  and  fats  (p.  75).  Lecithin 
is  always  present  in  the  liver,  even  in  prolonged 
fasting. 

3.  In  Muscle. — Some  animals,  as  the  salmon, 
store  fats  within  their  muscle  fibres ;  but  in 
mammals  such  a  storage  is  limited  in  amount. 

B.  Proteins  may,  to  a  small  extent,  be  stored 
in  muscle,  especially  after  a  fast  or  a  prolonged 
illness.  But  in  the  healthy  mammal  it  is 
difficult  to  get  such  a  storage,  except  in  athletic 
training,  where  the  muscles  may  be  enormously 
increased  by  the  building  up  of  the  protein 
derivatives  of  the  food  into  their  protoplasm. 

C.  Carbohydrates  are  stored  to  a  small  ex- 
tent in  the  liver  and  in  the  muscle. 

III.  The  Liver  in  relationship  to  Absorbed 

Food  and  to  the  General  Metabolism, 
The  liver  develops  as  a  couple  of  diverticula 
from  the  embryonic  gut,  and  is  thus  primarily 
a  digestive  gland,  and  in  invertebrates  it  re- 
mains as  a  part  of  the  intestine  both  structur- 
ally and  functionally.  But  in  mammals,  early 
in  foetal  life,  it  comes  to  have  important  re- 
lationships with  the  blood  going  to  nourish  the 
body  from  the  placenta.  The  vein  bringing 
the  blood  from  the  mother  breaks  up  into  a 
series  of  capillaries  in  the  young  liver,  and  in 
these  capillaries  the  development  of  the  cells 
of  the  blood  goes  on  for  a  considerable  time. 
Soon  the  liver  begins  to  seci-ete  bile,  while 
animal  starch  and  fat  begin  to  accumulate  in 
its  cells.  Gradually  the  formation  of  blood 
cells  stops,  and  the  mass  of  liver  cells  become 
larger  in  proportion  to  the  capillaries.  As  the 
foetal  intestine  develops,  the  vein  bringing 
blood  from  it — the  portal  vein — opens  into  the 
capillary  network  of  the  liver,  so  that,  when 
at  birth  the  supply  of  nourishment  from  the 
placenta  is  stopped,  the  liver  is  still  associated 
with  the  blood  bringing  nutrient  material  to 
the  tissues. 

1.  Relation  to  Carbohydrates  —  Glycogenic 
Function.  —  Claude  Bernard  discovered  that 
sugar  is  formed  in  the  liver.  This  formation 
of  sugar  goes  on  throughout  life,  and  on  account 
of  this  constant  supply  the  amount  of  sugar 
in  the  blood  does  not  diminish,  even  when  an 
animal  undergoes  a  prolonged  fast.  In  starva- 
tion there  are  only  two  possible  sources  of  this 
glucose  —  the  fats  and  the  proteins  of  the 
tissues.  There  is  no  conclusive  evidence  that 
fats  can  be  changed  to  sugar  in  the  liver, 
although  it  is  difficult  to  explain  the  large 
amount  of  sugar  which  is  sometimes  excreted 
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in  phloridzin  poisoning,  unless  it  is  formed 
from  fats.  That  it  is  not  all  formed  from 
proteins  is  shown  by  the  fact  that  the  sugar 
which  appears  is  sometimes  greater  than  could 
be  produced  by  the  proteins  broken  down,  as 
indicated  by  the  output  of  nitrogen  (p.  76). 

That  proteins  are  a  source  of  sugary  sub- 
stances is  shown  by  the  amount  of  sugar  which 
is  produced  by  an  animal  rendered  diabetic  by 
removal  of  its  pancreas  and  fed  exclusively  on 
jjroteins.  It  is  therefore  probable  that  in  star- 
vation the  proteins  of  the  body  are  broken  down 
and  their  non-nitrogenous  part  changed  to  sugar. 

But  not  only  does  the  liver  manufacture 
sugar  for  the  tissues  in  starvation,  but,  when 
the  supply  of  sugar  is  in  excess  of  the  demands 
of  the  tissues,  it  stores  it  as  a  form  of  starch — 
glycogen  (see  p.  54) — and  gives  it  out  as  sugar 
as  that  substance  is  required.  On  a  carbo- 
hydrate diet  the  accumulation  of  glycogen  in 
the  liver  is  very  great ;  but  even  on  a  protein 
diet,  in  dogs  at  least,  a  smaller  accumulation 
takes  place.  The  observation  that  the  various 
monosaccharids  are  all  stored  as  the  same  form 
of  glycogen  shows  that  they  must  first  be  assimi- 
lated by  the  liver  protoplasm  and  then  converted 
to  glycogen,  the  process  being  one  of  synthesis. 

The  way  in  which  glycogen  is  again  changed 
to  sugar  is  doubtful.  The  fact  that  the  liver, 
after  treatment  with  alcohol,  can  change  glycogen 
to  glucose,  has  induced  some  physiologists  to 
believe  that  it  is  by  an  enzyme  that  this  con- 
version goes  on  during  life.  But  it  has  been 
shown  (1)  that  the  injection  of  methylene  blue, 
which  poisons  protoplasm  but  does  not  inter- 
fere with  the  action  of  enzymes,  checks  the  con- 
version, and  (2)  that  stimulating  the  splanchnic 
nerves  going  to  the  liver  increases  the  conversion 
of  glycogen  without  increasing  the  amylolytic 
enzyme  in  the  liver  and  blood.  It  is  therefore 
probable  that  the  conversion  results  from 
chemical  changes  in  the  protoplasm  which  are 
controlled  by  the  nerves  of  the  liver. 

If  more  sugar  is  taken  than  the  liver  can 
deal  with,  it  passes  on  into  the  general  circula- 
tion, and  is  excreted  in  the  urine.  Every 
individual  has  a  certain  power  of  oxidising  and 
storing  sugar,  and  most  persons  can  dispose  of 
about  200  grms.  at  a  time.  But  the  carbo- 
hydrate capacity  varies  greatly,  and  even  in 
the  same  individual  it  is  diiferent  under  different 
conditions.  When  the  glycogen  stored  in  the 
liver  is  changed  to  glucose  more  quickly  than 
is  required  by  the  tissues,  the  glucose  may  be 
to  a  certain  extent  again  stored  in  the  muscles  as 
glycogen,  or  it  may  accumulate  in  the  blood 
and  be  excreted  in  the  urine  (glycosuria). 
This  condition  is  seen  when  the  posterior  part 
of  the  floor  of  the  fourth  ventricle  in  a  rabbit 
is  punctured.  If  glycogen  be  abundant  in  the 
liver,  glycosuria  results,  the  stimulation  of  the 
nervous  system  producing  a  too  rapid  conversion 
of  the  glycogen. 


Another  way  in  which  sugar  may  be  made 
to  appear  in  the  urine  is  by  injecting  phloridzin. 
Under  the  influence  of  this  drug  the  sugar  in 
the  blood  is  not  increased.  It  must  be  con- 
cluded that  it  acts  by  causing  the  kidneys  to 
excrete  glucose  too  rapidly,  so  that  it  is  not 
available  for  the  tissues.  But  even  when  carbo- 
hydrates are  withheld  and  cleared  out  of  the 
body,  phloridzin  causes  glycosuria.  Hence  the 
kidneys  must  be  made  to  form  glucose  from 
the  protein  of  the  blood  plasma. 

The  injection  of  large  doses  of  extract  of  the 
suprarenal  bodies  causes  a  glycosuria  with  an 
increase  of  sugar  in  the  blood ;  but  so  far  it  is 
not  known  whether  the  condition  is  one  of 
increased  production  or  of  diminished  utilisation 
of  sugar  (p.  82). 

Removal  of  the  pancreas  also  causes  glycsemia 
and  glycosuria  (p.  84). 

2.  Relation  to  Fats. — Although  the  fats  are 
not  carried  directly  to  the  liver,  as  are  pro- 
teins and  carbohydrates,  they  are  stored  in 
large  amounts  in  the  liver  of  some  animals — e.g. 
the  cod  among  fishes  and  the  cat  among 
mammals.  Animals  which  have  little  power 
of  storing  fat  throughout  the  muscles  and  other 
tissues  generally,  seem  to  have  a  marked 
capacity  for  accumulating  it  in  the  liver.  Even 
in  starvation  the  fats  do  not  disappear  from 
the  liver,  and  throughout  all  conditions  of  life 
a  fairly  constant  amount  of  lecithin,  a  phos- 
phorus and  nitrogen  containing  fat  {see  vol.  vii. 
p.  517),  is  present  in  the  liver  cells.  Lecithin, 
in  the  yolk  of  the  egg,  is  an  intermediate  stage 
in  the  formation  of  the  more  complex  nucleins 
of  living  cells,  and  the  formation  of  lecithin  in 
the  liver  by  the  synthesis  of  glycerin,  fatty 
acids,  phosphoric  acid,  and  cholin  is  probably 
a  first  step  in  the  construction  of  these  nucleins. 
If  this  be  so,  the  fat  of  the  liver  must  play 
an  important  part  in  retaining  and  fixing 
phosphorus  in  the  body. 

3.  Relation  to  Proteins.  —  Along  with  the 
intestinal  wall,  the  liver  regulates  the  supply 
of  proteins  to  the  body.  A  study  of  the 
chemical  changes  in  muscle  has  shown  that 
the  waste  of  protein  is  normally  small  in 
amount,  and  that  a  great  part  of  the  nitrogen 
is  capable  of  being  used  again  if  a  supjily  of 
oxygen  and  carbonaceous  material  is  forth- 
coming (see  vol.  vii.  p.  514).  Hence  the  demand 
for  nitrogen  in  the  muscles  is  small,  and  for 
this  reason,  apparently,  any  excess  of  protein 
in  the  food  is  decomposed,  either  by  trypsin 
and  erepsin  or  by  the  intestinal  wall,  into 
simple  nitrogenous  compounds,  which  are 
changed  into  urea  in  the  liver. 

Urea,  the  chief  waste  substance  excreted  in 
the  urine,  is  the  bi-amide  of  carbonic  acid. 
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It  contains  46 '6  per  cent  of  nitrogen.  It  is 
a  white  substance  crystallising  in  long  prisms. 
It  is  very  soluble  in  water  and  alcohol — in- 
soluble in  ether.  With  nitric  and  oxalic  acids 
it  forms  insoluble  crystalline  salts.  It  is  readily 
decomposed  into  nitrogen,  carbon  dioxide,  and 
water  by  nitrous  acid  and  by  sodium  hypo- 
bromite  in  excess  of  soda. 

Urea  is  chiefly  formed  in  the  Liver. — That 
it  is  not  produced  in  the  kidneys  is  shown  by 
the  following  facts: — (1)  When  these  organs 
are  excised,  urea  accumulates  in  the  blood. 
(2)  When  ammonium  carbonate  is  added  to 
blood  artificially  circulated  through  the  kidney 
of  an  animal  just  killed,  no  urea  is  formed. 

That  it  is  not  formed  in  the  muscles  is  shown 
— (1)  By  the  absence  of  a  definite  increase  in 
urea  formation  during  muscular  activity ;  (2) 
by  the  fact  that  when  blood  containing 
ammonium  carbonate  is  streamed  through 
muscles,  \irea  is  not  produced. 

That  it  is  formed  in  the  liver  is  indicated — 
(1)  By  the  fact  that  when  an  ammonium  salt 
such  as  the  carbonate  dissolved  in  blood  is 
streamed  through  the  organ,  it  is  changed  to 
urea ;  (2)  by  the  observation  that  when  the 
liver  is  cut  out  of  the  circulation,  the  urea  in 
the  urine  rapidly  diminishes,  and  ammonia  and 
lactic  acid  take  its  place. 

The  exclusion  of  the  liver  from  the  circulation 
in  mammals  is  difficult,  because,  when  the 
portal  vein  is  ligatured,  the  blood  returning 
to  the  heart  tends  to  accumulate  in  the  great 
veins  of  the  abdomen.  But  this  difficulty  has 
been  overcome  by  Eck,  who  devised  a  method 
of  connecting  the  portal  vein  with  the  inferior 
vena  cava,  and  finally  occluding  the  portal  vein, 
and  of  thus  allowing  the  blood  to  return  from 
the  abdomen  to  the  heart. 

Sonrce  of  Urea. — Urea  is  produced  from  the 
decomposition  products  of  proteins  of  the  food 
and  tissues  {see  p.  7).  The  manner  in  which 
excess  of  protein  in  the  food  is  broken  down 
into  ammonia  compounds  in  the  intestine  and 
sent  to  the  liver  has  been  already  considered 
(p.  71).  But  the  fact  that  even  in  starvation 
urea  is  produced  seems  to  indicate  that  the 
initial  stages  of  decomposition  of  proteins  may 
go  on  elsewhere  than  in  the  intestinal  wall. 
The  fate  of  hsemoglobin  tends  to  show  that  the 
whole  process  may  be  conducted  in  the  liver 
cells.  When  hsemoglobin  is  set  free  from  the 
corpuscles,  the  nitrogen  of  its  protein  part  is 
changed  to  urea,  while  the  pigment  part  is 
deprived  of  its  iron  and  excreted  as  bilirubin. 
Whether  the  proteins  of  muscle  and  other 
tissues  are  thus  directly  dealt  with,  or  whether 
the  initial  stages  of  decomposition  go  on  outside 
the  liver,  is  not  known.  But  the  wide  dis- 
tribution of  erepsin  through  the  tissues  may 
indicate  that  the  initial  splitting  of  the  protein 
goes  on  in  them. 

The  nitrogen  excreted  is  not  all  in  the  form 


of  urea,  but  some  is  combined  in  ammonia  salts, 
in  uric  acid  and  other  purin  bodies  {see  p.  94), 
and  in  creatinin.  In  the  mammalian  body 
ammonia  and  the  purin  bodies  can  be  changed 
into  iirea,  and  it  is  probable  that  the  small 
amounts  of  these  substances  which  appear  in 
the  urine  have  simply  escaped  this  conversion. 
Certain  drugs  (alcohol,  sulphonal,  etc.)  and 
toxins  (diphtheria)  markedly  decrease  their 
conversion  into  urea  and  so  increase  their 
quantity  in  the  urine.  Although  urea  may  be 
prepared  from  creatin,  there  is  no  evidence  that 
the  process  goes  on  in  the  body.  Creatin  yields 
the  creatinin  of  the  urine. 

It  is  probable  that  after  the  nitrogenous  por- 
tion of  the  protein  molecule  is  split  off  and  got 
rid  of,  the  liver  has  the  further  power  of  turning 
the  non-nitrogenous  part  into  sugar  and  either 
sending  it  to  the  tissues  or  storing  it  as  glycogen. 

Summary  of  the  Functions  of  Liver. — The 
functions  of  the  liver  may  be  briefly  summarised 
as  follows:  —  (1)  It  regulates  the  supply  of 
glucose  to  the  body  (a)  by  manufacturing  it 
from  proteins  when  the  supply  of  carbohydrates 
is  insufficient,  and  (5)  by  storing  it  as  glycogen 
when  the  supply  of  carbohydrates  is  in  excess, 
and  giving  it  off  afterwards  as  required.  (2) 
Along  with  the  intestinal  wall  it  regulates  the 
supply  of  proteins  to  the  body,  by  decomposing 
any  excess,  and  giving  off  the  nitrogen  as  urea, 
etc.  (3)  It  regulates,  in  many  animals  at  least, 
the  supply  of  fat  to  the  body  by  storing  any 
excess.  (4)  It  regulates  the  number  of  ery- 
throcytes by  getting  rid  of  waste  haemoglobin 
and  retaining  the  iron  for  further  use  {see 
p.  6).  (5)  From  the  part  it  plays  in  the 
entero-hepatic  circulation,  it  protects  the  body 
against  certain  poisons  by  excreting  them  in 
the  bile  {see  p.  67). 

V.  General  Metabolism 
Having  considered  how  the  food  is  digested 
and  absorbed,  and  how  it  is  then  either  stored 
or  at  once  used  {a)  for  building  up  and  repairing 
the  tissues,  or  (fi)  as  a  source  of  energy,  the  rate 
at  which  the  various  chemical  changes  go  on  and 
the  factors  modifying  them  may  be  dealt  with. 

The  changes  in  the  two  great  constituents 
of  the  body — proteins  and  fats — have  to  be 
separately  studied. 

1.  Method  of  Investigating. — A.  Protein 
Metabolism. — The  amount  of  protein  used  in 
the  body  is  readily  calculated  from  the  amount 
of  nitrogen  excreted,  since,  under  normal  con- 
ditions, unless  nitrogen  in  some  unusual  com- 
bination is  being  taken,  it  is  derived  entirely 
from  the  proteins  in  the  body.  Proteins  contain 
16  per  cent  of  nitrogen,  and  hence  each  grm. 
of  nitrogen  excreted  is  derived  from  6-25  grms. 
of  protein. 

The  nitrogen  is  almost  entirely  excreted  in 
the  urine.  Only  a  small  amount  escapes  by 
the  bowels  and  skin,  and  hence  only  when  very 
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accurate  observations  are  desired  is  it  necessary 
to  analyse  the  faeces  and  sweat. 

B.  Metabolism  of  Fats.  —  Proteins  contain 
nearly  three  and  a  half  times  as  much  carbon 
as  nitrogen,  and  hence,  when  they  are  broken 
down,  for  each  grm.  of  nitrogen  excreted,  3*4 
grms.  of  carbon  are  given  off. 

The  carbon  is  chiefly  excreted  from  the  lungs 
as  carbon  dioxide,  and  in  this  form  it  may  be 
collected  and  estimated. 

Any  excess  of  carbon  excreted,  over  the  3"4 
times  the  amount  of  nitrogen  given  off,  must 
be  derived  from  the  fats  of  the  body  or  from 
the  fats  and  carbohydrates  taken  in  the  food. 
Any  carbon  retained  in  the  body,  apart  from 
that  in  proteins,  is  stored  ultimately  as  fat. 
Since  carbon  constitutes  76*5  per  cent  of  fats, 
the  amount  of  fat  is  calculated  by  multiplying 
the  carbon  by  1"3. 

The  following  tabular  example  of  an  investi- 
gation of  the  metabolism  may  be  given  : — 


Intake  in  Grams. 

Output. 

C. 

N. 

C. 

N. 

Proteins 

100 

54 

16 

Fats  . 

100 

76 

Carbohydrates  . 

400 

200 

330 

16 

300 

14 

Two  grms.  of  nitrogen  are  retained  as  protein  ; 
that  is,  2  X  6'25  =  12'5  grms.  of  protein — are 
being  daily  laid  on.  Thirty  grms.  of  carbon 
are  also  retained  in  the  body,  and  of  this  3 '4  x 
2  =  6'8  grms.  are  combined  with  the  nitrogen 
in  the  protein.  The  remainder,  23 -2  grms.,  go 
to  form  fats,  the  amount  of  which  is  23*2  x  1"3 
=  30'16  grms.  of  fat. 

2.  Metabolism  during  Fasting. — When  the 
usual  supply  of  energy  in  the  food  is  cut  off, 
the  animal  liberates  the  energy  required  by 
oxidising  its  own  stored  material  and  its 
tissues.  This  is  shown  by  the  fact  that  the 
animal  loses  weight  and  goes  on  excreting 
carbon  dioxide,  urea,  and  the  other  waste  pro- 
ducts of  the  activity  of  the  tissues. 

Several  prolonged  fasts  have  been  undertaken 
by  men,  and,  in  one  or  two  of  these,  careful 
observations  have  been  made  by  physiologists. 
It  has  been  found  that  during  the  first  day  or 
two  of  a  fast,  the  individual  goes  on  using 
proteins  and  fats  at  something  like  the  same 
rate  as  he  did  while  taking  food,  but  that 
gradually  he  uses  less  and  less  protein  each 
day.  This  is  well  shown  in  the  case  of  Succi, 
who  underwent  a  fast  of  thirty  days. 

Day  of  Fast.     Protein  used  Fat  used, 

in  Grms. 

1st  104  Not  estimated. 

10th  51  170 

20th  33  170 

29th  31  163 


It  is  from  the  stored  fats  that  the  energy  is 
chiefly  derived,  and  the  result  of  this  is  that 
before  death  the  fats  of  the  body  are  largely 
used  up.  The  protein-containing  tissues  waste 
more  slowly  and  waste  at  different  rates,  the 
less  essential  being  used  up  more  rapidly  than 
the  more  essential,  which,  in  fact,  live  upon 
the  former.  In  cats  deprived  of  food  till  death 
supervened  the  heart  and  central  nervous  system 
had  hardly  lost  weight ;  the  bones,  pancreas, 
lungs,  intestines,  and  skin  each  had  lost  between 
10  to  20  per  cent  of  their  weight,  the  kidneys, 
blood,  and  muscles  between  20  to  30,  and  the 
liver  and  spleen  between  50  to  70. 

The  rate  of  waste  during  a  fast  depends  upon 
the  amount  of  energy  required,  and  it  is  there- 
fore increased  by  muscular  work  and  by  ex- 
posure to  cold.  When  a  man  is  kept  quiet  and 
warm  and  supplied  with  water,  a  fast  of  thirty 
days  may  in  some  cases  be  borne  without  injury. 

3.  Effect  of  Feeding. — When  food  is  given 
to  a  fasting  animal  or  man,  the  first  effect  is  to 
increase  the  rate  of  wasting  by  calling  into 
action  the  muscles  and  glands  concerned  in 
digestion.  The  result  is  an  immediate  increase 
in  the  excretion  of  nitrogen  and  carbon,  indicat- 
ing an  increased  breaking  down  of  proteins 
and  fats.  It  has  been  found  that  in  the  dog  a 
diet  of  white  bread  and  butter  increased  the 
metabolic  processes  by  an  amount  equivalent 
to  about  10  per  cent  of  the  energy  value  of  the 
diet.  For  this  reason,  to  give  an  animal  which 
is  fasting  a  diet  containing  just  the  amount  of 
nitrogen  and  of  carbon  which  the  animal  is  ex- 
creting, will  not  at  once  stop  the  loss  of  weight. 
Suppose,  for  instance,  that  to  a  fasting  animal 
using  daily  30  grms.  of  the  proteins  and  160 
grms.  of  the  fats  of  his  body,  a  diet  containing 
these  amounts  is  given,  the  disintegration  of 
proteins  and  of  fats  will  at  once  rise,  say,  to 
50  grms.  of  protein  and  280  of  fat.  Thus  the 
result  will  be  that,  instead  of  his  losing  30 
grms.  of  protein,  he  will  lose  only  20  grms. 
per  diem,  and  instead  of  160  grms.  of  fat,  only 
120  grms.  But,  if  the  diet  is  sufficient  to 
supply  the  energy  required,  in  a  few  days  the 
intake  and  output  will  balance,  and  the  indi- 
vidual is  then  said  to  be  in  metabolic  equi- 
librium, and  he  neither  gains  nor  loses  weight. 
The  following  table  and  Fig.  168  give  an  idea 
of  how  this  adjustment  of  the  metabolism  is 
reached : — 


Day. 

Intake. 

Disintegrated. 

Waste 
diminished  to. 

Protein. 

Fat. 

Protein. 

Fat. 

Protein.  Fat. 

1 

0 

30 

160 

2 

30 

160 

50 

280 

20  120 

3 

30 

160 

40 

240 

10  60 

4 

30 

160 

30 

200 

0  40 

5 

30 

160 

30 

160 

0  0 

6 

30 

160 

30 

160 

0  0 
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If  the  amount  of  food  be  further  increased, 
a  small  proportion  of  the  proteins  and  a  larger 
proportion  of  the  fats  are  retained,  and  weight 
is  gained.  As  already  indicated,  the  power  of 
storing  proteins  is  generally  small  (see  p.  74). 

Protein  Diet. — Proteins  contain  all  the  chemi- 
cal elements  required  for  the  building  and 
repair  of  the  tissues,  and  from  the  complexity 
of  their  molecules  they  also  supply  latent  energy. 
It  is  therefore  theoretically  possible  for  an 
animal  to  sustain  life  on  proteins,  and  certain 
animals  can  be  fed  exclusively  upon  them. 
Thus  Pfliiger  kept  a  dog  for  many  months  upon 
a  purely  protein  diet  without  injury  to  its 
health.    But  to  supply  the  necessary  energy  in 
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FlO.  168. — To  show  the  effects  on  the  metabolism  of  proteins 
and  fats  of  feeding  a  fasting  animal.  Tlie  continuous  hori- 
zontal lines  indicate  the  amount  of  material  metabolised, 
the  broken  horizontal  lines  the  amount  taken.  The  differ- 
ences between  the  levels  of  these  indicate  the  amount  of 
protein  and  of  fats  of  the  animal  body  whicli  are  metabolised. 
The  first  column  represents  the  condition  in  fasting — the 
succeeding  columns  the  intake  and  output  eacli  day  when 
food  is  given. 

proteins  alone  requires  the  consumption  of  ex- 
cessively large  quantities.  For  a  man  to  get 
the  energy  equivalent  to  3000  calories — a  very 
moderate  expenditure  per  diem — he  would  have 
to  eat  more  than  seven  times  the  usual  amount 
of  proteins.  Further,  it  has  been  shown  that, 
when  large  quantities  are  taken,  the  greater 
portion  is  broken  up  in  the  intestinal  wall  and 
formed  into  urea  by  the  liver  and  excreted  by 
the  kidney,  and  thus  excessive  work  is  thrown 
upon  these  excretory  organs.  While  these 
organs  usually  form  and  excrete  about  33  grms. 
of  urea  per  diem,  on  such  a  diet  they  would 
have  to  deal  with  no  less  than  231  grms. 

It  is  therefore  not  advantageous  to  adopt  a 
too  purely  protein  diet.  The  great  use  of  pro- 
teins is  as  muscle-builders.  When  the  muscles 
are  in  a  state  of  constant  activity  they  have  a 
certain  power  of  laying  on  protein  as  they  grow. 
Hence  the  value  of  proteins  in  muscular  training. 

Gelatin,  although  undergoing  digestion  and 


absorption  like  the  proteins,  is  not  available  as 
a  muscle-builder.  Its  sole  use  is  as  an  energy 
yielder,  and  in  this  respect  it  has  a  value  equal 
to  the  proteins. 

Carbohydrate  Diet.  —  Carbohydrates  are  of 
equal  value  with  proteins  as  a  source  of  energy, 
but  they  contain  no  nitrogen,  and  they  are  not 
available  alone  for  building  up  and  repairing 
the  protoplasm  of  muscles  and  other  tissues. 
Carbohydrates  alone  will  not  support  life,  but 
when  added  to  proteins  they  enable  the  animal 
to  do  with  smaller  quantities  of  the  latter. 
They  are  thus  sonaetimes  tevmedi  protein  sparers. 
Their  use  in  diminishing  the  consumption  of 
proteins  is,  however,  strictly  limited. 

Fat  Diet. — Fats,  like  carbohydrates,  will  not 
support  life,  because  they  cannot  be  used  for 
building  up  protoplasm ;  but,  like  carbohydrates, 
they  are  a  source  of  energy,  and  they  have  more 
than  twice  the  energy  value  of  proteins  or  of 
carbohydrates  (p.  53).  They  are  thus  protein 
sparers.  But  experiment  has  shown  that,  in 
spite  of  their  higher  energy  value,  they  have 
not  the  same  power  as  carbohydrates  of  sparing 
proteins,  since  their  digestion  and  absorption  is 
more  difficult.  Thus  while  theoretically  1  grm. 
of  carbohydrate  yields  4"1  calories  of  energy, 
1  grm.  taken  in  the  food,  since  it  is  not  all 
absorbed  and  used,  yields  4 "03  calories  of 
energy.  But  fat,  which  theoretically  yields 
9 "3  on  account  of  its  less  availability,  yields  in 
the  body  only  8'93  calories.  That  is,  while 
carbohydrates  yield  97  per  cent  of  their  energy, 
as  determined  by  the  calorimeter,  fats  yield 
only  92  per  cent  of  their  energy. 

When  once  absorbed,  fats  are  iso-dynamic 
with  the  equivalent  amount  of  carbohydrates. 
This  has  been  determined  by  replacing  the 
carbohydrates  in  a  diet  with  the  equivalent 
amount  of  fat. 

A  knowledge  of  the  part  played  by  proteins, 
carbohydrates,  and  fats  in  the  animal  body  is 
the  groundwork  of  the  study  of  dietetics. 

VI.  Dietetics 

The  object  of  dietetics  is  to  fit  the  supply  of 
matter  and  energy  in  the  food  to  the  require- 
ment of  the  body  under  different  conditions. 

The  great  essentials  of  a  diet  capable  of 
maintaining  health  are  : — 

1st.  That  it  should  be  capable  of  digestion, 
absorption,  and  assimilation,  i.e.  that  it  should 
be  available. 

2nd.  That  it  should  supply  the  energy 
required. 

3rd.  That  it  should  contain  sufficient  proteins 
to  make  good  the  waste  of  these  substances. 

I.  The  Availability  of  the  Food. — While 
proteins,  carbohydrates,  and  fats  in  the  ali- 
mentary canal  undergo  the  changes  already 
described,  they  are  frequently,  when  taken  in 
the  food,  in  an  unfavourable  state  for  the  action 
of  digestive  juices.    Thus,  while  the  proteins  of 
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flesh  are  exposed  to  the  gastric  and  pancreatic 
secretion,  the  proteins  of  many  vegetables, 
unless  carefully  prepared,  cooked,  and  masti- 
cated, are  protected  and  escape  digestion  and 
absorption.  The  same  may  be  said  of  the  crude 
starch  of  vegetables.  The  digestibility  and 
value  as  an  article  of  diet  of  the  cellulose  and 
allied  substances  in  plants  is  an  important 
question  at  present  requiring  further  investi- 
gation. 

The  fats  of  vegetables  are  also  generally  in  a 
less  favourable  state  for  digestion  than  the  fats 
of  animals. 

When  once  digested  there  seems  to  be  no 
difference  in  the  absorbability  and  assimilability 
of  the  proximate  principles  of  vegetables  and 
animals.  A  given  weight  of  vegetable  protein 
or  vegetable  fat  may  be  substituted  for  the 
same  quantity  of  animal  protein  or  fat. 

As  a  result  of  the  differences  in  digestibility, 
the  availability  of  food-stuffs  varies.  The 
following  table  serves  to  show  some  of  these 
variations : — 

Availability  of  Food-Stuffs 


Flesh 

Egg- 
Milk 
Bread 

Potatoes  (boiled) 
Carrots  (raw)  . 


Protein. 

98 
97 
89-99 
88 
73 
61 


Per  Cent  Absorbed. 


Fat. 

98 
98 
96 


Carbohydrate. 


100 
98 
98 
82 

In  an  ordinary  mixed  diet  the  availability  of 
the  three  proximate  principles  is  about — 

Protein.  Fat.  Carbohydrate. 

92  95  97 

And  hence  in  such  a  diet  the  available  energy 
value  is  less  than  the  energy  value  of  the 
principles  of  the  food  as  determined  in  the 
calorimeter. 

Thus  in  a  mixed  diet  the  available  energy 
value  of  1  grm.  of — 

Protein  is  4'05  calories. 

Fat  is  8-93 
Carbohydrates  is  4 '03  ,, 

The  availability  of  almost  any  article  of  food 
varies  with  the  state  of  the  teeth  and  the 
digestive  organs  of  the  individual,  with  the 
manner  in  which  it  is  eaten — whether  leisurely 
or  too  rapidly  and  without  proper  mastication, 
and  with  the  manner  in  which  it  is  prepared. 
For  example,  the  mode  of  manufacture  of  the 
flour  used'  in  bread-making  has  a  very  marked 
influence  upon  the  amount  digested  and  absorbed. 
In  vegetable  foods  especially  the  thoroughness 
of  the  cooking  has  a  most  important  influence 
on  the  availability  of  their  constituents. 

By  assimilation  is  meant  the  taking  of  the 
food  constituents  from  the  blood  by  the  muscle 
and  other  tissues  so  that  they  may  be  used. 


Apparently  the  only  substances  which  can  be 
freely  assimilated  and  used  by  the  tissues  are 
the  three  proximate  principles  of  the  food, 
although  alcohol,  and  possibly  some  other 
similar  substances,  may  be  utilised  to  a  small 
extent. 

II.  The  Energy  Requirements. — The  energy 
requirements  of  the  individual,  which  the  food 
has  to  meet,  vary  with  the  age  and  size  and 
with  the  mode  of  life. 

Size. — Other  things  being  equal,  a  large  man 
requires  more  energy  and  more  pi-otein  than  a 
small  man.  For  this  reason  the  energy  require- 
ments are  sometimes  stated  as  per  unit  of 
weight,  but  it  is  more  convenient  to  take  as  the 
standard  an  adult  man  of  average  weight,  say 
65  kgs.  It  must  further  be  remembered  that 
the  smaller  the  animal  the  greater  the  surface 
in  proportion  to  its  weight ;  and  hence  the 
greater  the  loss  of  heat  per  unit  of  weight. 
For  this  reason  alone  small  animals  and  children 
require  more  energy  per  unit  of  weight  than 
larger  animals  or  older  people. 

Age. — In  children  the  metabolism  is  more 
active  than  in  adults.  They  are  more  con- 
stantly in  motion,  they  require  energy  and 
material  to  build  up  their  tissues,  and,  as  just 
stated,  the  loss  of  heat  per  unit  of  weight  is 
greater  than  in  their  elders.  Weight  for 
weight,  a  child  thus  requires  a  greater  supply 
of  energy  than  a  man.  The  following  results, 
based  upon  observations  on  diets  recorded  by 
Camerer,  illustrate  this : — 


Age. 

Weight  in 
Kilos. 

Energy  used  per 
Kilo  in  Calories. 

Total  Energy 
in  Calories. 

4 

14 

91-3 

1280 

12 

30 

57-7 

1730 

30 

66 

42-4 

2800 

It  will  thus  be  seen  that  the  energy  require- 
ments of  children  at  different  ages  may  be 
stated  in  terms  of  the  requirements  of  an  adult 
man  doing  average  work.  Atwater  formulates 
this  as  follows  : — 

Taking  a  man  at  .  .  .    I  "0 

A  woman      is  equivalent  to  0'8  of  a  man. 

A  boy  of  14  to  16  „  0-8  „ 

A  girl       „  „  0-7  „ 

A  child  10  to  13  „  0-6  „ 

,,      6  to   9  ,,  0'5  ,, 

2  to   5  „  0-4  „ 

,,     under  2  ,,  0'3  ,, 

Mode  of  Life. — A  person  kept  warm  and  at 
rest  requires  much  less  energy  than  if  he  is 
required  to  do  muscular  work  and  is  exposed  to 
cold. 

The  energy  requirements  of  the  body  under 
different  conditions  may  be  determined  by 
measuring  the  amount  of  energy  given  off. 

This  has  been  done  by  enclosing  the  indivi- 
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dual  to  be  studied  in  a  Respiratory  Calorimeter 
Chamber. 

The  most  complete  and  elaborate  chamber  of 
this  kind  which  has  yet  been  constructed  is 
that  made  by  Drs.  Atwater  and  Rosa,  working 
under  tiie  Board  of  Agriculture  of  the  U.S.A. 
Government. 

This  consists  of  a  double-walled  room  built 
in  the  laboratory,  in  which  a  person  may  be 
kept  for  several  days  at  a  time.  It  is  provided 
(1)  with  an  arrangement  by  which  air  is 
supplied  and  the  amount  of  air  measured ;  (2) 
with  an  arrangement  by  which  the  heating  of 
the  air  and  the  amount  of  water  vaporised  may 
be  measured ;  (3)  with  an  air-tight  double 
window  through  which  the  food  may  be  supplied 
and  the  excreta  passed  out.  Inside  is  a  folding- 
bed,  writing-table  and  chair,  and  an  ergometer 
consisting  of  a  fixed  bicycle  working  against  a 
known  resistance.  With  this  chamber  it  is 
possible  to  measure — 

1.  The  work  done  on  the  bicycle. 

2.  The  heat  given  off.  This  is  measured  by 
the  extent  to  which  water  circulating  in  special 
coils  is  heated  and  water  vaporised. 

3.  The  excretion  of  matter.  This  is  deter- 
mined by  analysing  the  air  entering  and  the 
air  leaving  the  chamber,  and  thus  finding  the 
amount  of  CO2  and  H^O  given  ofl:'  and  by 
analysing  the  other  excretions  for  nitrogen  and 
carbon. 

4.  The  composition  and  energy  value  of  the 
food. 

Thus  an  accurate  measurement  can  be  made 
of  the  intake  of  matter  and  energy  in  the  food 
and  the  output  of  matter  and  energy  from  the 
body,  and  thus  the  relationship  between  them 
can  be  determined. 

Using  this  chamber,  Atwater  and  Benedict 
have  made  nineteen  studies  upon  three  different 
men  who  were  kept  in  the  chamber  for  from 
three  to  four  days,  sometimes  at  rest,  sometimes 
doing  mechanical  work  upon  the  stationary 
bicycle. 

The  general  result  of  these  experiments  as 
regards  the  output  of  energy  is  shown  in  the 
table. 


Number 

Average  Output  in  Calories. 

of  Days. 

Heat. 

Work  done. 

Total  Energy. 

Rest 

45 

2250 

0 

2250 

Work  . 

22 

3420 

234 

3654 

This  shows  that  a  man  at  rest  liberated  daily 
about  2250  calories  of  energy,  while,  when 
doing  a  very  moderate  amount  of  muscular 
work,  he  Ulcerates  about  3654  calories. 

An  extensive  study  of  the  diets  of  peoples  of 
all  nationalities  and  of  difterent  occupations 
shows  that,  unless  when  poverty  prevents  it, 
the  food  taken  per  day  is  capable  of  yielding  in 


the  case  of  those  doing  moderate  muscular 
work  about  3300  calories,  of  those  at  rest 
about  2700  calories,  and  of  those  doing  active 
muscular  work  5500  calories. 

Benedict  states  the  energy  requirement  of 
men  doing  difterent  amounts  of  work  as 
follows : — 

Sedentary  life       .       .       2700  calories. 
Light  muscular  work    .        3050  ,, 
Moderate  „  „        .  3400 

Hard       ,,  ,,       .       4150  ,, 

Just  as  the  coal  consumption  of  an  engine 
increases  as  the  work  to  be  done  is  increased, 
so  the  food  consumption  of  man  increases  with 
the  work  to  be  undertaken. 

It  might  be  objected  to  this  method  of 
arriving  at  a  conclusion  as  to  the  energy  re- 
quirements of  the  body,  that  the  amount  of 
energy  eliminated  as  heat  depends  simply  iipon 
the  amount  of  food  taken,  and  that  these  results 
do  not  indicate  what  is  actually  required,  but 
that  the  surplus  food  must  be  got  rid  of  in 
some  way  since  our  power  of  storing  it  as  fat 
is  fortunately  limited ;  that  the  body  simply 
behaves  like  an  engine  in  which,  if  we  put 
more  coal  on  the  furnace,  more  heat  will  be 
given  off  whether  the  engine  has  to  work  or 
not.  But  it  has  been  ascertained  that,  when 
the  supply  of  energy  in  the  food  is  less  than 
the  amount  which  these  methods  lead  us  to 
believe  is  necessary,  the  tissues  of  the  body 
begin  to  be  used,  and  the  body  loses  weight. 

This  is  very  clearly  shown  by  the  following 
observation  on  convicts.  When  the  observation 
was  begun  their  diet  yielded  above  3900 
calories  per  diem,  and  the  waste  of  food  was 
very  great.  To  obviate  this,  the  diet  was  cut 
down  to  what  was  considered  sufficient  to 
yield  the  energy  required — to  yield  about  3500 
calories.  At  once  complaints  of  insufficient 
feeding  became  rife,  waste  stopped,  and  the 
convicts  generally  lost  weight.  The  diet  was 
insufficient,  and  they  were  living  partly  on 
their  tissues.  The  diet  was  therefore  increased 
to  yield  about  3700  calories,  and  the  men  no 
longer  lost  weight. 

It  must  be  remembered  that  the  gross  energy 
of  the  diet  must  be  in  excess  of  the  «e<  re- 
quirements of  the  body,  since  all  the  energy  of 
the  food  is  not  available  {see  p.  79). 

It  is  therefore  safe  to  conclude  that  for  a 
labouring  man  the  supply  of  energy  must  he  about 
3500  calories  per  day. 

III.  Protein  Requirements. — Since  proteins 
are  essential  for  the  building  up  of  the  tissues, 
a  certain  quantity  must  be  taken  in  the  food. 
But  since  any  excess  of  proteins  is  simply 
broken  up  and  the  nitrogenous  part  excreted, 
it  is  at  least  uneconomical,  if  not  prejudicial,  to 
take  more  protein  than  is  necessary.  Many 
experiments  have  been  made  to  determine  the 
smallest  amount  of  proteins  upon  which  life 
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can  be  maintained,  and  conflicting  results  have 
been  arrived  at.  Various  investigators  have 
succeeded  in  maintaining  a  nitrogenous  equili- 
brium for  short  periods  on  an  intake  of  protein 
no  greater  than  that  metabolised  in  fasting. 

Chittenden  has  recorded  a  prolonged  series 
of  investigations  upon  this  question,  by  which 
he  shows  that  in  five  professional  men  for 
periods  of  from  seven  to  nine  months,  in  eight 
student  athletes  for  from  four  to  seven  months, 
and  in  thirteen  soldiers  for  five  months,  a 
nitrogenous  equilibrium  and  perfect  physical 
and  mental  health  could  be  maintained  with  an 
intake  of  from  35  to  56  grms.  of  protein  per 
diem. 

The  work  done  by  these  individuals  is  not 
recorded,  but  from  the  daily  routine  of  the 
soldiers,  whose  chief  work  appears  to  have  been 
two  hours'  exercise  in  a  gymnasium,  it  must  be 
classed  as  very  moderate.  The  fact  that  the 
energy  value  of  the  diets  in  the  case  of  the 
soldiers  was  only  2500  to  2800  calories  seems 
to  confirm  the  opinion  that  they  were  not  called 
upon  to  do  severe  work. 

While  these  results  certainly  prove  that  men 
can  maintain  health  and  muscular  efficiency  for 
long  periods  on  about  half  the  amoimt  of 
protein  which  is  usually  consumed,  they  do  not 
demonstrate  that,  in  the  case  of  those  subjected 
to  strenvious  and  sustained  muscular  work,  such 
a  reduction  is  desirable,  nor  do  they  indicate 
that  in  growing  children  a  reduction  in  the 
amount  of  protein  usually  consumed  may  be 
safely  allowed.  A  study  of  a  very  large  series 
of  dietaries  of  different  races  shows  that,  unless 
absolutely  prevented  by  poverty,  the  average 
man  consumes  over  100  grms.  of  protein  per 
diem,  and  that  those  in  muscular  training  tend 
to  consume  very  much  larger  amounts.  Bearing 
in  mind  the  importance  of  proteins  as  muscle 
builders,  it  is  safe  to  conclude  that  in  the 
labouring  classes  about  120  grms.  of  proteins 
should  be  alloived  per  man  per  diem. 

IV.  Part  played  by  Carbohydrates  and  Fats. 
— The  carbohydrates  and  fats  have  to  supply 
the  energy  not  supplied  by  the  proteins.  The 
amounts  which  must  be  consumed  will  thus 
depend,  first,  on  the  amount  of  protein  taken, 
and,  second,  on  the  energy  requirement  of  the 
individual.  If  120  grms.  of  protein  are  taken, 
this  will  yield  492  calories  of  energy,  while  if 
only  50  are  consumed,  205  calories  will  be 
yielded.  The  diff"erence  between  these  amounts 
and  the  total  energy  requirements  of  the  person 
must  be  made  up  from  carbohydrates  and  fats. 
In  the  case  of  a  working  man  requiring  3500 
calories,  and  consuming  120  grms.  of  protein 
per  diem,  this  leaves  about  3000  calories  to  be 
supplied  by  fats  and  carbohydrates. 

In  determining  the  proportionate  amounts  of 
these,  two  factors  have  to  be  considered — first, 
the  relative  cost,  and,  second,  the  limitation  of 
the  power  of  digestion  of  each. 

VOL.  VIII 


Carbohydrates  are  enormously  cheaper  than 
fats  as  a  source  of  energy.  Margarine  at  8d. 
per  lb.  will  yield  435  calories  for  a  penny,  while 
sugar  at  2|d.  per  lb.  will  yield  1860  calories 
for  the  same  sum.  But  the  use  of  carbohydrates 
as  a  source  of  energy  is  limited  by  the  fact 
that  in  most  individuals  digestive  disturbances 
are  apt  to  supervene  if  more  than  from  500  to 
600  grms.  are  consumed. 

A  diet  should  therefore  not  contain  much 
more  than  500  grms.  of  carbohydrates,  and 
these  will  yield  2050  calories  of  energy. 

This  leaves  about  950  calories  to  be  supplied 
by  fats,  an  amount  which  is  nearly  met  by  100 
grms.  of  fat  yielding  930  calories  of  energy. 
This  quantity  of  fat  most  people  can  easily  digest. 
A  typical  diet  for  an  average  man  doing  moderate 
muscular  work  would  thus  be — 


Proteins 
Carbohydrates 
Fats  . 


Amount. 

120 
500 
100 


Energy  Value  in 
Calories. 

492 
2050 
930 


3472 


or  very  nearly  the  3500  calories. 

A  reference  to  Atwater's  table  gives  the 
dietary  requirements  of  a  woman  or  of  a  child 
of  any  age,  and  thus  renders  it  easy  to  make 
out  the  diet  of  a  family  or  public  institution. 

The  subject  of  dietetics  cannot  be  left  without 
alluding  to  the  influence  of  two  very  universally 
used  materials — alcohol  and  tea. 

Alcohol. — The  influence  of  alcohol  may  ^be 
considered  under  two  heads. 

\st.  Before  Absorption.  —  Moderate  doses  of 
alcohol  taken  along  with  food  do  not  appear  to 
interfere  with  the  digestion  and  absorption  of 
proteins,  of  carbohydrates,  or  of  fats.  When 
taken  apart  from  food  and  in  such  excessive 
doses  as  to  act  as  an  irritant  and  to  cause 
catarrh  of  the  alimentary  canal,  alcohol  of  course 
has  a  prejudicial  influence. 

2nd.  After  Absorption. — The  tissues  have  the 
power  of  oxidising  a  small  quantity  of  alcohol, 
and  since  the  combustion  of  1  grm.  of  alcohol 
liberates  7  "06  calories  of  energy,  alcohol  must 
be  regarded  as  a  food  just  in  the  same  way  as 
sugar  is  a  food.  The  amount  of  alcohol  which 
can  be  thus  oxidised  varies  in  diff'erent  indi- 
viduals, but  the  average  man  cannot  use  more 
than  50  grms.  per  diem.  This  is  iso-dynamic 
with  85  grms.  of  proteins  or  carbohydrates. 
Any  alcohol  taken  above  the  amount  which  can 
be  oxidised  is  excreted  in  the  urine  and  breath, 
and  in  its  passage  through  the  body  it  acts  as 
a  poison  to  the  protoplasm,  first  diminishing 
its  activity  and  so  diminishing  the  rate  of 
waste,  and,  secondly,  causing  the  death  of  the 
protoplasm  and  the  removal  of  the  broken-down 
nitrogenous  constituents  in  the  urine.  Its 
poisonous  action  on  the  liver  is  demonstrated 
by  the  diminished  building  vip  of  urea,  so  that 
a  greater  quantity  of  waste  nitrogen  is  excreted 
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in  other  forms.  In  moderate  doses  it  stimulates 
the  heart  and  dilates  the  arterioles,  and  thus  no 
marked  change  in  the  blood  pressure  is  pro- 
duced. On  the  nervous  system  its  action  seems 
to  be  purely  toxic.  Its  first  action  in  checking 
the  activity  of  metabolism,  along  with  its  in- 
fluence in  producing  dilatation  of  the  cutaneous 
vessels,  is  taken  advantage  of  in  its  use  in  the 
treatment  of  high  temperature  in  some  fevers. 

Tea,  coffee,  and  cocoa  have  as  their  essential 
constituents  the  substances  theine  and  caffeine, 
which  are  methyl  derivatives  of  xanthin,  a 
diureide  which  is  excreted  in  the  urine  {see  p.  87). 
They  tend  to  paralyse  the  sensory  mechanism 
of  the  brain,  and  hence  abolish  the  sense  of 
fatigue.  They  stimulate  the  heart  and  the 
secreting  action  of  the  kidneys,  but  they  have 
no  effect  upon  the  metabolism.  Cocoa  nibs 
contain  about  8  per  cent  of  protein  and  about 
50  per  cent  of  fat.  Cocoa  is  therefore  an 
energy-yielding  food. 

Section  VII. — -Internal  Secretions  or 
Hormones — Their  Production  and  Action 
The  products  of  the  metabolism  of  the  various 
organs  are  carried  away  in  the  lymph  and  blood, 
and  certain  of  these  products  exercise  an  im- 
portant influence  upon  other  structures  in  the 
body.  Thus,  the  carbon  dioxide  produced  in 
muscle  acts  upon  and  stimulates  the  respiratory 
centre,  and  the  secretion  formed  in  the  lining 
membrane  of  the  duodenum  stimulates  the 
pancreas.  These  products  have  been  termed 
internal  secretions,  while  more  recently  the 
name  Hormones  or  "Activators"  has  been 
suggested  for  them. 

Among  the  structures  which  are  known  to 
yield  such  hormones  are  : — 

1.  Suprarenal  Bodies. — These  structures  lie 
just  above  the  kidneys  Each  consists  of  a 
tough  co7-tex  composed  of  epithelial-like  cells 
arranged  in  columns,  and  a  soft  medulla  con- 
sisting of  cells  derived  from  neuron  cells  which 
stain  of  a  peculiar  brown  colour  with  chromic 
acid.  The  medulla  is  developed  from  the  sym- 
pathetic chain  of  ganglia.  The  cortex  is  a 
perfectly  independent  structure  derived  from 
the  surrounding  mesoblast,  and  in  teleostean 
fishes  it  is  quite  apart  from  the  representative 
of  the  medullary  part.  A  suprarenal  body  is 
thus  two  distinct  and  independent  organs  com- 
bined with  one  another  (Fig.  169). 

Long  ago  Brown-Sequard  found  that  removal 
of  these  bodies  causes  great  muscalar  weakness, 
loss  of  tone  of  the  vascular  system,  loss  of 
appetite,  and  finally  death  in  a  short  time. 
Addison  had  already  pointed  out  that  a  similar 
set  of  symptoms,  accompanied  by  pigmentation 
of  the  skin,  is  associated  with  diseased  conditions 
of  these  organs  in  man.  The  injection  of  small 
quantities  of  the  medullary  portion  of  the  bodies, 
or  of  extracts  of  it,  exercises  a  powerful  effect  on 
the  endings  of  the  thoracico-abdominal  visceral 


nerves.  The  most  marked  result  is  to  cause 
contraction  of  the  arterioles  and  an  enormous 
rise  in  the  blood  pressure.  That  the  action  is 
upon  the  endings  of  these  nerves  is  shown  by 
the  fact  that  M'Fie  found  no  action  on  the  heart 
of  the  chick  in  which  the  nerves  are  not  yet 
developed,  while  Brodie  has  failed  to  get  any 


Fig.  169.— Section  through  cortex  and  medulla  of  the 
suprarenal  l)ody  of  a  mammal ;  a,  6,  c,  d,  cortex  ;  f,  medulla. 

effect  on  the  vessels  of  the  lungs  in  which  the 
sympathetic  nerve  terminations  are  said  to  be 
absent.  Further,  apocodeine,  which  poisons  the 
nerve  endings,  abolishes  the  effect  of  suprarenal 
extracts. 

Cardiac  inhibition  is  produced — but  this  may 
be  due  to  the  rise  of  blood  pressure.  It  is 
abolished  by  the  administration  of  atropin. 

These  extracts  also  cause  a  dilatation  of  the 
pupil  (vol.  vii.  p.  537)  in  the  cat,  and  they  in- 
hibit intestinal  peristalsis.  Their  action  on  the 
bladder  varies  according  to  the  action  of  the 
sympathetic  fibre,  which  is  different  in  different 
animals.  In  those  in  which  these  fibres  cause 
contraction,  extract  of  the  suprarenal  acts  in 
this  way  ;  in  those  in  which  relaxation  is  caused, 
the  extract  causes  relaxation.  With  blood- 
vessels which  are  not  supplied  with  vaso-con- 
strictor  fibres,  e.g.  those  of  the  lungs  and  heart, 
the  extract  does  not  act,  and  hence  a  rush  of 
blood  to  the  lungs  is  caused. 

As  already  indicated  (p.  75),  injections  of 
extracts  of  the  suprarenal  bodies  profoundly 
modify  the  metabolism,  leading  to  an  increase 
of  sugar  in  the  blood  and  to  its  excretion  in  the 
urine.  This  is  best  marked  when  the  animal  is 
well  fed  and  has  a  store  of  glycogen  in  its  liver ; 
but  since  it  occurs  in  fasting  animals,  after  the 
stored  carbohydrates  have  been  cleared  out  by 
the  administration  of  phloridzin  (p.  74),  it 
would  appear  to  be  due,  in  part  at  least,  either 
to  a  non-utilisation  of  sugar  by  the  tissues  or  to 
an  increased  production  of  sugar  from  proteins. 
A  decrease  in  the  nitrogen  in  the  form  of  urea 
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and  an  increase  of  that  in  ammonia,  similar  to 
that  found  in  cases  of  true  diabetes,  have  also 
been  observed.  It  has  been  suggested  that  the 
suprarenal  secretion  acts  through  the  pancreas 
by  preventing  the  formation  of  the  internal 
secretion  which  has  been  supposed  to  act  on 
the  liver  (see  p.  84).  But  the  evidence  is  not 
satisfactory. 

Its  continued  administration  produces  ather- 
oma of  the  aorta. 

The  essential  principle  of  the  suprarenals  is  a 
substance,  adrenalin,  which  is  of  the  nature  of 
a  secondary  alcohol  linked  to  a  benzene  ring. 
Various  more  or  less  successful  attempts  have 
been  made  to  prepare  it  synthetically. 

The  functions  of  the  cortex  of  the  suprarenals 
are  unknown. 

2.  Pituitary  Body. — This  lies  at  the  base  of 
the  mid-brain,  and  consists  of  an  anterior  part 
of  nervous  tissue,  some- 
what resembling  the  me- 
dulla of  the  suprarenals, 
and  a  posterior  part  de- 
rived from  the  alimentary 
canal,  and  consisting  of 
masses  of  epithelial  -  like 
cells. 

Removal  of  this  body 
causes  in  cats  and  dogs 
a  fall  of  temperature,  lassi- 
tude, muscular  twitchings, 
dyspnoea,  and  ultimately 
death.  Injection  of  ex- 
tracts of  the  substance  is 
said  to  diminish  these 
symptoms.  In  the  healthy 
animal  the  injection  of  ex- 
tracts of  the  posterior  or 
nerve  parts  of  the  pituitary 
causes  a  rise  of  arterial 
blood  pressure,  a  dilatation 

of  the  kidney,  and  an  increased  flow  of  urine. 
A  repetition  of  the  injection  may  cause  a  fall  of 
blood  pressure,  but  the  dilatation  of  the  kidney 
and  the  increased  flow  of  urine  are  produced. 

3.  Thyroid  Gland  (Fig.  170).— This  structure 
is  formed  as  a  hollow  outgrowth  for  the  an- 
terior part  of  the  alimentary  canal,  which 
branches  and  again  branches.  It  early  loses  its 
connection  with  the  alimentary  canal,  and  be- 
comes cut  up  by  fibrous  tissue  into  a  number  of 
small  more  or  less  rounded  cysts  or  follicles, 
each  lined  with  epithelium,  and  filled  with  a 
mucus-like  substance,  which  contains  a  nucleo- 
protein,  and  a  substance  with  a  marked  power 
of  combining  with  iodine.  This  has  been  called 
iodothyrin.  It  contains  about  3 '6  per  cent  of 
iodine,  and  it  seems  to  be  the  active  constituent 
of  the  internal  secretion  of  the  gland. 

The  removal  of  the  thyroid  usually  leads  to 
a  train  of  symptoms  which  varies  somewhat  in 
different  animals,  but  is  essentially  the  same  in 
nearly  all.    The  connective  tissues  tend  to  re- 


vert to  the  embryonic  conditions,  and  the  amount 
of  mucin  increases.  The  temperature  falls, 
muscular  tremors  appear,  and  in  dogs  these 
may  go  on  to  convulsions.  They  do  not  dis- 
appear on  removing  the  cortex  cerebri,  but  are 
stopped  by  section  of  the  nerves  to  the  muscles, 
and  thus  they  appear  to  be  spinal  in  origin. 
The  functions  of  the  higher  nervous  system 
become  sluggish,  and  the  animal  frequently 
dies.  By  administering  the  substance  of  the 
thyroid,  or  by  giving  extracts  of  the  thyroid, 
most  of  these  symptoms  may  be  delayed  or 
prevented.  When  thyroid  gland  or  extract  is 
given  to  healthy  animals  in  moderate  doses  it 
causes  an  increased  metabolism  of  both  fats 
and  proteins,  and  may  thus  induce  emaciation. 
These  phenomena  seem  to  indicate  that  one 
function  of  the  organ  is  to  produce  an  internal 
secretion,  which  regulates  the  rate  of  the  meta- 


FlG.  170.— Section  through  part  of  the  thyroid  (Th.)  and  a  parathyroid  (P.)  of  a  mammal. 


bolic  processes  in  the  body  by  increasing  them 
when  such  an  increase  is  desirable.  When  the 
thyroid  is  not  developed,  the  growth  and  develop- 
ment of  the  individual  are  partially  arrested, 
and  the  condition  of  cretinism  is  produced. 
Atrophy  of  the  structure  in  adult  life  causes  a 
train  of  symptoms  somewhat  resembling  those 
produced  by  its  removal,  and  constituting  the 
disease  myxmdema.  It  has  been  suggested  that 
a  condition  of  increased  activity  of  the  action  of 
the  heart,  usually  accompanied  by  prominence 
of  the  eyes  and  swelling  in  the  region  of  the 
thyroid — exophthalmic  goitre — may  be  due  either 
to  increased  activity  of  the  structure  or  to  de- 
ficient action  of  the  parathyroids. 

4.  Parathyroids. — Two  to  four  small  nodules 
are  found  in  close  relationship  to  each  lobe  of 
the  thyroid,  often  lying  in  its  substance,  and 
these  are  formed  of  columns  of  cells  with  capil- 
lary blood-vessels  between  them  (Fig.  170). 
More  or  less  successful  attempts  have  been 
made  in  different  animals  to  remove  them  with- 
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out  the  thyroid,  or  the  thyroid  without  them, 
and  the  general  result  of  these  experiments  is 
that  the  nervous  symptoms  which  follow  ordi- 
nary thyroidectomy — the  tremors,  etc. — seem 
to  be  due  to  the  loss  of  the  parathyroids,  while 
the  metabolic  changes  are  probably  due  to  want 
of  the  internal  secretion  of  the  thyroid.  After 
removal  of  the  thyroid  some  observers  have 
found  that  the  parathyroids  undergo  a  change 
and  become  like  the  thyroid. 

5.  Ovaries  and  Testes. — It  is  well  known  that 
removal  of  these  organs  causes  characteristic 
changes  in  the  animal :  a  tendency  to  the  de- 
position of  fat  being  produced,  the  activity  of 
the  central  nervous  system  being  somewhat 
modified,  the  voice  in  the  male  losing  its  mascu- 
line character,  and  the  thymus  persisting,  in  the 
male  at  least,  for  a  considerably  longer  period 
than  in  the  normal.  That  it  is  not  the  tubules 
of  the  testes  but  some  product  of  the  interstitial 
cells  which  acts  in  this  way  is  demonstrated  by 
the  fact  that  ligature  of  the  vasa  deferentia 
which  causes  atrophy  of  the  tubules  does  not 
prevent  the  development  of  sexual  characters. 
Several  years  ago  Brown-Sequard  maintained 
that  the  general  effects  of  atrophy  of  these 
organs  might  be  obviated  by  the  administration 
of  testicular  substance  ;  and  more  recently,  as 
a  result  of  clinical  experience,  the  administration 
of  extracts  of  the  ovaries  has  been  described  as 
relieving  certain  of  the  nervous  symptoms  which 
supervene  on  their  removal  or  atrophy.  It  has 
further  been  found  that  ovarian  substance,  when 
given  to  dogs  whether  male  or  female,  causes 
an  increase  in  the  rate  of  protein  metabolism, 
although  no  similar  action  is  found  with  testi- 
cular substance.  There  is  thus  evidence  that 
the  ovaries,  like  the  thyroid,  form  an  internal 
secretion  having  an  important  action  in  accelerat- 
ing the  metabolism.  It  is  at  least  probable 
that  the  testes  produce  a  similar  substance. 

6.  Thymus. — This  structure  develops  as  an 
epithelial  outgrowth  from  one  or  more  of  the 
brachial  arches  of  the  embryo.  Round  these 
outgrowths  masses  of  lymph-like  tissue  collect, 
and  thus  a  much-lobulated  structure  lying  in 
the  front  of  the  neck  and  upper  part  of  the 
thorax  is  formed.  As  development  goes  on  the 
epithelial  core  of  each  lobule  breaks  up  and 
forms  nests  of  cells  which  are  often  disposed  con- 
centrically and  form  the  corpuscles  of  Hassall. 
These  lie  in  the  loose  lymph-like  tissue,  the 
medulla  of  the  lobule,  the  meshes  of  which  are 
formed  from  the  epithelial  cells,  and  this  is 
surrounded  by  a  cortex  of  more  dense  lymph- 
like tissue.  The  thymus  is  largest  in  relation- 
ship to  the  body  weight  about  the  time  of  birth, 
but  it  continues  to  grow,  although  not  in  propor- 
tion to  the  growth  of  the  body,  till  about  the  age 
of  puberty.  After  about  twenty-four  years  of 
age  it  atrophies  and  is  replaced  by  a  mass  of 
fatty  tissue.  The  Hassall's  corpuscles  seem  to 
atrophy  earlier  than  the  lymph-like  tissue. 


Castration  in  cattle  and  guinea-pigs  markedly 
retards  the  onset  of  atrophy,  so  that  the  thymus 
of  the  ox  is  much  larger  than  that  of  the  bull 
of  the  same  age.    Not  only  so,  but  removal  of 


I'lO.  171. — Section  of  the  lobules  of  the  thymus  to  show  the 
lobules,  with  Hassall's  corpuscles  in  the  central  part. 


the  thymus  in  young  guinea-pigs  seems  to  be 
followed  by  a  more  rapid  growth  of  the  testes. 
It  is  therefore  probable  that  the  thymus  yields 
an  internal  secretion  which  controls  the  growth 
of  the  male  genital  organs. 

The  only  other  effect  of  its  removal  in  young- 
guinea-pigs  is  a  transient  diminution  in  the 
number  of  leucocytes.  This  seems  to  lead  to  a 
diminished  power  of  resisting  the  invasion  of 
those  micro-organisms  —  e.g.  staphylococci — 
which  are  normally  combated  by  the  leucocytes. 

7.  Pancreas. — Excision  of  the  pancreas  in 
dogs  and  other  mammals  produces  a  condition 
of  diabetes — an  increase  of  sugar  in  the  blood, 
its  appearance  in  the  urine,  an  increased  ex- 
cretion of  nitrogen,  and  a  general  emaciation. 
These  symptoms  do  not  occur  when  the  duct 
is  tied  or  occluded  until  degeneration  has  de- 
veloped, but  they  are  invariable  and  immediate 
when  a  sufficient  amount  of  the  gland  is  removed. 
They  are  not  prevented  by  the  administration 
of  pancreas,  either  fresh  or  as  extracts.  The 
sugar  is  formed  from  the  proteins,  since  it 
appears  in  amounts  proportionate  to  the  amount 
of  nitrogen  excreted,  after  all  the  glycogen  has 
been  removed.  The  pancreas  seems  therefore 
to  form  a  hormone  which  either  controls  the 
production  of  sugar  in  the  liver  or  causes  its 
utilisation  by  the  muscles. 

It  has  been  suggested  that  adrenalin  causes 
diabetes  by  checking  the  production  of  this 
hormone  in  the  pancreas.  But  the  facts  that, 
in  ducks  and  geese,  in  which  removal  of  the 
pancreas  does  not  cause  diabetes,  the  injection 
of  suprarenal  extracts  causes  glycosuria,  and 
that  its  administration  increases  the  output  of 
sugar  in  dogs  without  a  pancreas,  are  opposed 
to  the  view  that  it  acts  through  the  pancreas, 
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and  suggest  that  it  must  act  directly  on  the 
liver  or  other  tissues. 

Since  the  only  respect  in  which  the  pancreas 
differs  in  histological  character  from  the  parotid 
gland — removal  of  which  has  no  effect  on  the 
metabolism — is  in  the  presence  of  the  islets  of 
Langerhans,  it  has  been  suggested  that  they 
are  related  to  this  function  of  the  organ.  Some 
recent  observations,  however,  tend  to  show  that 
these  islets  are  not  permanent  structures,  but 
that  they  are  formed  from  and  revert  to  the 
ordinary  secreting  tissue. 

8.  Duodenum.  —  As  already  pointed  out 
(p.  66),  the  duodenum  yields  a  hormone 
{secretin)  which  acts  directly  upon  the  pancreas 
to  stimulate  its  secretion. 

Toxic  Action  and  Immunity 
It  is  not  definitely  known  how  each  of  these 
internal  secretions  performs  its  special  action, 
but  light  seems  to  be  thrown  upon  the  question 
by  the  study  of  the  mode  of  action  of  various 
toxic  substances,  and  the  mode  of  production  of 
a  condition  of  immunity  against  them.  As  will 
be  presentlj^  shown,  a  process  of  the  same  nature 
as  the  production  of  internal  secretions  is  in- 
volved. 

Snake  and  Diphtheria  Toxins. — The  question 
may  be  most  simply  approached  by  considering 
first  the  probable  mode  of  action  of  the  toxin 
or  poison  of  snake  venom,  or  of  that  produced 
by  the  diphtheria  bacillus,  and  the  way  in 
which  protection  against  these  is  established  by 
the  development  of  antitoxins. 

By  injecting  under  the  skin  of  the  horse  in- 
creasing doses  of  such  toxins  the  animal  be- 
comes quite  resistant  to  the  poison.  A  certain 
quantity  of  its  serum  can  then  neutralise  a 
definite  quantity  of  the  toxin,  so  that  if  the 
mixture  of  serum  and  toxin  be  injected  the 
animal  is  uninjured.  Something  has  been 
formed  in  the  horse  which  seizes  on  the  mole- 
cules of  the  toxin  and  makes  them  harmless, 
just  as  when  soda  is  added  to  sulphuric  acid  it 
forms  a  neutral  salt. 

The  two  molecules  have  a  definite  chemical 
aflSnity  for  one  another,  so  that  the  toxin  is  no 
longer  free  to  seize  upon  the  protoplasm  of  the 
animal's  body.  To  explain  this  Ehrlich  has 
suggested  that  the  protoplasm  molecule,  like 
the  protein  molecule  (vol.  vii.  p.  490),  is  to  be 
considered  as  made  up  of  a  central  core  with  a 
number  of  side-chains,  hands,  or  receptors,  which 
play  an  important  part  in  taking  up  nourish- 
ment of  different  kinds,  for  each  variety  of 
which  special  side-chains  have  a  special  affinity 
(Fig.  172).  He  supposes  that  some  of  these 
side-chains  fit  the  toxin  molecule,  and  are  thus 
capable  of  anchoring  it  to  the  cell  and  allowing 
it  to  exercise  its  toxic  action,  and  he  explains 
the  production  of  antitoxin  by  supposing  that, 
as  these  side-chains  get  linked  to  the  toxin  and 
are  thus,  as  it  were,  thrown  out  of  action,  others 


are  produced  to  take  their  place,  since  they  are 
necessary  for  the  nourishment  of  the  protoplasm. 
If  the  toxin  is  continually  administered  in  small 
doses  this  produc- 
tion of  side-chair 
be 
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•,  J.  Fig.  172.— To  illustrate  the  formation 
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into  an  animal  which  afterwards  receives  a  dose 
of  the  toxin,  that  toxin  will  not  act,  and  the 
animal  will  be  immune. 

Typhoid  Toxin. — But  immunity  may  also  be 
estaljlished  not  against  toxins  separate  from 
organisms,  but  against  organisms  which  hold 
their  toxin,  as  in  the  case  of  the  bacillus  of 
typhoid  fever.  Here  repeated  injections  of 
increasing  doses  produce  a  serum  which  has  the 
power  of  destroying  the  organism  when  added 
to  it  even  outside  the  body.  But  this  is  not  a 
simple  combination,  because  if  the  serum  be 
heated  to  55°  C.  it  loses  its  power ;  but  if  a  few 
drops  of  the  fresh  serum  of  an  unimmunised 
animal  be  added,  the  power  is  restored.  Obvi- 
ously the  anti-body  which  destroys  the  organism 
— the  bactericidal  or  bacterilytie  body,  often 
called  the  amboceptor — requires  the  co-operation 
of  another  body  to  enable  it 
to  act,  and  this  body  has  been  ^/  CDTH 
called  the  complement  or  acti- 
vator. Ehrlich  supposes  that  ]  (  d 
the  immune  body  does  link  to 
the  protoplasm  of  the  organ- 
ism, but  that  it  must  in  its 
turn  be  linked  to  the  comple- 
ment. The  figure  may  help 
to  explain  this  (Fig.  173). 

Cytotoxins.  —  Similar  anti- 
bodies, acting  upon  the  cells  viz.-To  iUus- 
of  the  animal  body,  may  be  tVate  the  anchoring 
produced  by  injecting  the  par-  ambS:eptor!''of  to 
ticular  kind  of  cell  into  an      the  cell  by  a  side- 

,      .  ,  .  chain  or  receptor, 

animal  oi  another  species.  sc,  and  the  action 
Thus,  if  human  blood  be  re-  Znf 'L™ 
peatedly  injected  into  a  rabbit 
the  serum  of  the  rabbit's  blood  becomes  hcemo- 
lytic — i.e.  acquires  the  power  of  dissolving  the 
erythrocytes  in  human  blood.  In  this  case  too, 
the  immune  body  requires  the  presence  of  a 
complement,  readily  destroyed  at  a  compara- 
tively low  temperature,  to  enable  it  to  act.  If 
such  hsemolytic  serum  be  injected  into  another 
animal  an  anti-hsemolysin  may  be  developed — a 
body  which  will  antagonise  the  action  of  the 
hsemolysin.    Possibly  this  is  a  body  which  links 
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with  the  amboceptor  to  prevent  its  linking  to 
the  complement. 

Precipitins. — By  the  injection  of  the  proteins 
of  the  blood  of  any  particular  animal  into  an 
animal  of  another  species  a  serum  is  developed 
which  precipitates  the  proteins  of  the  blood  of 
the  first  species  and  of  no  others. 

In  these  various  cases  the  active  body  is 
produced  by  the  throwing  off  of  side-chains 
from  protoplasm,  and  as  these  products  are 
carried  away  in  the  blood  the  process  is  exactly 
analogous  to  the  formation  of  internal  secretions. 

Opsonins.  —  Many  bacteria  after  treatment 
with  the  serum  of  the  animal  are  taken  up  by 
the  leucocytes,  but  if  not  treated  with  serum 
are  not  taken  up.  Apparently  the  serum 
contains  something,  which  has  been  called  an 
opsonin,  which  prepares  the  bacteria  to  be 
devoured.  The  action  of  opsonins  is  destroyed 
by  temperatures  between  55°  and  65°  C.  The 
opsonic  power  of  the  serum  is  often  increased 
by  the  injection  of  small  quantities  of  dead 
bacteria  (vaccines). 

Section  VIII. — -Excretion  of  Matter 
FROM  THE  Body 

A.  Excretion  by  the  Lungs.    B.  Excretion 
by  the  Kidneys 

Urine. — The  water  and  waste  nitrogen  of  the 
body  are  chiefly  eliminated  in  the  urine,  which 
is  secreted  by  the  kidneys. 

The  tests  for  the  various  constittients  of  the 
urine  must  be  studied  practically. 

I.  Physical  Characters. — The  characters  of 
the  urine  depend  largely  on  the  relative  pro- 
portion of  water  and  of  solids  which  are  excreted 
in  it.  At  one  time  it  may  be  very  concentrated, 
while  at  another  time  it  may  be  very  dilute. 
For  this  reason  its  specific  gravity,  which 
depends  upon  the  percentage  of  solids  in  solu- 
tion, varies  within  wide  limits,  being  often  as 
high  as  10.30  and  frequently  as  low  as  1005; 
but  the  average  specific  gravity  is  about  1020. 
It  is  possible  from  the  specific  gravity  to  form 
a  rough  idea  of  the  amount  of  solids  present, 
for,  by  multiplying  the  last  two  figures  by  2'22 
the  amount  of  solids  per  1000  parts  is  given 
approximately. 

Since  the  percentage  of  pigments  in  the  urine 
varies  like  that  of  the  other  constituents,  the 
colour  of  the  urine  shows  wide  divergence  in  the 
normal  condition.  A  concentrated  virine  has  a 
dark  amber  colour,  while  a  dilute  urine  may  be 
almost  colourless.  Under  average  conditions 
the  urine  has  a  straw  yellow  colour. 

The  reaction  of  urine  is  normally  acid  in  man, 
chiefly  from  the  presence  of  acid  sodium  phos- 
phate, NaH^PO^,  and  the  degree  of  acidity  varies 
with  the  concentration.  But  the  acidity  of  the 
urine  may  also  be  varied  by  different  conditions. 
It  is  increased  when  there  is  an  increased  oxida- 
tion of  proteins,  for  the  sulphuric  acid  and 


phosphoric  acid  thus  formed  have  to  be  neu- 
tralised by  combining  with  the  alkalies.  It  is 
decreased  by  taking  alkalies,  or  by  taking  such 
vegetable  salts  as  the  citrate,  malate,  or  tartrate 
of  sodium  or  potassium,  because  these  are  oxi- 
dised in  the  body  and  excreted  as  the  carbonates. 
The  NaHjPO^  may  then  be  changed  to  NajHPO^. 

Urine  is  normally  transparent ;  but  when  it 
has  stood  for  a  few  hours,  a  transparent  cloud 
is  seen  floating  in  it.  This  consists  of  a  mucin- 
like  substance  of  the  nature  of  a  nucleo-protein. 
When  urine  is  alkaline  it  is  turbid  from  the 
separation  of  a  white  deposit  of  calcic  and 
magnesic  phosphates.  In  the  alkaline  urine  of 
herbivora  the  white  deposit  is  chiefly  composed 
of  calcium  carbonate. 

A  brick-red  deposit  of  ui'ates  tends  to  fall  as  the 
urine  cools  when  it  is  concentrated  and  very  acid. 

The  smell  of  urine  is  characteristic,  and  it 
may  be  modified  by  the  ingestion  of  many 
diff"erent  substances. 

II.  Composition. — Since  the  relative  amounts 
of  water  and  solids  vary  within  such  wide 
limits,  the  percentage  composition  of  urine  is 
of  little  moment.  Under  average  conditions 
the  water  constitutes  about  96  per  cent,  and 
the  solids  about  4  per  cent.  Of  these  solids, 
rather  more  than  half  are  organic,  rather  less 
than  half  are  inorganic.  Since  water  and  solids 
are  derived  from  the  water  and  solids  taken 
by  the  individual,  the  amounts  excreted  depend 
upon  the  amounts  taken,  and  must  be  con- 
sidered in  connection  with  them.  Thus,  if  a  man 
takes  little  fluid,  he  will  pass  little  water  in  the 
urine.  If  he  takes  little  food,  a  small  quantity 
of  solids  will  be  excreted  by  the  kidneys. 

Since  excretion  and  ingestion  must  be  studied 
in  relationship  to  one  another,  it  is  convenient 
to  compare  them  during  a  definite  period  of 
time,  and  the  natural  division  into  days  of 
twenty-four  hours  is  generally  adopted. 

Under  ordinary  conditions  the  amount  of 
solid  food  taken  per  day  does  not  vary  very 
greatly,  but  the  amount  of  fluids  imbibed  varies 
within  much  wider  limits.  For  this  reason, 
while  the  amount  of  water  excreted  in  the  urine 
per  diem  varies  enormously,  the  amount  of 
solids  is  more  fixed. 

In  a  man  on  an  average  diet  about  1500 
c.c.  of  water  and  60  to  70  grms.  of  solids  are 
daily  eliminated. 

I.  Nitrogenous  Substances.  —  A.  Urea. — 
Urea  is  the  most  important  constituent  of  the 
urine.  Its  chemistry  and  mode  of  formation 
have  been  discussed  on  page  75.  Since  it  is  as 
urea  that,  on  an  ordinary  diet,  nearly  90  per 
cent  of  the  waste  nitrogen  is  eliminated  in  the 
urine,  the  amount  excreted  depends  upon  the 
amount  of  proteins  taken  in  the  food.  For 
this  reason,  during  fasting,  the  excretion  of 
urea  may  fall  as  low  as  6  grms.  per  diem,  while 
on  a  diet  containing  the  ordinary  amount  of 
proteins,  about  33  grms.  of  urea — 15"4  grms. 
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of  nitrogen — are  excreted.  On  a  normal  diet 
from  86  to  90  per  cent  of  the  waste  nitrogen  is 
excreted  as  urea ;  but,  when  the  protein  intake 
is  decreased,  carbohydrates  and  fats  being 
substituted,  the  proportion  of  urea-nitrogen 
may  fall  to  as  low  as  60  per  cent. 

When  the  urine  is  allowed  to  stand,  certain 
micro-organisms  are  apt  to  get  into  it,  and  to 
cause  a  hydration  of  the  urea,  whereby  it  is 
changed  into  ammonium  carbonate — 

0  ""l         ?  f'' 

H.         II       /H     H[  C-O-n]^ 
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The  urine  is  thus  made  alkaline,  and  the 
phosphates  of  the  earths  are  precipitated. 
The  magnesium  phosphate  combines  with 
the  ammonia  to  form  ammonio-magnesium- 
phosphate,  NH^MgPO^  +  6H2O,  which  crystal- 
lises in  characteristic  prism-like  crystals. 

B.  Non-Urea  Nitrogen. — The  10  or  12  per 
cent  of  nitrogen  which,  on  an  ordinary  diet, 
is  not  excreted  as  urea  is  distributed  in  : — 

1.  Ammonium  Salts. — About  4  or  5  per  cent 
of  the  total  nitrogen  is  normally  excreted  as 
ammonium  salts.  But  under  certain  conditions 
the  proportion  is  greatly  increased.  Anything 
which  causes  an  increased  breaking  down  of 
protein  and  an  increased  formation  of  acids 
leads  to  an  increased  excretion  of  ammonia — 
the  ammonia  being  formed  from  the  proteins 
to  neutralise  the  acids. 

2.  Diureides. — The  members  of  this  series 
of  bodies  consist  of  two  unmodified  or  modified 
urea  molecules,  linked  together  by  an  acid 
nucleus.  The  most  important  have  as  the 
linking  molecule  an  oxi-acid  with  three  carbons 
in  series,  and  they  constitute  the  purin  bodies. 
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In  birds  and  reptiles  they  largely  replace 
urea  as  the  substances  in  which  nitrogen  is 
chiefly  eliminated.  In  these  animals  they  are 
formed  in  the  liver  from  the  various  products 
of  the  decomposition  of  protein  molecules,  but 
in  mammals  they  appear  to  be  very  largely 
derived  from  the  decomposition  of  nucleic 
acid.  Even  when  all  supplies  from  without  of 
nucleins  and  purin  bodies  are  cut  off,  a  certain 
amount  of  these  purin  bodies  is  daily  eliminated. 
These  have  been  called  the  "  endogenous  "  purins, 
while  those  derived  from  the  constituents  of 
the  food  are  termed  the  "  exogenous "  purins. 
A  certain  amount  of  the  purins  formed  are 
changed  to  urea  before  being  excreted,  and 


therefore,  when  disturbances  of  the  chemical 
processes  in  the  liver  occur,  the  purins  may  be 
increased  at  the  expense  of  the  urea. 

Uric  acid  is  the  most  important  member  of 
the  series.    Its  constitution  is  shown  above. 

It  is  an  exceedingly  insoluble  substance  which 
tends  to  crystallise  in  large  irregular  crystals, 
and  in  the  urine  these  are  generally  coloured 
brown  by  the  urinary  pigment. 

It  occurs  as  salts  of  sodium  and  potassium, 
and,  according  to  Roberts,  the  acid  salt  NaHU 
is  linked  to  a  molecule  of  the  acid  to  form 
NaHU-HjU,  or  what  he  calls  a  quadriurate. 
The  evidence  of  this  is  not  conclusive. 

Although  the  salts  of  uric  acid  are  more 
soluble  than  the  free  acid,  only  a  small  quantity 
can  be  dissolved  in  the  urine.  Apparently 
inorganic  salts,  such  as  sodium  phosphate,  act 
as  solvents.  When  the  urine  cools,  especially 
if  it  is  unusually  acid,  the  urates  tend  to 
separate  out  and  fall  as  a  brick-red  deposit, 
which  generally  shows  no  crystalline  structure 
under  the  microscope. 

If  the  urine  has  become  ammoniacal  on 
standing,  the  deposit  frequently  contains 
characteristic  spinous  pigmented  crystals  of 
ammonium  urate. 

From  their  insolubility,  uric  acid  and  the 
urates  tend  to  form  calculi  or  concretions  in 
the  urinary  passages.  The  presence  of  uric 
acid  in  such  concretions  is  recognised  by  the 
murexide  test,  which  depends  upon  the  fact  that 
uric  acid  heated  with  nitric  acid  is  oxidised  to 
alloxantin,  which  strikes  a  purple  colour  with 
ammonia,  yielding  murexide — the  ammonium 
salt  of  purpuric  acid. 

Other  members  of  the  series,  such  as  xanthin 
and  hypoxanthin,  occur  in  the  urine  in  small 
quantities. 

Allantoin,  which  occurs  in  the  urine  of  the 
foetus  and  in  the  urine  of  dogs  after  the 
administration  of  nucleic  acid,  is  a  diureide 
in  which  glyoxylic  acid  with  two  carbon  atoms 
is  the  linking  band. 

3.  Creatinin.  —  Creatinin  is  formed  from 
creatin  (vol.  vii.  p.  503)  by  dehydration.  The 
amount  excreted  is  always  small,  and  probably 
depends  upon  the  amount  of  muscular  tissue 
broken  down  in  the  body.  According  to  the 
investigations  of  Folin  the  amount  excreted 
per  diem  on  a  flesh-free  diet  is  very  constant 
in  each  individual,  and  does  not  vary  with  the 
amount  of  protein  food  taken.  Creatin  may 
also  appear  in  the  urine  in  small  amounts. 

4.  Hippuric  Acid. — This  is  benz-amino-acetic 
acid — 
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It  is  formed  from  benzoic  acid  taken  in  the 
food  by  linking  it  to  glycocoU — amino-acetic 
acid.  This  synthesis  appears  to  take  place  in 
the  kidneys,  for  it  has  been  found  that  hippuric 
acid  is  not  formed  when  these  organs  are  excised, 
and  that,  when  blood  containing  benzoates  is 
circulated  through  them,  hippuric  acid  is  pro- 
duced. Its  chief  interest  is  in  the  fact  that  it 
is  one  of  the  first  organic  compounds  which 
were  demonstrated  to  be  formed  synthetically 
in  the  animal  body.  Normally  it  is  present  in 
human  urine  in  very  small  quantities,  but  in 
the  urine  of  herbivora  the  amoiuit  is  consider- 
able, from  the  presence  of  benzoic  acid  in  the 
fodder.  The  acid  itself  is  insoluble,  and  it 
occurs  as  the  soluble  sodium  salt. 

II.  Sulphur- Containing  Bodies. — The  sul- 
phur excreted  in  the  urine  is  derived  from  the 
sulphur  of  the  protein  molecule,  and  the  amount 
of  sulphur  excreted  may  be  taken  as  a  measure 
of  the  amount  of  protein  decomposed.  This 
is  sometimes  used  as  a  check  upon  the  estima- 
tion from  the  excretion  of  nitrogen. 

A.  Acid  Sulphur. — The  greater  part  of  the 
sulphur  is  fully  oxidised  to  SO3. 

(a)  Preformed  Sulphates. — About  nine-tenths 
of  this  is  linked  with  bases  to  form  ordinary 
sulphates. 

(6)  Ethereal  Sulphates. — The  other  one-tenth 
is  in  organic  combination,  linked  to  benzene 
compounds  formed  by  oxidation  of  the  indol, 
skatol,  and  phenol  {see  p.  69)  which  are  pro- 
duced by  the  putrefaction  of  proteins  in  the 
bowel. 

Indol  is  oxidised  into  indoxyl  thus — 


This  when  linked  to  sulphate  of  potassium 
forms  indoxyl-sulphate  of  potassium  or  indican. 


O.SOgOK 

From  skatol,  which  is  methyl-indol,  skatoxyl- 
sulphate  of  potassium  is  formed  in  the  same 
way. 


These  bodies  are  colourless,  but  when  oxidised 
they  yield  pigments — indican  yielding  indigo 
blue,  skatoxyl-sulphate  of  potassium  yielding  a 
rose  colour. 

Phenol — 


-0— H 


is  also  linked  with  potassium  sulphate,  and  ex- 
creted in  the  urine. 
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The  amount  of  these  ethereal  sulphates 
depends  upon  the  activity  of  putrefaction  in 
the  intestine,  and  is  a  good  index  of  its  extent. 

When  dioxybenzene  or  pyrocatechin — 


-H 
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is  formed  in  the  body,  it  too  is  linked!  to 
sulphate  of  potassium  and  excreted.  When 
urine  containing  this  substance  stands,  it  be- 
comes oxidised  and  yields  a  greenish  brown  or 
black  pigment. 

B.  Neutral  Sulphur. — A  small  quantity  of 
sulphur  is  sometimes  excreted  in  a  less  oxidised 
state,  in  the  form  of  neutral  sulphur.  The 
most  important  compound  of  this  kind  is  cystin, 
the  disulphide  of  amino-propionic  acid — two 
molecules  of  amino-propionic  acid  linked  by 
sulphur — 

Amino-propionic  acid. 
I 

Sulphur. 
Sulphur. 

Amino-propionic  acid. 

In  some  individuals,  and  in  certain  conditions 
of  the  metabolism  not  yet  fully  understood,  the 
amount  of  cystin  is  increased,  and  it  then  tends 
to  crystallise  out  of  the  urine  in  peculiar  hexa- 
gonal plates. 

III.  Phosphorus-Containing  Bodies. — The 
phosphorus  in  the  urine  is  derived  partly  from 
phosphates  taken  in  the  food,  and  partly  from 
the  nucleins  of  the  food  and  tissues  and  from 
the  bones. 

{a)  Normally  the  phosphorus  is  fully  oxidised 
to  PjO.,  which  is  linked  to  alkalies  and  earths 
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and  excreted  in  the  urine.  The  most  important 
phosphate  is  the  di-hydrogen  sodium  phosphate 
NaH2P0^,  which  is  the  chief  factor  in  causing 
tlie  acidity  of  the  urine.  About  one-quarter  of 
the  phosphoric  acid  is  linked  to  calcium  and 
magnesium,  and  it  is  these  earthy  phosphates 
which  precipitate  when  the  urine  becomes 
alkaline.  When  the  urine  becomes  ammoniacal, 
ti'iple  phosphate  is  formed  (p.  87). 

(6)  It  is  probable  that  a  small  quantity  of 
the  phosphorus  is  excreted  in  organic  com- 
pounds, such  as  glycero-phosphates ;  but  so  far 
these  have  not  been  fully  investigated. 

IV.  Chlorine-Containing  Bodies. — Sodium 
chloride  is  the  chief  salt  of  the  urine.  It  is 
entirely  derived  from  the  salt  taken  in  the 
food,  and  its  amount  varies  with  the  amount 
ingested.  From  10  to  15  grms.  are  usually 
excreted  per  diem  in  a  person  on  a  normal  diet. 

In  starvation  to  a  certain  extent,  and  very 
markedly  in  fever,  the  tissues  of  the  body  have 
a  great  power  of  holding  on  to  the  chlorine, 
and  the  chlorides  may  almost  disappear  from 
the  urine. 

V.  Bases  of  the  Urine. — Sodium,  potassium, 
calcium,  and  magnesium  occur  in  the  urine  in 
amounts  varying  with  the  amounts  taken  in 
the  food.  Generally  speaking,  sodium  is  in  ex- 
cess of  the  others,  but  on  a  flesh  diet  and  in 
starvation  it  falls  below  the  potassium.  Calcium 
and  magnesium  are  present  in  much  smaller 
quantities. 

VI.  Pigments. — A  brown  hygroscopic  sub- 
stance, which  gives  no  bands  in  the  spectrum, 
may  be  extracted  from  urine.  This  has  been 
termed  urochrome.  By  reducing  this,  another 
pigment,  urobilin,  is  produced,  which  gives 
definite  bands,  and  which  is  frequently  present 
in  the  urine.  It  is  probably  identical  with  the 
hydrobilirubin  which  has  been  prepared  from 
the  bile  pigments,  and  it  contains  C,  H,  0, 
and  N. 

The  pigment  which  gives  the  pink  colour  to 
urates  has  been  called  uroerythrin,  and  its 
chemical  nature  is  unknown. 

Hsematoporphyrin  (see  p.  6)  is  normally 
present  in  small  traces  in  the  urine,  but  in 
certain  pathological  states  it  is  increased  in 
amount  and  gives  a  brown  colour  to  the  urine. 

VII.  Nucleo-protein. — A  mucin-like  nucleo- 
protein  derived  from  the  urinary  passages  is 
always  present  in  small  amounts,  and  forms  a 
cloud  when  the  urine  stands. 

VIII.  Carbonic  and  Oxalic  Acids. — 1.  Car- 
honic  Acid. — Small  amounts  of  this  are  present 
in  urine,  and  after  the  administration  of  citrates, 
malates,  or  tartrates,  the  amount  may  be  con- 
siderably increased,  and  the  urine  may  then 
effervesce  strongly  when  an  acid  is  added. 

2.  Oxalic  Acid 
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is  a  substance  in  a  stage  of  oxidation  just  above 
that  of  carbonic  acid.  It  is  frequently  present 
in  the  urine  linked  with  calcium,  and  the  calcium 
salt  tends  to  crystallise  out  in  characteristic 
octohedra,  looking  under  the  microscope  like 
small  square  envelopes.  Under  certain  condi- 
tions these  crystals  assume  other  shapes.  The 
oxalic  acid  of  the  urine  is  chiefly  derived  from 
oxalates  in  vegetable  foods,  but  it  has  been 
detected  in  the  urine  of  animals  on  a  purely 
flesh  diet. 

Secretion  of  Urine. — Structure  of  the  Kidney. 
— The  kidney  (Fig.  174)  is  a  compound  tubular 
gland,  consisting  of  innumerable  tubules,  each 
made  up  of — 

(1)  A  closed  extremity  or  Malpighian  body 
{31. B.),  consisting  of  an  expansion  at  the  end 
of  the  tubule — Bowman's  capsule — into  which 
a  tuft  of  capillary  vessels — the  glomerulus — 
projects. 

(2)  Extending  away  from  this  is  a  proximal 
convoluted  tubule  (P.C.T.)  lined  by  pyramidal 


Fig.  174. — Diagram  of  the  structure  of  the  kidney.  M.P.,  Mal- 
pighian pyramid  of  the  medulla;  M.M.,  medullary  ray 
extending  into  cortex;  L.,  labyrinth  of  cortex;  M.B.,  a 
Malpighian  body  consisting  of  the  glomerular  tuft  and 
Bowman's  capsule;  P.C.T. ,  a  proximal  convoluted  tubule; 
H.L.,  Henle's  loop  on  the  tubule  ;  D.C.T.,  distal  convoluted 
tubule;  C.T.,  collectinu  tubule;  E.A.,  branch  of  renal 
artery  giving  off  IL.A.,  interlobular  artery,  to  supply  the 
glomeruli  and  the  convoluted  tubules;  IL.V.,  interlobular 
vein  bringing  blood  back  from  the  cortex. 

and  granular  epithelial  cells.  This  dives  into 
the  medulla,  becomes  constricted  and  lined  by 
a  transparent  flattened  epithelium,  and  is  known 
as  the  descending  limb  of  the  looped  tubule  of 
Henle.  Turning  suddenly  upwards  and  be- 
coming lined  by  a  cubical  granular  epithelium, 
it  forms  the  ascending  limb,  and  reaching  the 
cortex  expands  into  the  distal  convoluted  tubule, 
which  exactly  resembles  the  proximal  (D.C.T.). 
It  opens  into  a  collecting  tubule  (C.T.)  lined  by 
a  low  transparent  epithelium,  which  conducts 
the  urine  to  the  pelvis  of  the  kidney. 

The  renal  artery  breaks  up  and  gives  off"  a 
series  of  straight  branches — the  interlobular 
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arteries  (IL.A.) — which,  as  they  run  towards 
the  surface,  give  off  short  side  branches  which 
terminate  in  the  glomeruli.  The  efferent  vein 
passing  from  these  breaks  up  again  into  a  series 
of  capillaries  between  the  convoluted  tubules, 
and  these  pour  their  blood  into  the  interlobular 
veins  (IL.A.).  This  arrangement  helps  to 
maintain  a  high  pressure  in  the  capillary  loops 
of  the  glomerular  tuft. 

Phy&iology  of  Secretion. — The  marked  differ- 
ence in  the  structui-e  and  vascular  supply  of 
the  Malpighian  bodies  and  of  the  different  parts 
of  the  renal  tubules  makes  it  probable  that  they 
perform  different  functions. 

Malpighian  Bodies. — (a)  It  has  been  shown 
by  injecting  into  the  blood-vessels  acid  fuchsin, 
which  is  colourless  in  alkaline  solution  and  red 
in  acid  solution,  that  the  urine  formed  in  these 
bodies  is  alkaline  in  reaction  and  that  it  be- 
comes acid  as  it  passes  down  the  convoluted 
tubules. 

(6)  It  is  also  known  that  these  bodies  are 
thrown  out  of  action  by  decreasing  the  flow  of 
blood  through  the  kidneys.  The  rate  of  flow 
of  blood  depends  upon  the  blood  pressure  in 
the  renal  arteries  and  the  dilatation  of  the  renal 
arterioles.  It  may  be  measured  by  measuring 
the  amount  of  blood  passing  out  by  the  renal 
vein,  or  by  enclosing  the  kidney  in  an  oncometer 
— a  closed  vessel  connected  with  a  recording 
tambour — so  that  changes  in  the  volume  of  the 
kidney  are  recorded  {see  p.  20),  or  by  a  com- 
bination of  these  methods. 

Section  of  the  renal  nerves  derived  from  the 
11th,  12th,  and  13th  dorsal  nerves  causes  a 
dilatation  of  the  renal  arterioles,  an  expansion 
of  the  kidney,  and  an  increased  flow  of  urine. 
Stimulation  of  these  nerves  has  the  opposite 
eff"ect.  A  fall  in  the  general  arterial  pressure 
to  about  50  mm.  Hg  in  the  dog  generally 
causes  a  decreased  flow  of  blood  through  the 
kidney  and  practically  stops  the  flow  of  urine, 
although  the  tubules,  as  will  be  presently 
shown,  still  act. 

(c)  In  the  frog  the  renal  arteries  supply  the 
Malpighian  bodies,  while  portal  veins  from  the 
posterior  end  of  the  animal  supply  the  convol- 
uted tubules.  Ligature  of  the  renal  arteries 
stops  the  flow  of  urine,  but  the  flow  may  be 
again  induced  when  urea  is  injected. 

{d)  Even  when  this  flow  is  induced,  if  dex- 
trose or  egg  albumin  or  peptone  are  injected 
into  the  blood,  substances  which  in  the  normal 
frog  appear  in  the  urine,  they  are  not  excreted. 

These  observations  seem  to  show  that  the 
Malpighian  bodies  have  to  do  chiefly  with  the 
excretion  of  water  and  of  certain  abnormal  con- 
stituents of  the  blood,  and  that  their  activity 
depends  upon  the  rate  of  blood-flow  through 
them.  That  it  is  not  due  to  a  mere  physical 
filtration  under  pressure  is  indicated  by  experi- 
ments, in  which  the  blood  pressure  in  the 
kidneys  of  a  dog  was  ivaised  by  injecting  large 


quantities  of  blood  from  another  dog,  wichout 
the  flow  of  urine  being  increased.  That  it  is 
a  selective  action  of  the  epithelium  seems  to  be 
proved  by  the  passage  into  the  urine  of  such 
large  molecules  as  those  of  egg  albumin  and 
hsemoglobin  and  of  various  pigments  such  as 
carmine. 

The  fact  that,  if  a  cannula  connected  with  a 
manometer  be  placed  in  the  ureter,  the  secretion 
of  urine  stops  when  a  pressure  of  about  50  mm. 
Hg  is  reached,  is  not  opposed  to  the  view  that 
the  formation  of  urine  from  the  glomeruli  is  an 
active  secretion.  In  the  salivary  gland,  where 
the  formation  of  saliva  is  undoubtedly  due  to 
the  vital  action  of  the  cells,  the  same  result 
follows  obstruction  of  the  duct. 

The  point  of  practical  importance  is  that 
the  secretion  of  water  takes  place  chiefly  through 
the  Malpighian  bodies,  and  that  this  is  reduced  or 
stopped  by  a  fall  in  the  general  arterial  pressure, 
such  as  occurs  in  heart  failure.  The  decreased 
excretion  of  water  may  lead  to  the  development 
of  dropsy. 

The  Tubules. — ^The  alkaline  urine  formed  in 
the  Malpighian  bodies  undergoes  changes  as  it 
passes  along  the  tubules.  It  becomes  acid  and 
the  various  solids  are  increased,  for  urine  con- 
tains a  higher  proportion  of  these  than  does  the 
blood,  e.g.  the  blood  contains  only  about  0'03 
per  cent  of  urea,  but  the  urine  visually  contains 
2  per  cent.  The  addition  of  solids  in  the 
tubules  is  further  proved  by  the  following 
facts  : — 

(a)  Uric  acid  crystals  are  frequently  found 
in  the  cells  of  the  convoluted  tubules  of  the 
kidney  of  birds,  (b)  Heidenhain,  by  injecting 
a  blue  pigment — sulph-indigotate  of  soda — into 
the  circulation  of  the  rabbit,  demonstrated  that 
the  cells  of  the  convoluted  tubules  take  it  up 
and  pass  it  into  the  urine.  In  the  normal 
rabbit  the  whole  of  the  kidney  and  the  urine 
become  blue.  But,  if  the  formation  of  urine 
in  the  Malpighian  bodies  be  stopped  by  cutting 
the  spinal  cord  in  the  neck  so  as  to  lower  the 
blood  pressure,  then  the  blue  pigment  is  found 
in  the  cells  of  the  convoluted  tubules  and  of  the 
ascending  limb  of  Henle's  tubule,  (c)  When 
the  Malpighian  bodies  of  the  frog  have  been 
thrown  out  of  action  by  ligaturing  the  renal 
arteries,  the  injection  of  urea  still  causes  a  flow 
of  urine  and  the  excretion  of  urea  by  the  tubules. 
When  the  portal  veins  which  supply  the  tubules 
were  ligatured  on  one  side,  it  was  found  that 
less  urine  was  formed  on  the  ligatured  than  on 
the  unligatured  side. 

These  last  experiments  show  that  the  cells  of 
the  convoluted  tubules  are  capable  of  secreting 
water  as  well  as  solids,  and  that  they  can  do  so 
is  further  demonstrated  by  the  fact  that,  if  by 
cutting  the  spinal  cord  in  the  neck  the  forma- 
tion of  urine  in  the  Malpighian  bodies  of  a  dog 
is  stopped,  the  administration  of  caffeine  and  of 
some  other  substances  causes  an  increased  flow 
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of  urine,  although  the  blood  pressure  in  the 
kidneys  is  not  raised.  This  is  taken  advantage 
of  in  cases  of  heart  disease,  when  the  secretion 
of  urine  is  almost  arrested  from  low  arterial 
pressure,  and  when  dropsy  is  rapidly  advancing. 
Until  the  heart  is  toned  up,  the  kidneys  may 
be  stimulated  to  get  rid  of  water  by  means  of 
such  diuretics  as  caffeine. 

It  is  quite  possible  that  under  certain  condi- 
tions the  cells  of  the  renal  tubules  absorb  water 
and  possibly  the  other  constituents  of  the  urine, 
but  the  weight  of  the  evidence,  we  at  present 
possess,  is  against  the  idea  that  they  exercise  the 
function  to  any  great  extent. 

Excretion  of  Urine.  —  1.  Passage  from 
Kidney  to  Bladder. — The  pressure  under  which 
the  urine  is  secreted  is  sufficient  to  drive  it 
along  the  ureters  to  the  bladder.  If  these  are 
constricted  the  pressure  behind  the  constriction 
rises,  and  may  distend  the  ureters  and  the  pelvis 
of  the  kidney ;  but  when  it  reaches  about  50  mm. 
Hg  in  the  dog,  the  secretion  of  urine  is  stopped. 
The  muscular  walls  of  the  ureters  show  a  rhyth- 
mic peristaltic  contraction,  which  must  also  help 
the  onward  passage  of  the  urine  to  the  bladder. 

2.  Micturition. — As  the  urine  accumulates  in 
the  urinary  bladder  the  rhythmic  contraction 
of  the  non-striped  muscle  becomes  more  and 
more  powerful.  These  contractions  are  chiefly 
excited  by  the  fibres  of  the  nervi  erigentes  of 
the  second  and  third  sacral  nerves,  although 
fibres  passing  down  from  the  inferior  mesenteric 
ganglion  also  probably  act  either  in  exciting  or 
inhibiting  them  in  certain  animals.  The  back- 
ward passage  of  the  urine  into  the  ureters  is 
prevented  by  the  oblique  manner  in  which  these 
tubes  pass  through  the  muscular  coat  of  the 
bladder. 

The  passage  of  urine'  into  the  urethra  is  at 
first  prevented  either  by  the  oblique  manner  in 
which  the  urethra  leaves  the  bladder,  or  more 
probably  by  the  contraction  of  a  strong  band 
of  non-striped  muscle,  the  sphincter  trigonalis. 
This  muscle  or  the  striped  fibres  which  surround 
the  membranous  part  of  the  urethra  are  under 
the  control  of  a  centre  in  the  lumbar  enlarge- 
ment of  the  spinal  cord,  and  the  expulsion  of 
urine  must  be  preceded  by  their  relaxation. 
In  some  cases  of  inflammation  of  the  spinal  cord 
the  increased  activity  of  the  centre  may  prevent 
the  expulsion  of  urine,  while  later  in  the  disease, 
when  the  nerve  structures  have  been  destroyed, 
the  urine  is  not  retained  and  dribbles  away  on 
account  of  the  absence  of  the  tonic  contraction 
of  the  muscles. 

The  expulsion  of  the  last  drops  of  urine  is 
carried  out  by  the  rhythmic  contraction  of  the 
bulbo-cavernous  muscle,  while  the  peristaltic 
contraction  of  the  bladder  wall  is  assisted  by 
the  various  muscles  which  press  upon  the  con- 
tents of  the  abdomen  and  of  the  bladder. 

In  man,  in  early  life,  micturition  is  a  purely 
reflex  act,  and  in  the  dog  it  is  perfectly  per- 


formed when  the  spinal  cord  is  cut  in  the  oack. 
As  age  advances  the  reflex  mechanism  comes  to 
be  more  under  the  control  of  the  higher  centres, 
and  the  activity  of  the  sphincters  may  be  in- 
creased or  abolished  as  circumstances  indicate. 

C.  Excretion  by  the  Shin 
The  skin  is  really  a  group  of  organs,  and  some 
of  these  have  been  already  studied. 

(1)  The  protective  functions  of  the  horny 
layer  of  epidermis,  with  its  development  in  hair 
and  nail,  and  of  the  layer  of  subcutaneous  fat, 
are  manifest. 

Hair. — In  man  the  hair  has  largely  ceased  to 
have  the  important  protective  function  it  fulfils 
in  many  of  the  lower  animals,  but  the  muscular 
mechanism  by  which  the  position  of  the  hairs 
can  be  modified  still  persists.  Attached  to  each 
hair  follicle  is  a  band  of  non-striped  muscle,  the 
arrector  pili,  which  can  erect  the  hair  by  con- 
tracting. These  muscles  are  under  the  control 
of  the  central  nervous  system,  and  the  nerve 
fibres  have  been  demonstrated  in  the  cat  to 
take  much  the  same  course  as  the  vaso-con- 
strictor  fibres  of  somatic  nerves  {see  p.  33).  A 
hair  after  a  time  ceases  to  grow,  and  the  lower 
part  in  the  follicle  is  absorbed  and  the  hair  is 
readily  detached.  From  the  cells  in  the  upper 
part  of  the  follicle  a  new  down-growth  occurs,  a 
papilla  forms,  and  the  hair  is  regenerated.  In 
many  of  the  lower  animals  this  process  occurs 
twice  a  year. 

(2)  The  sensory  functions  have  been  studied 
under  the  Special  Senses  (vol.  vii.  p.  527). 

(3)  The  respiratory  action  of  the  skin  in 
mammals  is  of  little  importance. 

(4)  The  Excretory  Function  of  the  Skin. — 
Three  sets  of  glands  develop  in  the  skin — sweat 
glands  and  sebaceous  glands,  which  are  common 
to  both  sexes  and  are  constantly  active — and 
mammary  glands,  which  are  active  in  the  female 
during  the  period  of  suckling. 

A.  Sweat  Secretion  —  1.  Structure.  —  The 
sweat  glands  are  simple  tubular  glands  coiled 
up  in  the  subcutaneous  tissue  with  ducts 
opening  on  the  surface  of  the  skin.  The  se- 
creting epithelium  somewhat  resembles  that  of 
the  convoluted  tubules  of  the  kidney.  It  has 
been  calculated  that  a  man  possesses  about  two 
and  a  half  million  sweat  glands,  and  that  if 
spread  out  they  would  present  a  surface  of  very 
great  extent. 

2.  Functions. — From  these  glands  a  consider- 
able amount  of  sweat  is  poured  out ;  but  to 
form  any  estimate  of  the  daily  amount  is  no 
easy  matter,  since  it  varies  so  greatly  under 
different  conditions.  Probably  about  1000  c.c. 
is  an  average  amount.  When  poured  out,  sweat 
usually  evaporates,  and  is  then  called  inserisible 
perspiration ;  but  when  large  quantities  are 
formed,  or  when,  from  coldness  of  the  surface, 
or  of  the  air,  or  from  the  large  quantity  of 
watery  vapour  already  in  the  air,  evaporation 
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is  prevented,  it  accumulates,  and  is  called  sensible 
2}erspiration. 

A  free  secretion  of  sweat  is  usually  accom- 
panied by  a  dilatation  of  the  blood-vessels  of 
the  skin,  but  this  may  be  absent,  and  it  may 
occur  without  any  sweat  secretion — e.g.  under 
the  influence  of  atropine. 

3.  Nervous  Mechanism  of  Sweat  Secretion. — 
The  sweat  glands  are  under  the  control  of  the 
central  nervous  system.  This  may  be  very 
conveniently  studied  in  the  cat,  in  which  animal 
the  sweat  glands  are  chiefly  in  the  pads  of  the 
feet.  If  a  cat  be  put  in  a  hot  chamber  it 
sweats  on  the  pads  of  all  its  feet.  But  if  one 
sciatic  nerve  be  cut  the  foot  supplied  remains 
dry.  If  the  cat  be  placed  in  a  warm  place  and 
the  lower  end  of  the  cut  sciatic  stimulated,  a 
secretion  of  sweat  is  produced.  These  sweat- 
secreting  fibres  all  pass  through  the  sympathetic 
ganglia,  and  back  into  the  spinal  nerves.  Those 
to  the  leg  and  foot  come  from  the  upper  lumbar 
region,  those  for  the  hand  and  arm  from  the 
fifth  to  the  eighth  cervical  nerve,  and  those  for 
the  head  in  the  sympathetic  of  the  neck  and 
partly  in  the  fifth  cranial  nerve. 

The  centres  presiding  over  these  nerves  are 
distributed  down  the  medulla  and  cord.  They 
are  capable  of  (a)  reflex  stimulation,  as  when 
pepper  is  taken  into  the  mouth ;  and  {b)  of 
direct  stimulation  by  a  venous  condition  of  the 
blood,  as  in  the  impaired  oxygenation  of  the 
blood  which  so  frequently  precedes  death  as 
the  respirations  fail. 

But  even  after  the  nerves  to  the  sweat 
glands  are  cut,  the  glands  can  be  stimulated 
by  certain  drugs — e.g.  pilocarpine.  The  action 
of  heat  seems  also  to  be  chiefly  peripheral, 
setting  up  an  unstable  condition  of  the  gland 
cells  so  that  they  respond  more  readily  to 
stimulation. 

4.  Chemistry  of  Sweat. — Sweat  is  a  clear, 
watery  fluid,  with  a  faintly  acid  reaction  from 
admixture  with  sebum  and  from  the  presence 
of  acid  sodium  phosphate.  It  has  a  character- 
istic odour.  Its  specific  gravity  is  low,  about 
1004,  and  it  contains  less  than  2  per  cent  of 
solids,  of  which  the  chief  is  NaCl.  Of  the 
organic  solids,  urea  is  the  most  important. 
About  4  or  5  per  cent  of  the  total  nitrogen 
excreted  from  the  body  is  thrown  oft"  by  the 
skin  in  this  form,  and,  when  the  action  of  the 
kidneys  is  interfered  with,  very  considerable 
quantities  may  be  eliminated.  The  sweat 
nearly  always  contains  epithelial  squames  from 
the  epidermis,  and  oil  globules  derived  from 
the  sebum. 

B.  Sebaceous  Secretion.  —  The  sebaceous 
glands  are  simple  racemose  glands  which  open 
into  the  hair  follicles,  and  their  function  is  to 
supply  an  oily  material  to  lubricate  the  hairs. 
This  secretion  is  produced  by  the  shedding  and 
breaking  down  of  the  cells  formed  in  the 
follicles  of  the  glands.    Those  lining  the  base- 


ment membrane  are  in  a  condition  of  active 
division,  but  the  cells  thrown  off  into  the  lumen 
of  the  follicle  disintegrate  and  become  converted 
into  a  semi-solid  oily  mass,  which  consists  of 
free  fatty  acids  and  of  neutral  fats  of  glycerine 
and  of  cholesterin.  These  cholesterin  fats  are 
the  lanolins,  which  dift'er  from  ordinary  fats  in 
being  partly  soluble  in  water.  Free  cholesterin 
is  also  present  in  the  sebum. 

C.  Milk  Secretion. — 1.  Physiology. — Before 
pregnancy  occurs  the  mammary  glands  are 
largely  composed  of  fibrous  tissue,  with  a  large 
amount  of  fat,  in  which  run  the  branching  tub- 
ules of  the  glands  as  small  solid  blocks  of  cells. 

As  pregnancy  advances  these  tubules  grow 
outwards  and  increase,  and  the  cells  begin  to 
divide,  some  remaining  attached  to  the  basement 
membrane,  some  coming  to  lie  in  the  middle  of 
the  tubules.  These  latter  undergo  a  fatty 
change  and  break  down,  and  they  are  shed  in 
the  first  milk  which  is  secreted,  the  colostrum. 
The  cells  left  upon  the  basement  membrane 
elaborate  the  constituents  of  milk,  and  the 
presence  of  fat  globules  in  their  protoplasm  is 
very  manifest. 

The  milk,  after  being  secreted,  collects  in 
the  ducts  of  the  glands  and  in  the  sinus  below 
the  nipple,  and  is  expelled  from  these  by  the 
contraction  of  the  muscular  fibres  in  their 
walls,  and  by  the  suction  of  the  young  animal. 
The  excretion  of  milk  from  the  ducts  is  directly 
under  the  control  of  the  nervous  system,  but 
the  evidence  as  to  the  way  in  which  the  central 
nervous  system  influences  the  secretion  of  milk 
is  by  no  means  satisfactory.  Clinical  experience 
shows  that  it  is  profoundly  modified  by  nervous 
changes,  but  so  far  stimulation  of  the  nerves  to 
the  glands  has  not  yielded  definite  results. 

The  chemistry  of  milk  is  considered  upon 
p.  54,  and  the  way  in  which  fats  and  proteins 
are  formed  is  dealt  with  on  p.  74.  The  pro- 
duction of  the  disaccharid  lactose  and  of  the 
phospho-protein  caseinogen  implies  a  synthetic 
process  in  the  protoplasm  of  the  cells  of  the 
mammary  glands. 

PART  III.— Reproduction 

See  Embryology  ;  Fcetus  and  Ovum,  Develop- 
ment OF ;  Generation,  Female  Organs  of  ; 
Labour;  Menstruation;  Pregnancy;  Puer- 
PERiuM ;  Scrotum  and  Testicle  {Anatomy  of 
the  Testis)  ;  etc. 

Appendix — Organic  Chemistry 

The  following  elementary  facts  may  help  the 
reader  who  has  neglected  the  study  of  the  out- 
lines of  organic  chemistry  in  understanding  the 
chemical  problems  of  physiology. 

Organic  compounds  are  built  round  the  four- 
handed  carbon  atom 

— C— 
I 
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When  each  hand  links  to  the  one-handed 
hydrogen  atom, 

Methane —  H 

H — C — H      is  formed. 
I 

H 

By  taking  away  a  hydrogen  atom  from  two 
methane  molecules  and  linking  these  molecules 
together 

Ethane —  H  H 

I  I 

H — C — C — H       is  produced. 

I  I 
H  H 

By  further  linking  more  and  more  of  these 
molecules  together,  similar  molecules  containing 
three,  four,  five,  or  more  carbon  atoms  are 
produced. 

When  each  carbon  has  its  due  proportion  of 
hydrogen  atoms  it  is  saturated,  but  if  two 
hydrogen  atoms  are  let  go,  the  unoccupied 
hands  of  the  carbon  may  join  and  form  an 
unsaturated  molecule,  thus  : — 

Ethane  becomes  Ethylene        H  H 

I  I 
H— C  =  C— H 

When  one  hydrogen  atom  is  taken  away  and 
the  molecule  has  a  hand  ready  to  link  with 
some  other  substance  a  radical  is  constituted, 
and  these  are  known  as  Methyl,  Ethyl,  etc. 

Alcohols. — When  the  two-handed  oxygen  atom 
0  linked  to  hydrogen  H,  and  thus  forming 
the  hydroxyl  molecule  OH,  is  linked  to  the 
vacant  hand  of  the  radical,  an  alcohol  is  formed, 
e.g.— 

H  (H) 


H— C— C— 0— (H) 

I  I 
H  H 


Ethyl  Alcohol. 


When  the  terminal  carbon  is  thus  oxidised  a 
Primary  Alcohol  is  formed ;  but  if  a  middle 
carbon  atom  is  oxidised,  a  Secondary  Alcohol  is 
produced — 

H  OH  H 

I     1  I 

H— C— C— C— H      Secondary  Propyl  Alcohol. 

1      I  I 
H    H  H 

But  the  oxidation  may  involve  more  than 
one  carbon  atom,  and  thus  the  Polyvalent 
Alcohols  are  produced — 

OH  OH  OH 

1     I  I 
H— C— C— C— H  Glycerin. 

I      I  I 
H    H  H 

Aldehydes  or  Aldoses. — When  from  a  primary 
alcohol  the  two  hydrogens  marked  above  in 


brackets  are  removed,  the  vacant  hand  of  the 
oxygen  links  to  the  vacant  hand  of  the  carbon 
to  form  an  Aldehyde  or  Aldose — 


H 

H— C— C=0 

I  I 
H  (H) 


Ethyl  Aldehyde. 


Ketones  or  Ketoses. — These  are  formed  in  the 
same  way  from  the  Secondary  Alcohols,  thus  : — 


H   0  H 

I     II  I 
H— C— C— C— H 

I  I 

H  H 


Acetone,  the  Ketose  of 
Secondary  Propyl  Al- 
cohol. 


Acids.  —  If  the  hydrogen  of  the  aldehyde 
marked  in  brackets  is  replaced  by  hydroxyl, 
OH,  an  acid  is  produced — 


H 

H— C- 
I 

H 


0 

_C_0— H 


Acetic  Acid. 


The  carboxyl  group  to  the  right  of  the  dotted 
line  is  characteristic  of  the  acids. 

The  oxidation  may  be  carried  on  at  each 
end  of  the  line  and  the  divalent  acids  are  thus 
produced 

0  0 


H— 0— C— C— 0— H 


Oxalic  Acid. 


If  in  the  radical  of  one  of  these  acids  a  hydrogen 
is  replaced  by  hydroxyl,  OH,  an  oxy-acid  is 
formed,  thus  : — 


H  H  0 

1     I  II 
H— C— C— C— 0— H 

I  I 
H  H 


Propionic  Acid 


may  be  converted  to  the  two  lactic  acids  called 
(a)  and  {fi)  oxy-propionic  acid,  according  to  the 
carbon  which  is  oxidised 

H  OH  0 


H— C— C— C— 0— H 

I  I 
H  H 

OH  H  0 

H— C— C— C— 0— H 


and 


I  I 
H  H 

Similar  oxy-acids  are  formed  from  the  divalent 
acids. 
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Cyclic  Compounds 
An  important  series  of  carbon  compounds 
contains  a  ring  of  six  carbons,  each  with  an 
unsatisfied  affinity,  thus  : — 

I 

C 

— c  c— 
— c  c— 
c 

When  each  hand  holds  a  hydrogen,  Benzene  is 
formed. 

These  hydrogens  may  be  replaced  by  various 
molecules  giving  rise  to  a  large  series  of  different 
compounds. 

If  the  ring  contain  less  than  six  carbon  atoms 
it  is  called  heterocyclic.  One  of  the  most 
important  of  these  is  Pyrrhol — 

C— C 

II  II 
C  C 

\/ 
N 

H 

which  occurs  linked  to  a  benzene  ring  in  certain 
important  constituents  of  the  protein  molecule. 

Nitrogen-containing  Compounds 
Ammonia.  —  The  three-handed  nitrogen  by 
linking  with  three  hydrogens  forms  ammonia, 

H 

I 

H— N— H 

If  one  of  these  hydrogens  is  removed,  amidogen, 
which  can  link  with  other  molecules,  is  pro- 
duced. 

Amino  Acids. — If  one  of  the  hydrogen  atoms 
in  the  radical  of  an  acid  is  replaced  by  amidogen 
a  mon-amino  acid  is  formed,  thus  :  — 


H  0 


H 


)>N — C — C — 0 — H    Amino  Acetic  Acid. 
H/  I 
H 

When  two  hydrogen  atoms  are  thus  replaced,  a 
di-amino  acid  is  produced — 


NH2  NH2  0 


_Q  jj       Di-amino  Propionic 

Acid. 


H—C  —  C  - 

I  I 
H  H 

Amides. — If  the  amidogen  molecule  takes  the 


place  of  the  hydroxyl  in  the  carboxyl  of  an  acid 
an  amide  results,  thus  : — 


0 

II 

H— C— 0— H 
0 

H— C— N 


H 


Foramic  Acid. 


Formamide. 


H 


From  the  divalent  carbonic  acid — 
0 


is  formed — 


H 


H— 0— C— 0— H 

0 

II 

N— C— N< 


H 


the  important  substance  urea. 

Urea  molecules  may  link  together — 

(a)  By  dropping  hydrogens,  when  biuret  is 

produced — 


H 


H 


0  H 


N— C— N-i 


H  0 


-N— C— N. 


H 


H 


(h)  By  holding  on  to  an  intermediate  radical 
of  an  acid,  e.g.  an  unsaturated  three  carbon 
acid.  These  are  diureides,  of  which  the  most 
important  is  uric  acid — 

0 


H— N- 

I 

0  =  C 
H— N- 


-C- 


-N-H 

>C  =  0 
-N^H 


Physiotherapy. — The  treatment  of 
disease  by  physical  means,  such  as  exercise, 
massage,  gymnastics,  vibration,  etc. ;  mechano- 
therapy. 

PhySO-i  —  In  compound  words  physo- 
(Gr.  ^Co-a,  a  bladder  or  bubble)  means  bladder- 
like or  related  to  air  or  wind ;  e.g.  physocele  (a 
tumour  or  a  hernia  distended  with  gas),  physodin 
(a  neutral  substance,  with  the  formula  Ci2Hj20g, 
behaving  like  a  resin,  and  occurring  in  the 
lichen  Parmelia  physodes). 

Physometrci. — Distension  of  the  uterus 
with  gas,  usually  as  the  result  of  the  decomposi- 
tion of  the  contents  of  the  uterus  {e.g.  placenta, 
dead  foetus). 

PhysostigrmatisSemina.  See  also 

Ai.KAhOws  {Fhysosfigmina);  Eserine;  Glaucoma 
{Treatment,  Myotics) ;  Pharmacology  {Physo- 
stigmine) ;  Physiology  ( Vision,  Accommodation) ; 
Toxicology  {Alkaloids). — The  ripe  seeds  of  the 
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Calabar  bean,  Physostigma  venenosum,  a  tree 
of  West  Africa,  also  known  as  the  Ordeal  bean. 
It  contains  two  alkaloids,  physostigmine  or 
eserine,  and  calaharine,  the  former  being  the 
more  important.  Preparations — (1)  Extractum 
Physostigmatis.  Dose  —  \-\  gr.  (2)  Physostig- 
minse  Sulphas.  Eserine  Sulphate.  Very  soluble 
in  water  and  alcohol.  Dose—^-^  gr.  by  the 
mouth ;  ^-^V  E^-  hypodermically.  (3)  Lamellae 
Physostigminse.  Each  contains  y^g^  gr.  of 
physostigminse  sulphas. 

As  the  extract  of  physostigmine  is  somewhat 
uncertain  in  composition,  and  as  it  contains 
calaharine,  which  is  in  some  respects  antagonistic 
to  physostigmine,  it  is  advisable  always  to 
employ  the  sulphate  of  physostigmine  when 
prescribing  this  drug.  Whether  given  inter- 
nally or  applied  locally,  physostigmine  affects 
the  eye  in  a  manner  antagonistic  to  that  of 
atropine.  It  causes  contraction  of  the  pupil  by 
stimulation  of  the  circular  muscular  iibres  of  the 
iris,  diminishes  intraocular  tension,  and  causes 
a  temporary  increase  of  the  power  of  accommo- 
dation for  near  objects  followed  by  a  spasm  of 
accommodation.  It  is  used  in  the  treatment  of 
corneal  ulcerations,  and  to  diminish  intraocular 
tension,  as  in  glaucoma.  It  has  also  been  em- 
ployed to  prevent  the  prolapse  of  the  iris  after 
corneal  wounds,  and  to  diminish  the  entrance  of 
light  into  the  eye  when  photophobia  is  present. 
For  these  purposes  the  lamellte,  or  a  solution  in 
water  of  the  strength  of  ^  to  2  grains  to  the  ounce, 
may  be  used.  Atropine  is  more  powerful  as  a 
mydriatic  than  eserine  as  a  myotic,  and  there- 
fore if  given  to  counteract  the  effect  of  atropine, 
physostigmine  must  be  prescribed  in  somewhat 
strong  solution.  On  account  of  its  stimulating- 
effect  on  uustriped  muscle,  physostigmine  is  used 
for  atony  of  the  bladder,  for  chronic  constipation, 
and  for  bronchitis  with  emphysema.  It  is  rarely 
employed  for  constipation,  but  in  some  cases  it 
succeeds  when  all  the  drugs  have  proved  in- 
efficient. Unlike  cascara,  it  affects  the  whole 
length  of  the  intestinal  canal,  and,  in  addition 
to  stimulating  the  muscular  coat,  causes  an 
increased  flow  of  secretion.  Lastly,  because  of 
its  inhibitory  action  on  reflex  activity  and  de- 
pression of  the  anterior  corneal  cells,  physo- 
stigmine has  been  recommended  in  the  treat- 
ment of  tetanus  and  other  convulsive  diseases, 
but  only  moderate  success  has  followed  its 
administration  for  this  purpose. 

Physostig^mina  and  Physostig^- 

mine.    See  Physostigmatis  Semina. 

Phytin. — The  name  given  to  a  substance, 
said  to  be  an  organic  phosphorus  compound, 
isolated  from  the  seed  of  plants  (Gr.  (jivrov,  a 
plant),  and  having  the  formula  CgHsPjOg ;  it  is 
recommended  in  rickets,  osteomalacia,  neuras- 
thenia, and  wasting  diseases,  as  well  as  in 
lactation  and  convalescence.  See  also  Phos- 
phorus. 


PhytO-. — In  compound  words  phyto-  (Gr. 
KfivTov,  a  plant)  means  related  to  a  plant ;  e.g. 
2:)hytalbumin  (vegetable  albumin),  phytohiology 
(the  biology  of  plants),  phytopathology  (the 
diseases  of  plants  or  the  diseases  due  to  vege- 
table organisms),  p>hytoteratology  (vegetable  tera- 
tology), and  phytozoon  (a  plant-like  animal  or 
zoophyte). 

PhytOSterin. — A  neutral  substance 
obtained  from  Calabar  beans ;  it  is  homologous 
with  cholesterin. 

Pia  or  Pia  Mater.— The  thin,  vascular 
membrane  which  immediately  envelops  the 
brain  and  spinal  cord ;  the  innermost  of  the 
three  meninges.  See  Brain,  Physiology  of  ; 
Meninges  of  the  Cerebrum  {Anatomy.,  Tumours, 
etc.). 

Pia  Arachnoid. — The  two  meninges 
(pia  and  arachnoid)  considered  as  one  mem- 
brane ;  inflammation  affecting  both  these  mem- 
branes is  called  pia-arachnitis  or  piarachnitis,  or 
leptomeningitis.  See  Insanity,  Pathology  of 
{Pia  Arachnoid) ;  Meninges  of  the  Cerebrum 
{Infiammations,  Leptomeningitis). 

Piano-player's  Cramp.  .See  Neur- 
oses, Occupation  (Pianoforte  Players). 

Piarrhsemia.  —  The  presence  of  fat 
(Gr.  TTiap,  fat)  in  the  blood. 

Piazza's  Fluid.— A  fluid  containing 
chloride  of  sodium  and  chloride  of  iron  ;  it  is 
used  for  coagulating  blood. 

Pica,  or  Dirt-Eating^.     .See  also 

Appetite  {Perversion). — Pica  (jyica,  a  magpie), 
dirt-eating,  or  "perversion  of  the  appetite"  are 
names  applied  to  the  habit  of  eating  or  putting 
into  the  mouth  various  indigestible  or  disgusting 
substances.  The  habit  is  most  frequently  noted 
in  hysterical  or  pregnant  women,  the  insane, 
imbeciles,  and  abnormal  children. 

In  some  countries  dirt-eating  is  not  confined 
to  the  above-mentioned  classes,  as  in  the 
Southern  States  of  North  America,  Africa,  and 
the  West  Indies,  both  children  and  adults  are 
addicted  to  eating  the  clay  found  on  the  banks 
of  rivers.  The  same  habit  is  noted  in  some  of 
the  lower  animals,  as  dogs  when  suffering  from 
worms,  and  pregnant  bitches  will  eat  any  filth 
or  garbage. 

The  capricious  appetite  of  pregnant  women 
is  well  known,  and  women  who  are  perfectly 
normal  in  their  ways  at  other  times  will,  when 
pregnant,  crunch  cinders  or  dirt  between  their 
teeth. 

The  dirt-eating  tendencies  of  the  insane  are 
commonly  enough  experienced  in  asylums,  and 
in  not  a  few  instances  death  has  resulted  from 
swallowing  knives,  hair,  or  stones.  Some  idiot 
children  will  apparently  derive  pleasure  in 
crawling  about  the  floor  and  licking  the  blacking 
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and  dirt  off  the  boots  of  visitors,  or  in  banging 
their  heads  against  a  wall,  or  in  striking  them 
with  their  hands. 

The  most  interesting  forms  of  pica  may  at 
times  be  noted  in  children  who  cannot  be 
classified  as  idiots  or  feeble-minded.  In  a  minor 
degree  an  abnormal  appetite  may  be  seen  in 
children  who  are  suffering  from  chronic  intestinal 
catarrh,  or  who  perhaps  suffer  from  worms. 
The  appetite  of  such  will  be  capricious  and 
uncertain ;  they  will  refuse  their  food  at  meal- 
times, but  when  bathed  at  night  will  perhaps 
take  a  bite  out  of  a  cake  of  soap  with  the 
greatest  relish. 

In  the  majority  of  cases  dirt-eating  is  seen  in 
children  with  abnormal  nervous  systems,  their 
eccentricities  cropping  up  in  other  ways  besides 
in  the  way  of  relish  for  dirt,  wall  plaster,  or  the 
wool  off  blankets.  There  may  be  a  tendency  to 
masturbation,  moral  delinquencies,  epileptiform 
convulsions,  or  marked  perverseness  or  contrari- 
ness of  character.  The  perverted  appetite 
which  delights  in  pushing  pieces  of  slate-pencil 
up  the  nostrils,  chewing  blankets,  and  crunching 
cinders,  is  evidence  of  a  neurosis  which  ought 
to  put  parents  and  teachers  on  their  guard. 
While  care  and  careful  training  will  in  a  propor- 
tion of  cases  result  in  a  more  normal  state  of 
things,  the  dirt-eating  neurosis  marks  a  tendency 
to  an  unbalanced  nervous  system,  which  in  later 
years  may  result  in  a  complete  breakdown. 

Picein. — -A  glucoside  (HJ8O7.H2O)  obtained 
from  the  spruce  fir  {Picea  excelsa). 

Pick's  Bundle.— An  abnormal  bundle 
of  nerve  fibres  in  the  central  grey  matter  of  the 
medulla  oblongata ;  Henle-Pick's  bundle.  See 
A.  Pick,  Arch.  f.  Psychiat.,  xxi.  636,  1889-90; 
Nev/raxe,  v.  151,  1903-4. 

PiCOiine. — An  organic  base  or  alkaloid 
(CqH^N)  obtained  from  coal-tar ;  methyl- 
pyridine. 

PicramiC  Acid.— Picric  acid  {q.v.)  in 
which  one  NO.,  radicle  has  been  replaced  by 
NHg,  giving  the  formula  CgHjNjO-. 

Picric  Acid.  See  also  Burns  and 
Scalds  (Treatment,  Local) ;  Urine,  Pathological 
Changes  in  {Alhuminuria  Tests).  —  Trinitro- 
phenol.  Made  by  dropping  phenol  into  fuming 
nitric  acid.  It  occurs  as  yellow  crystals.  It 
is  soluble  1  in  95  of  water  and  1  in  10  of 
alcohol.  Picric  acid  is  used  extensively  in  the 
treatment  of  burns.  It  relieves  pain,  prevents 
sepsis,  and  promotes  cicatrisation.  A  watery 
solution  is  employed,  made  up  as  follows : — 
picric  acid  3iss ;  absolute  alcohol  3iii ;  distilled 
water  3x1.  Pieces  of  gauze  or  lint  are  soaked 
in  this  and  applied  to  the  burned  surface,  and 
kept  in  position  with  wool  and  a  bandage  with- 
out the  addition  of  any  waterproof  covering. 
The  dressing  should  be  removed  in  a  few  days 


by  moistening  the  now  dry  gauze  with  the  same 
solution,  and  then  a  similar  dressing  is  applied 
again.  If  too  large  an  area  is  treated  with 
picric  acid  there  is  danger  of  general  poisoning 
from  absorption.  Solutions  and  ointments  of 
similar  strength  have  been  recommended  for 
erysipelas,  eczema,  pruritus,  and  gonorrhoea. 
Esbach's  reagent,  used  for  the  quantitative 
estimation  of  albumen  in  urine,  contains  picric 
acid  and  citric  acid  in  water.  A  similar  solution 
is  said  to  give  excellent  results  as  an  application 
to  unbroken  chilblains.  Ammonium  Picrate, 
in  doses  of  |  to  IJ  grains,  has  been  used  in  the 
treatment  of  malaria  and  of  exophthalmic  goitre. 

Picrocarmine. — A  staining  agent  used 
in  histological  investigations,  containing  carmine, 
ammonia,  and  picric  acid.  See  Post-mortem 
Methods  (Preparation  of  Tissues  for  the  Micro- 
scope). 

Picroi.. — An  antiseptic  preparation  con- 
taining iodine ;  chemically  it  is  potassium 
dicodoresorcinmonosulphate. 

Picrorlliza. — The  rhizome  of  Picrorhiza 
Kurroa,  used  as  a  bitter  tonic  (dose,  10  to  20 
grains)  and  antiperiodic  (dose,  40  to  50  grains) ; 
it  is  officinal  in  the  Indian  and  Colonial 
Addendum  to  the  British  Pharmacopoeia ;  and 
there  are  two  preparations,  the  Extractum 
PicrorhizcB  Liqxddum  (dose,  20  to  60  m.),  and 
the  Tinctura  Picrorhizce  (dose,  ^  to  1  fl.  dr.). 

PicrotOXinum.  —  Picrotoxine  is  a 
neutral  principle  or  glucoside  obtained  from 
Cocculus  indicus  (the  fruit  of  Anajiiirta  pani- 
culata  or  Indian  fish-berry).  See  Cocculus 
Indicus.  It  is  used  externally  (as  an  ointment) 
in  cases  of  pediculosis  for  its  antiparasitic  action  ; 
internally  it  has  been  given,  in  doses  of  to 
grain  in  pill,  in  epilepsy  and  in  the  night 
sweats  of  phthisis.  It  must  be  given  with  care, 
as  it  is  a  powerful  poison.  See  Toxicology 
(^Alkaloids,  Cocculus  Indicus).  Chemically, 
picrotoxine  has  been  separated  into  pncrotoxine 
proper,  CjjHj^O^.HoO  (bitter  and  poisonous), 
iViio  picrotin.,  C-jgHg^Ojo  +  JiH^O  (bitter  and  non- 
poisonous),  and  into  anamirtin,  CJ9H24OJ2  (not 
bitter,  and  non  -  poisonous) ;  but  other  views 
as  to  its  chemical  composition  have  been 
advanced. 

Piedra.  See  Skin  Diseases  of  the 
Tropics  (Piedra). 

Pietrapoia.  See  Balneology  (France, 
Sulphur  Waters,  Corsica). 

Pigeon  Breast.  See  Rickets  (Clinical 
Features,  Chest).  See  also  Deformities  (Rickets) ; 
Nose,  Post-nasal  Adenoid  Growths  (Symptoms, 
Acquired  Pigeon  Breast). 

Pigeon  Toe.  See  Deformities  (Hallux 
Varus  or  Piyeon  Toe). 
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Pigrnenta-tion.  See  Adrenal  Glands, 
Addison's  Disease  {Morbid  Anatomy) ;  Alcohol- 
ism ( Vaso-motor  Variations,  Pigmentation)  ; 
Drug  Eruptions  (Pigmentation) ;  Liver,  Dis- 
eases OF  (Pigmentation  of  the  Liver) ;  Nerves, 
Multiple  Peripheral  Neuritis  (Epidemic  due 
to  Arsenic,  Pigmentation) ;  Pregnancy,  Affec- 
tions and  Complications  (Cutaneous  Rashes) ; 
Pruritus  (Consequences,  Pigmentation) ;  Rheum- 
atism, Rheumatoid  Arthritis  (Clinical  Char- 
acters) ;  Sclerodermia  (Circumscribed  Form, 
or  Morphoea) ;  Skin,  Pigmentary  Affections 
of  the. 

Pig^mentodermia.  See  Skin,  Pig- 
mentary Affections  of  the. 
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See  also  Blood  (Special  Examination,  Pigment 
Granules) ;  Hematoporphyrinuria  ;  H^emoglob- 
inuria  ;  Physiology,  Tissues  (Pigment  Cells) ; 
Physiology,  Blood  (Red  Cells) ;  Physiology, 
Food  and  Digestion  (Bile  Pigments) ;  Physi- 
ology, Excretion  (Urine  Pigments) ;  Skin, 
Anatomy  and  Physiology  (Pigment  of  the  Skin) ; 
Skin,  Pigmentary  Affections  of;  Spectro- 
scope IN  Medicine  (Classification  of  Spectra) ; 
Urine,  Pathological  Changes  in  (Pigments). 

Of  the  pigments  which  contribute  to  the  colora- 
tion of  the  various  organs,  tissues,  and  excreta 
of  the  animal  body,  some  perform  very  import- 
ant functions,  whereas  others  can  only  be 
regarded  as  mere  waste  products  which  are 
thrown  out  in  the  urine  and  fseces.  These 
latter  are  for  the  most  part  products  of  the 
metabolism  of  the  most  important  of  the 
coloured  constituents  of  the  body,  namely,  hae- 
moglobin. 

The  spectroscope  has  afforded  very  valuable 
aid  in  the  recognition  and  study  of  many  of  the 
animal  pigments,  and  especially  of  those  derived 
from  hsemoglobin,  and  renders  possible  their 
detection  even  when  present  in  quantities  so 
minute  that  they  could  hardly  be  found  by 
other  means.  However,  its  indications  require 
to  be  controlled  by  chemical  methods,  especially 
when  it  is  sought  to  obtain  the  individual  pig- 
ments in  a  condition  of  purity. 

Many  of  the  animal  pigments  owe  their 
importance  to  the  parts  which  they  take  in 
adornment :  but  it  must  be  remembered  that 
many  of  the  most  brilliant  hues  of  birds  and 
insects  are  not  of  pigmentary  origin,  but  are 
optical  effects,  interference  colours,  due  to  the 
structure  of  the  surfaces  which  display  them. 
Even  excretory  products  are  sometimes  utilised 
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for  purposes  of  adornment,  as,  for  example, 
uric  acid,  which,  as  F.  G.  Hopkins  has  shown, 
serves  as  the  white  pigment  of  the  wings  of 
certain  butterflies,  the  Pieridse. 

Important  as  surface  pigmentation  is  in  con- 
nection with  sexual  selection,  it  is  no  less  im- 
portant in  affording  protection  by  approximating 
the  colours  of  animals  to  those  of  the  surround- 
ings amongst  which  they  live,  or  by  offering  a 
conspicuous  warning  that  a  brilliantly  tinted 
insect  belongs  to  a  species  which  is  unsuitable 
for  food.  In  man  such  functions  of  the  surface 
pigments  are  less  conspicuously  important  than 
amongst  the  lower  animals,  but  the  colouring 
matters  of  the  hair  and  skin,  not  to  mention 
haemoglobin  itself,  which  exerts  a  pronounced 
influence  upon  the  surface  tints,  haA'e  no  incon- 
sidei'able  share  in  adornment. 

The  dark  pigment  of  the  choroid  performs 
an  important  function  in  rendering  the  eyeball 
a  dark  chamber,  and  haemoglobin  and  the  other 
respiratory  pigments  met  with  in  some  of  the 
invertebrata  are  second  to  no  other  constituents 
of  the  animal  body  in  the  importance  of  the 
work  which  they  perform,  quite  apart  from  any 
ornamental  function. 

Our  knowledge  of  the  animal  colouring 
matters  is  as  yet  very  imperfect — far  too  in- 
complete, indeed,  to  permit  of  the  satisfactory 
classification  of  the  entire  group.  Many  of 
them,  however,  may  be  placed  in  one  of  three 
fairly  defined  groups.  One  of  these  embraces 
the  various  pigments  known  as  lipochromes. 
In  a  second  are  included  hfemoglobin  and  its 
various  coloured  derivatives  ;  and  in  the  third 
are  classed  the  dark  brown  or  black  pigments 
which  have  received  the  name  of  melanins,  and 
which  are  by  many  regarded  as  haemoglobin 
derivatives. 

The  Lipochromes  (No.  1,  p.  98),  or  fat  pig- 
ments, also  known  as  luteins,  are  very  widely 
distributed,  both  in  the  animal  and  vegetable 
kingdoms.  They  are  for  the  most  part  yellow  or 
red  colouring  matters,  all  of  which  are  soluble  in 
alcohol,  ether,  and  chloroform,  and  are  usually 
met  with  in  combination  with  fats,  from  which 
they  may  be  separated,  without  undergoing 
decomposition,  by  the  process  of  saponification. 
The  pigments  of  this  class  also  agree  in  being 
more  or  less  rapidly  decolorised  by  light,  with  the 
formation  of  colourless  derivatives  which,  accord- 
ing to  Krukenberg,  are  allied  to  cholesterin. 
In  the  solid  state  they  yield  a  blue  colour  with 
concentrated  sulphuric  or  nitric  acid,  and  some 
of  them  yield  a  blue  colour  with  iodine,  whereas 
with  others  this  reaction  is  only  very  imper- 
fectly obtained.  The  lipochromes  are  charac- 
terised spectroscopically  by  showing  absorption 
bands  towards  the  violet  end  of  the  spectrum, 
either  a  single  band  near  the  F  line,  or,  in 
addition,  a  second  band  between  F  and  G. 

Carotin,  the  colouring  matter  of  the  carrot, 
has  been  more  thoroughly  studied  than  any  other 
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Spectra  of  body  pigments. 


1.  Lipochrome. 

2.  Oxyhsemoglobin. 

3.  H.'einoglobin. 

4.  Methoomoglobin. 

5.  Carboxyhrcmoglobin. 

6.  Acid  hseniatin. 


7.  Alltaline  hsematin. 

8.  Hsematoporphyrin  (acid). 

9.  ,,  (allialine). 

10.  Urobilin. 

11.  Uroerythrin. 


lipochrome,  and 
this  and  several 
otlier  members  of 
the  group  have 
been  obtained  in 
crystalline  form. 
Husemann  as- 
signed to  this  pig- 
ment the  formula 
CigHj^O,  but  Ar- 
naud  has  more  re- 
cently maintained 
that  carotin,  as  it 
exists  in  the 
vegetables  which 
it  colours,  con- 
tains no  oxygen, 
and  assigns  to  it 
the  formula 
C.26H38.  T  h  e 
absence  of  nitro- 
gen, at  any  rate, 
appears  to  be  a 
feature  common 
to  all  the  members 
of  the  lipochrome 
group. 

A  lipochrome 
which  has  received 
considerable  at- 
tention, and  which 
has  a  wide  dis- 
tribution in  the 
animal  kingdom, 
is  tetronerythrin, 
which  was  first 
isolated  by  Wiirm 
from  the  red  areas 
around  the  eyes 
of  certain  birds, 
and  has  been 
found  by  Halli- 
burton to  be  the 
red  pigment  met 
with  in  the  skin, 
blood,  and  hypo- 
derm  of  the  lob- 
ster and  allied 
Crustacea. 

Lutein,  the  pig- 
ment of  the  cor- 
pora lutea,  was 
first  described  by 
Thudichum,  who 
thus  laid  the 
foundation  of  the 
study  of  this 
group  of  sub- 
stances. 

When  human 
fat  is  extracted 
with  ether  the 
yellow  solution 
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which  is  obtained  shows  two  well-marked  ab- 
sorption bands  towards  the  violet  end  of  the 
spectrum,  due  to  the  lipochrome  which  it  con- 
tains, and  a  similar  spectrum  is  seen  when  yolk 
of  egg  is  treated  in  the  same  manner.  Other 
interesting  members  of  the  group  are  the 
chromophanes  of  the  retinal  cones  of  fishes, 
birds,  and  reptiles. 

The  pigment  which  is  mainly  responsible  for 
the  yellow  colour  of  the  blood-serum  aiad  of 
serous  effusions  is  also  believed  to  be  a  lipo- 
chrome. The  colouring  matter  of  human  serum 
has  received  little  special  study,  but  from  ox 
serum  Krukenberg  was  able  to  extract,  by 
means  of  amylic  alcohol,  a  yellow  pigment  which 
showed  two  absorption  bands  in  the  position  of 
lipochrome  bands,  and  Halliburton  has  obtained 
similar  results  with  the  blood  of  birds,  turtles, 
and  mammalia. 

Other  pigments  may,  of  course,  contribute  to 
the  coloration  of  the  serum,  such  as  hsemoglobin, 
bilirubin,  which  Hammarsten  has  shown  to  be 
frequently  present  in  the  serum  of  horses,  as 
well  as  urobilin  and  other  excretory  pigments 
on  their  way  to  be  excreted  by  the  kidneys. 

HEMOGLOBIN   AND   ITS  DERIVATIVES.  —  In  the 

present  article  hsemoglobin  claims  consideration 
only  as  a  pigment  of  the  body,  and  as  the  parent 
substance  of  a  large  family  of  coloured  deriva- 
tives. For  descriptions  of  the  chemical  and 
spectroscopic  properties  of  these  substances,  as 
well  as  of  the  far  more  important  respiratory 
function  of  hsemoglobin,  the  reader  is  referred 
to  works  on  physiology. 

It  is  a  familiar  fact  that  the  respective  tints 
of  arterial  and  venous  blood  are  dependent  upon 
the  change  of  oxyhsemoglobin  to  reduced  hsemo- 
globin, and  vice  versa.  Changes  of  the  colour 
of  the  blood  are  also  brought  about  by  the  com- 
bination of  hsemoglobin  with  gases  other  than 
oxygen,  as,  for  example,  the  cherry  tint  observed 
in  cases  of  poisoning  by  carbon  monoxide. 

In  the  surface  coloration  of  the  human  body 
hsemoglobin  has  an  important  share,  and  its 
influence  is  obvious  not  only  in  the  visible 
mucous  membranes,  but  also  in  the  skin  itself. 
An  estimate  of  the  part  which  it  plays  is  readily 
formed  by  the  observation  of  patients  suffering 
from  extreme  ansemia,  as  contrasted  with  those 
who  show  rosy  tints  of  health ;  and  also  from 
the  blue  tint  of  cyanosis,  which  sometimes 
attains  to  so  extreme  a  degree  in  sufferers  from 
congenital  heart-disease.  Moreover,  when  the 
skin  is  examined  by  reflected  light  the  absorption 
bands  of  hsemoglobin  are  clearly  visible  with 
the  spectroscope. 

Methsemoglobin,  a  compound  which  has  the 
same  percentage  composition  as  oxyhsemoglobin, 
but  in  which  the  oxygen  is  more  firmly  held,  is 
often  met  with  in  the  urine,  to  which  it  gives 
a  dark  brown  or  smoky  tint.  It  is  not  only  in 
hsemoglobinuria  that  it  is  present,  but  also  in 
the  ordinary  smoky  urine  of  hsematuria.  Hoppe- 


Seyler  stated,  indeed,  that  blood  pigment  in 
the  urine  is  always  passed  in  this  form,  and  it 
is  an  undoubted  fact  that  blood  pigment  which 
has  the  form  of  methsemoglobin  in  the  fresh 
urine  may  become  converted  into  oxyhsemo- 
globin on  standing,  with  a  corresponding  change 
of  tint  from  brown  to  pink. 

Hsemoglobin  also  has  an  important  share  in 
the  coloration  of  the  solid  tissues,  partly  owing 
to  its  presence  in  the  blood  contained  in  their 
vessels.  MacMunn  has  described  a  group  of 
pigments  allied  to  hsemoglobin  which  he  calls 
histohfematins,  the  most  important  of  which  is 
myohsematin,  the  colouring  matter  of  muscle. 
He  made  an  elaborate  spectroscopic  study  of 
this  pigment,  which  he  found  to  be  present  in 
the  muscles  of  insects,  as  well  as  in  those  of 
other  invertebrata  which  have  no  hsemoglobin 
in  their  blood.  He  also  described  a  modified 
myohsematin  obtained  by  artificial  gastric  diges- 
tion of  muscle. 

On  the  other  hand.  Levy  maintained  that 
the  myohsematin  of  MacMunn  was  not  a  distinct 
pigment,  but  that  the  spectra  observed  were 
due  to  admixture  of  hsemoglobin  and  hsemo- 
chromogen,  the  formation  of  the  latter  being 
due  to  post-mortem  changes. 

The  most  recent  investigator  in  the  field  is 
Morner,  who  failed  to  detect  in  the  fresh  muscle 
of  dogs  and  oxen  any  pigment  yielding  the 
spectra  described  by  MacMunn.  He  observed, 
however,  slight  differences  between  the  spectra 
of  the  muscle  pigment  and  the  blood-colouring 
matter  of  the  same  animal,  the  absorption  bands 
of  the  former  being  slightly  shifted  towards  the 
red.  Similar  differences  were  observed  when 
the  corresponding  carbonic  oxide  and  methsemo- 
globin were  prepared.  On  the  other  hand,  the 
hsematin  from  muscle  did  not  differ  from  that 
prepared  from  the  blood,  and  hence  he  concludes 
that  the  difference  lies  in  the  proteid  com- 
ponents. He  proposes  for  the  muscle  pigment 
the  name  of  myochrome. 

Hcemochromogen,  the  coloured  constituent  of 
hsemoglobin,  which  has  a  very  characteristic 
spectrum,  has  been  detected  by  MacMunn  in 
the  medulla  of  the  suprarenal  capsules,  but 
otherwise  is  not  known  to  figure  as  a  pigment 
of  the  body. 

HcBmatin  has  been  met  with  in  urine  in  sul- 
phuric-acid poisoning,  and  is  possibly  present  in 
that  excretion  more  frequently  than  has  hitherto 
been  supposed.  It  is  also  found  in  the  ali- 
mentary canal,  being  formed  by  the  action  of 
the  digestive  juices  upon  hsemoglobin. 

Hcematoporphyrin,  an  iron-free  derivative  of 
hsemoglobin,  was  known  as  a  laboratory  product 
before  its  occurrence  as  a  natural  pigment  was 
recognised.  It  has  been  found  by  MacMunn  in 
the  integuments  of  certain  invertebrate  animals, 
some  of  which  have  no  hsemoglobin  in  their 
blood,  and  is  one  of  the  colouring  matters  em- 
ployed in  the  decoration  of  the  shells  of  birds' 
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eggs.  In  normal  human  urine  it  is  present  in 
minute  traces,  and  occasionally,  especially  as  a 
result  of  sulphonal  poisoning,  it  appears  in  the 
urine  in  much  lai'ger  amount  (see  art.  "  HjEMATO- 
PORPHYRiNURiA,"  vol.  iv.  p.  21).  Traces  of  this 
pigment  are  also  met  with  in  faeces  and  bile, 
and  it  is  more  abundantly  present  in  meconium. 
In  a  case  of  sulphonal  poisoning  it  has  also  been 
extracted  from  the  blood. 

There  is  as  yet  no  evidence  that  hsemato- 
porphyrin  is  anything  but  a  waste  product  of 
metabolism,  and  the  amount  excreted  appears 
to  be  largely  dependent  upon  the  condition  of 
the  liver. 

Haematoporphyrin  (CjgHj3N203)  is  distin- 
guished by  the  beautiful  pink  colour  of  its 
sokitions,  and  by  the  distinctive  and  somewhat 
complex  spectra  shown  by  its  solutions  under 
different  conditions.  The  interest  attaching  to 
this  pigment  is  greatly  increased  by  the  fact 
that  pigments  bearing  the  closest  resemblance 
to  it  in  their  spectroscopic  properties  have 
been  obtained  by  Church  from  tui-acin,  and  by 
Schiinck  and  Marchlewski  from  chlorophyle ; 
but  both  turacoporphyrin  and  phylloporphyrin 
differ  from  haematoporphyrin  in  their  composi- 
tion. This  raises  the  question  how  far  a  practi- 
cal identity  of  absorption  spectra  affords  evidence 
of  the  identity  of  the  substances  which  yield 
them,  and,  as  we  shall  presently  see,  the  same 
question  arises  with  regard  to  the  urobilinoid 
products  artificially  prepared  from  bilirubin  and 
haematin.  On  the  other  hand,  such  resemblances 
may  fairly  be  supposed  to  point  at  least  to  a 
close  chemical  relationship  between  the  sub- 
stances from  which  such  allied  products  are 
obtained,  and  probably  to  the  presence  in  them 
of  a  common  radicle. 

The  bile  pigments  constitute  a  second 
class  of  iron-free  haemoglobin  derivatives,  and 
of  these  bilirubin  and  biliverdin  are  by  far  the 
most  important.  Bilirubin  has  the  formula 
C]gHjgN203,  and  will  be  seen  to  be  isomeric 
with  haematoporphyrin.  In  the  amorphous 
state  it  appears  as  a  yellowish  red  powder, 
insoluble  in  water,  very  slightly  soluble  in 
alcohol  and  ether,  but  readily  dissolved  by 
chloroform.  It  forms  readily  soluble  compounds 
with  alkalies,  and  alkaline  solutions  turn  green 
on  standing,  owing  to  the  oxidation  of  bilirubin 
to  biliverdin  (Cj^H^gNgO^).  Unlike  bilirubin, 
biliverdin  is  readily  soluble  in  alcohol,  and 
insoluble  in  chloroform.  Neither  of  these  pig- 
ments shows  any  spectroscopic  absorption  bands, 
but  merely  general  absorption  of  the  more 
refrangible  rays. 

The  evidence  of  the  derivation  of  the  bile 
pigments  from  haemoglobin  is  of  various  kinds, 
such  as  their  increased  formation  when  excessive 
haemolysis  is  going  on  ;  the  formation  of  crystals 
of  haematoidin,  which  is  apparently  identical 
with  bilirubin,  in  the  seats  of  blood  extravasa- 
tions ;  and  the  fact  that  under  the  influence  of 


reducing  agents  both  bilirubin  and  haematin 
yield  urobilinoid  products. 

The  bile  of  the  herbivora  is  green  from  the 
presence  of  biliverdin,  but  some  doubt  exists  as 
to  the  nature  of  the  pigment  of  normal  human 
bile.  Post-mortem  human  bile  is  usually  golden 
or  brown  in  tint,  and  in  gall-stones  bilirubin 
calcium  is  the  chief  pigmentary  ingredient, 
whereas  fistula  bile  is  nearly  always  of  a  bright 
green  colour.  When  the  bile  pigment  traverses 
the  intestine  unchanged  it  may  appear  in  the 
faeces,  either  as  bilirubin  or  as  biliverdin. 
When  it  becomes  diffused  thi-ough  the  tissues 
in  jaundice  it  appears  in  the  skin  as  bilirubin, 
but  in  cases  of  long-standing  jaundice  a  greenish 
tint  develops.  In  the  urine  of  jaundiced  persons 
either  or  both  of  these  pigments  may  be  present, 
and  especially  in  the  urine  of  infants  bilirubin 
may  be  deposited  in  crystalline  form. 

The  other  known  bile  pigments,  such  as 
bilifuscin,  bilihumin,  and  biliprasin,  have  been 
chiefly  met  with  as  constituents  of  gall-stones. 
Bilicyanin  has  also  been  found  in  gall-stones, 
and  cholhaematin  is  a  pigment  with  a  charac- 
teristic spectrum  which  has  been  found  by 
MacMunn  in  the  bile  of  sheep  and  oxen. 

Urobilin  is  also  found  in  the  bile,  and  appears 
to  be  one  of  a  group  of  allied  pigments  which 
may  be  prepared  by  the  action  of  reagents  upon 
the  blood  and  bile  pigments.  It  is  characterised 
by  a  broad  dark  absorption  band  near  the  F 
line,  and  by  yielding  a  green  fluorescence  with 
zinc  chloride  and  ammonia. 

It  is  abundantly  present,  chiefly  as  a  chromo- 
gen,  in  normal  faeces,  and  is  probably  formed 
by  the  action  of  intestinal  bacteria  upon  bili- 
rubin. It  differs,  however,  in  composition  from 
hydrobilirubin,  the  very  similar  pigment  ob- 
tained by  the  action  of  sodium  amalgam  upon 
bilirubin.  It  is  also  met  with  in  urine  in  traces 
in  health,  and  here  in  the  form  of  chromogen, 
and  in  far  larger  amount  in  many  morbid  urines, 
which  may  show  its  absorption  band  with  great 
distinctness.  There  are  good  grounds  for 
believing  that  the  urobilin  of  the  urine  and  the 
bile  are  alike  derived  from  the  intestinal  supply, 
and  it  disappears  from  both  urine  and  bile  when 
complete  occlusion  of  the  common  duct  prevents 
the  entry  of  bile  into  the  intestine. 

Among  the  derivatives  of  haemoglobin  a  place 
should  probably  be  assigned  to  urochrome,  the 
yellow  colouring  matter  of  normal  urine,  which 
has  no  distinctive  spectrum.  From  this  pigment 
a  urobilinoid  substance  is  obtained  by  the  action 
of  aldehyde  upon  an  alcoholic  solution,  but  this, 
like  the  products  prepared  from  haematin  and 
bilirubin,  exhibits  differences  from  the  natural 
urobilin  of  the  urine  and  faeces.  As  to  the  mode 
and  place  of  origin  of  urochrome  no  further 
evidence  is  as  yet  forthcoming. 

The  Melanins. — Our  knowledge  of  the  dark 
brown  and  black  pigments  known  as  melanins 
is  as  yet  very  imperfect.    Numerous  analyses 
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of  such  pigments  have  been  carried  out,  but 
the  results  which  have  been  obtained  differ 
somewhat  widely,  even  with  materials  derived 
from  the  same  source.  The  differences  observed 
are  specially  marked  as  regards  the  presence  or 
absence  of  iron  and  the  proportion  of  combined 
sulphur.  They  are,  doubtless,  in  part  due  to 
the  difficulty  of  isolating  substances  of  this 
description  unaltered,  but  yet  in  a  condition  of 
purity,  and  in  part,  perhaps,  to  the  presence  of 
more  than  one  pigment  of  the  group  in  the  same 
situation.  Some  observers  regard  the  melanins 
as  derivatives  of  hsemoglobin,  basing  their 
opinion  in  part  upon  the  presence  of  iron ;  but 
others,  including  Nencki,  take  a  different  view 
of  their  origin,  and  Krukenberg  looks  upon 
them  as  more  nearly  related  to  the  lipochromes 
than  to  haemoglobin. 

In  the  human  body  melanins  play  important 
parts  in  the  pigmentation  of  the  hair  and  eyes, 
as  well  as  of  the  skin  of  the  dark  races,  and 
even  in  the  white  races  in  the  coloration  of 
moles.  In  cases  of  generalised  melanotic 
tumours  large  quantities  of  a  pigment  or 
pigments  of  this  class  are  formed,  and  may  be 
excreted  in  part  in  the  urine. 

The  dark  pigment  of  hair  has  been  investi- 
gated by  Sieber,  who  found  it  to  be  free  from 
iron,  but  to  contain  sulphur.  Abel  and  Davis 
also  failed  to  find  iron  in  this  pigment  as  well 
as  in  that  of  the  skin  of  negroes. 

The  black  pigment  of  the  retina  known  as 
fuscin  has  been  found  by  Kiihne  and  Mays  to 
contain  iron,  whereas  Scherer  and  Sieber  found 
neither  iron  nor  sulphur  in  the  very  similar  if 
not  identical  colouring  matter  of  the  choroid 
coat  of  the  eye. 

The  melanins  of  melanotic  tumours  have  been 
repeatedly  investigated.  Heintz  found  no  iron 
in  them ;  Dressier  found  no  sulphur,  but  a 
small  quantity  of  iron  was  detected  in  the  ash. 
The  pigment  isolated  by  Berdez  and  Nencki,  to 
which  they  assigned  the  name  of  phymatorhusin, 
was  insoluble  in  water,  alcohol,  and  ether,  but 
readily  soluble  in  alkalies,  from  which  it  could 
be  reprecipitated  by  acids.  No  iron  was  present 
in  it,  but  it  contained  sulphur  in  considerable 
amounts.  From  melanotic  growths  in  the  horse 
they  isolated  a  second  pigment  to  which  they 
gave  the  name  of  hippomelanin. 

Morner,  on  the  other  hand,  obtained  from 
human  tumours,  and  from  the  urine  of  the 
patient,  two  pigments,  one  soluble  and  the 
other  insoluble  in  acetic  acid.  Both  contained 
iron  as  well  as  sulphur.  He  ascribes  the 
absence  of  iron  from  the  products  isolated  by 
previous  observers  to  the  employment  of  hydro- 
chloric acid  in  their  preparation.  The  sarco- 
melanin  isolated  by  Schmiedeberg  also  contained 
iron,  and  similar  results  have  been  obtained  by 
Brandl  and  L.  Pfeiffer. 

The  dark  pigment  present  in  the  urine  in 
such  cases  is  in  part  or  whole  passed  as  a 


chromogen,  melanogen,  and  darkening  may  only 
take  place  after  exposure  to  the  air.  Sometimes, 
however,  the  urine  is  of  a  very  dark  colour 
when  passed. 

Occasionally,  as  in  a  case  recorded  by  Senator, 
the  pigment  is  present  in  the  blood  and  ascitic 
fluid  as  well  as  in  the  urine. 

Other  Pigments. — By  no  means  all  the  pig- 
ments of  the  human  body  can  be  placed  in  one 
or  other  of  the  above  groups. 

For  example,  the  chemical  relationships  of 
the  visual  purple,  the  unstable  pigment  of  the 
retinal  rods,  are  unknown.  Our  knowledge  of 
this  substance  is  largely  due  to  the  researches 
of  Kiihne. 

It  is  so  readily  decolorised  by  light  that  its 
separation  has  to  be  carried  out  by  the  light  of 
the  sodium  flame.  The  best  solvent  is  a  dilute 
solution  of  bile  salts,  and  it  can  be  reprecipitated 
by  removing  the  bile  salts  from  the  liquid  by 
dialysis.  It  is  not  only  decolorised  by  light, 
but  also  by  heating  its  solutions,  by  alkalies 
other  than  ammonia,  by  acids,  and  even  by 
alcohol,  ether,  and  chloroform.  The  reddish 
purple  solution  of  the  pigment  shows  no  definite 
absorption  bands. 

Another  pigment  which  cannot  as  yet  be 
assigned  to  any  definite  class  is  uroerythrin, 
the  urinary  colouring  matter  which  is  respon- 
sible for  the  reddy  orange  tint  of  febrile  urines 
and  that  of  sufferers  from  hepatic  diseases,  and 
which  colours  uratic  sediments  pink.  It  is  an 
extremely  unstable  substance,  its  solutions  are 
rapidly  decolorised  by  light,  and  it  is  destroyed 
by  alkalies  with  the  formation  of  a  green  pro- 
duct. Its  spectrum  consists  of  two  feeble  bands 
in  the  green  and  blue  united  by  a  dark  shading. 

The  indigo  pigments  are  derived  indirectly 
from  indol,  which  is  formed  in  the  intestine  by 
the  bacterial  decomposition  of  proteids.  From 
the  intestine  it  is  absorbed  and  excreted  by  the 
kidneys  in  the  form  of  indoxyl-sulphuric  and 
indoxyl-glycuronic  acids.  Indigo  blue  is  some- 
times spontaneously  deposited  from  the  urine, 
and  in  a  very  few  instances  renal  calculi  com- 
posed of  indigo  have  been  met  with.  Indoxyl- 
sulphuric  acid  is  often  present  in  the  urine  in 
considerable  amount,  as,  for  example,  in  cases 
of  intestinal  obstruction,  and  under  such  cir- 
cumstances the  urine,  when  boiled  with  hydro- 
chloric acid  and  a  trace  of  bleaching  powder, 
yields  an  abundance  of  indigo  blue  and  red. 

Urorosein  is  a  pink  pigment  which  is  also 
obtained  by  the  action  of  hydrochloric  acid  upon 
the  urine,  from  which  its  colourless  chromogen 
has  been  isolated  in  crystalline  form.  It  also 
is  very  probably  of  intestinal  origin. 

The  brown  oxidation  products  of  the  di- 
oxybenzenes  are  also  occasionally  met  with  in 
urine,  as  in  cases  of  carboluria,  and  in  the  rare 
condition  known  as  alkaptonuria. 

Lastly,  bacterial  pigments  must  be  mentioned, 
such  as  pyocyanin,  which  is  the  product  of  the 
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bacillus  pyocyaneus,  and  which  occasionally  im- 
parts to  pus  a  green  colour. 

In  the  present  article  it  has  only  been  possible 
to  give  a  mere  outline  of  the  subject  of  the 
pigmentation  of  the  human  tissues  and  excreta, 
and  the  limits  of  space  have  precluded  more 
than  incidental  reference  to  the  colouring 
matters  of  the  lower  animals,  which  present 
many  problems  of  great  interest.  Of  some  of 
these  pigments  copper  is  an  essential  constituent, 
as,  for  example,  hsemocyanin,  the  respiratory 
pigment  of  the  blood  of  some  Crustacea  and 
molluscs.  Turacin,  the  red  pigment  of  the 
wing-feathers  of  the  touracos,  is  another  copper- 
containing  pigment  of  much  interest.  Its 
properties  and  composition  have  been  investi- 
gated by  Professor  Church,  and,  as  has  been 
already  mentioned,  by  the  action  of  sulphuric 
acid  upon  it  a  product  called  turacoporphyrin 
is  obtained,  which,  in  its  spectroscopic  features, 
bears  the  closest  resemblance  to  heematopor- 
phyrin. 

Pigrnentum. — in  Pharmacy  pigmentum 
is  the  name  given  to  a  preparation  which  is 
meant  to  be  painted  on  the  skin  or  on  a  mucous 
membrane. 

PigfOdidymuS. — A  teratological  type  in 
which  two  foetuses  are  united  by  the  gluteal 
regions. 

Pig's.  See  Anthrax  {In  the  Loxver 
Animals) ;  Rheumatism,  Chronic  {Comparative 
Pathology,  Pigs). 

PigStyeS. — According  to  Sanitary  Law 
(L.G.B.  Model  By-Laws)  swine  must  not  be  kept 
within,  say,  100  feet  of  any  dwelling,  and  care 
must  be  taken  that  water  for  drinking  or  dairy 
purposes  or  for  manufacturing  drinks  be  not 
contaminated  by  them.  According  to  the 
Public  Health  (Scotland)  Act  of  1897,  the 
Local  Authority  may  make  by-laws  regarding 
the  construction,  situation,  and  mode  of  cleans- 
ing of  pigstyes. 

Piles.  See  Rectum,  Diseases  of  {Hmmor- 
rhoids).  See  also  Haemorrhoids  and  Cross 
References ;  Hydropathy  {Subacute  and  Chronic 
Diseases,  Piles,  Ascendirig  Douche) ;  Liver, 
Diseases  of  {Functional  Disease,  Piles). 

PiilSirS. — The  name  given,  in  Anatomy, 
to  supporting  structures  or  columns,  such  as 
the  pillars  of  the  diaphragm,  abdominal  ring, 
fauces,  and  fornix. 

Pills  or  Pilulae.  See  Prescribing 
{Methods  of  Administering  Drugs,  by  the 
Mouth).  See  also  under  the  various  drugs,  e.g. 
Aloes,  Ferrum,  Mercury,  etc. 

PilO-. — In  compound  words  pilo-  (Lat. 
pilus,  a  hair)  means  relating  to  hair ;  e.g.  pilo- 


motor (producing  movement  of  hairs),  pilocystic 
(of  the  nature  of  a  dermoid  cyst),  pilose  (hairy). 

PilOCa.rpine>  See  Jaborandi;  Alka- 
loids ;  Glaucoma  {Treatment,  Myotics) ;  Physi- 
ology, Excretion  {Sweat  Secretion) ;  Toxicology 
{Alkaloids  and  Vegetable  Poisons,  Pilocarpine). 

Pilonid£ll« — Serving  as  a  nest  {nidus) 
for  the  accumulation  of  hairs,  e.g.  in  a  cyst  or 
fistula. 

Pilosis. — Abnormal  development  of  hair. 
See  HiRSUTiES. 

Pi  marie  Acid. — An  acid  resin, 
CggHg^Og,  contained  in  the  turpentine  of  Pinus 
7naritima. 

PimelO. — In  compound  words  pimelo-  (Gr. 
■jrifj-ekr],  fat)  means  fatty  ;  e.g.  pimeloma  (a  fatty 
tumour),  pimelorrhoea  (a  fatty  discharge),  and 
pimeluria  (fat  in  the  urine). 

Pimenta,. —  Pimento  is  the  unripe  fruit 
of  Pimenta  officinalis,  the  all-spice  tree ;  it 
contains  a  volatile  oil  {Oleum  Pimento;)  which 
contains  eugenol,  and  is  given  in  doses  of  ^ 
to  3  m.  ;  there  is  an  Aqua  Pirnentce  (dose,  1  to 
2  fl.  oz.) ;  pimento  has  the  same  pharmacology 
and  therapeutics  as  cloves. 

Pinard'S  Sign. — Pain  on  pressure  over 
the  fundus  uteri  during  the  last  three  months 
of  pregnancy  is  said  frequently  to  indicate  a 
breech  presentation. 

Pineal  Body  or  Gland.   See  Brain, 

Physiology  of. — The  pineal  gland  is  a  small, 
fir-cone-shaped  body  which  lies  on  the  dorsal 
aspect  of  the  mesencephalon  between  the  two 
upper  corpora  quadrigemina ;  it  has  a  hollow 
peduncle  and  consists  of  rounded  and  tubular 
follicles ;  it  is  a  rudimentary  structure  in  man, 
but  in  some  vertebrates  it  is  more  highly 
developed  and  resembles  in  them  an  invertebrate 
eye  (pineal  eye).  A  pineal  tumour  causes 
symptoms.  See  Auditory  Nerve  {Diagnosis  of 
Nerve  Deafness). 

Pinene.  —  A  hydrocarbon  (CioHj^)  or 
terpene  found  in  the  oil  of  turpentine  and 
other  oils. 

Pine  Oil. — Pine  oil  or  Oleum  Pini  is 
obtained  from  Pinus  pumilio,  and  is  known 
also  as  pinol :  it  produces  the  same  effects  as 
oil  of  turpentine  {vide  Turpentine),  and  is  used 
as  an  inhalation  in  laryngitis,  bronchitis,  etc. ; 
it  has  been  recommended  also  in  rheumatism 
and  tuberculosis. 

Pineoline. — A  proprietary  preparation, 
used  externally  in  skin  diseases,  and  said  to 
contain  pine  oil  combined  with  vaseline  and 
lanoline. 
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Ping-uecula  or  Ping-uicula.— A 

small  tumour  or  yellow  patch  situated  on  the 
ocular  conjunctiva,  usually  on  each  side  of  the 
cornea.  See  Conjunctiva,  Diseases  of  ( Various 
Conditions,  Pinguecula). 

Pinic  Acid.  —  A  constituent  of  brown 
resin,  having  the  formula  C20H3QO2,  and  yield- 
ing, if  cautiously  heated,  colophonic  acid. 

Pink-eye. — A  sort  of  influenza  in  horses. 
See  Influenza  {Historical). 

Pinna. — The  external  ear  or  auricle.  See 
Ear,  External,  Diseases  of  {Anatomy). 

PinOCytOSiS. — The  power  believed  to 
be  possessed  by  phagocytes  of  imbibing  liquids 
and  so  rendering  them  harmless ;  the  word  is 
derived  from  the  Greek  ttiVw,  I  drink,  and  kvtos, 
a  cell  or  jar. 

Pinol.    See  Pine  Oil. 

Pinta. 

Definition.  —  A  tropical  disease  of  the  skin, 
characterised  by  the  development  of  variously 
coloured  patches  which  later  become  scaly. 

The  chief  countries  in  which  the  disease  is 
frequently  met  with  are :  —  Brazil,  Mexico, 
(especially  the  provinces  of  Michoacan  and 
Guerrero),  Central  America,  Venezuela,  Colombia, 
and  Peru.  It  is  particularly  common  in  the 
neighbourhood  of  creeks  and  marshes,  and  is 
never  found  at  a  greater  altitude  than  2000 
metres. 

It  affects  all  races,  but  more  especially  the 
half-breeds  and  those  in  poor  circumstances, 
while  the  pure  negro  seems  to  enjoy  a  partial 
immunity. 

Symptoms. — The  disease  begins  as  one  or 
more  small  patches,  usually  situated  on  the  face 
or  extremities,  seldom  on  covered  parts.  The 
colour  is  at  first  usually  slightly  red  from 
hypereemia  in  white  subjects,  but  in  blacks  the 
patch  may  be  fawn-coloured  from  the  first. 

The  patches  rapidly  become  scaly,  and  then 
develop  gradually  their  characteristic  colour. 
This  may  be  a  blue  or  a  black  in  the  more 
superficial  varieties,  or  a  red  or  white  in  the 
deeper  form.  New  patches  continue  to  form, 
while  the  old  ones  spread  centrifugally,  until 
eventually  the  whole  body  with  the  exception 
of  the  palms  and  soles  may  be  affected. 
Pruritus  is  almost  invariably  severe,  and  may 
be  noticed  even  before  the  appearance  of  the 
skin  changes. 

As  the  patches  become  older  the  skin  under- 
goes more  or  less  degenerative  changes,  hair 
turns  white  and  falls  out,  and  the  skin  shows 
hard  papules,  rugosity,  and  general  sclerosis. 
Probably  most  of  these  later  changes  are  due 
to  scratching,  since  most  writers  agree  that  in 
the  chronic  widespread  cases  the  itching  be- 


comes intense.  In  the  deep  variety  there  is 
occasionally  a  discharge  superadded,  and  in  the 
flexures  of  joints  troublesome  ulceration  may 
occur.  In  cases  where  discharge  or  ulceration 
occurs  the  patient  acquires  a  disagreeable  odour, 
which  has  been  likened  to  the  smell  of  dirty 
linen  or  cat's  urine.  There  are  no  constitutional 
symptoms  other  than  those  induced  by  the 
continual  itching,  and  the  disease  may,  if  un- 
treated, persist  during  the  whole  lifetime  of  the 
patient  without  serious  consequences. 

Etiology  and  Pathology. — There  still  exists 
some  difference  of  opinion  as  to  the  nature  of 
the  disease,  Lier,  of  Mexico,  maintaining  that 
it  is  not  contagious,  after  numerous  failures  in 
the  attempt  to  inoculate  it,  and  therefore  con- 
sidering that  it  is  rather  to  be  regarded  as  an 
abnormality  of  pigmentation  due  to  attempted 
adaptation  of  the  skin  to  the  tropical  climate. 
Gastambide,  on  the  other  hand,  described 
several  varieties  of  fungus  belonging  to  the 
order  of  moulds  (penicillium),  which  he  found 
present  in  the  horny  layer  in  the  blue  and  black 
varieties,  and  in  the  deeper  layers  of  the  epi- 
dermis and  corium  in  the  red  and  white  varieties. 
The  fungi  varied  in  the  different  colours,  and 
Gastambide  points  out  that  though  the  same 
patient  may  exhibit  several  colours  at  once  in 
different  patches,  yet  a  patch  of  one  colour  never 
develops  into  one  of  another.  The  majority  of 
observers  seem  to  agree  more  or  less  with 
Gastambide's  views,  regarding  it  as  contagious 
and  due  to  a  mould.  Inoculation  may  occur 
directly  from  another  patient,  or  possibly  by 
the  bites  and  stings  of  insects. 

Some  confusion  still  seems  to  exist  as  to  the 
relation  of  the  disease  to  those  described  under 
the  names  of  Carates  and  Cute.  Most  writers 
assume  that  they  are  identical,  but  Barbe 
insists  that  they  are  all  three  separate  affections, 
and  says  that  they  may  be  distinguished  by 
the  following  characteristics: — Carates  is  a 
slowly  progressive  disease,  taking  three  years 
to  reach  its  period  stage  of  full  development ; 
pinta  is  much  more  rapid,  may  develop  in  forty- 
eight  hours,  and  is  extremely  contagious ;  cute 
is  also  a  disease  of  rapid  development,  and 
differs  from  both  the  others  in  that  it  is  accom- 
panied by  fever. 

No  difficulty  should  be  found  in  making  the 
diagnosis  in  patients  who  come  from  the  affected 
area.  From  leprosy  the  distinction  could  easily 
be  made  by  the  absence  of  the  characteristic 
ansesthesia,  from  Addison's  disease  by  the 
absence  of  mai-ked  asthenia  and  abdominal 
crises,  from  tinea  versicolor,  erythrasma,  and 
trichophytosis  by  the  examination  of  the  scales. 

The  treatment  is  that  of  other  epiphytic 
diseases  of  the  skin,  e.g.  unguentum  chrysa- 
robini,  unguentum  hydrargyri  nitratis,  linimen- 
tum  iodi.  Long-established  cases  require  great 
persistence  in  the  treatment,  as  the  disease  is 
extremely  liable  to  recur. 
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Pin  US.    'See  Pine  Oil. 

Pin  Worms.  See  Parasites  {Nematodes, 
Oxyuris  Vermicularis ) . 

PiOSCOpe.  —  A  lactometer  invented  by 
Heeren  for  testing  the  purity  of  milk  by  its 
colour  (Gr.  Triwv,  rich  or  oily). 

Pipera.Zine. — The  chemical  formula  of 
this  substance  is  C^Hj^No,  and  it  is  formed  by 
the  action  of  sodium  glycol  on  ethylenediamine 
hydrochloride.  It  occurs  in  small  colourless 
crystals  which  are  very  hydroscopic.  It  has 
been  introduced  for  the  treatment  of  the  "  uric- 
acid  diathesis,"  because,  theoretically,  it  should 
form  with  uric  acid  a  urate  of  piperazine  which 
is  soluble  and  easily  eliminated.  Clinical 
reports  as  to  its  efficiency  have  been  very  con- 
tradictory, some  stating  that  it  increases  the 
output  of  urea  and  diminishes  that  of  uric  acid, 
others  that  no  beneficial  effect  is  produced.  It 
is  prescribed  in  .5-grain  doses  three  times  daily, 
and  should  be  given  in  solution,  or  as  "  effer- 
vescent piperazine,"  which  contains  5  grains  to 
each  drachm.  It  has  been  recommended  to 
prevent  the  formation  of  uric  acid  calculi,  and 
to  diminish  irritability  of  the  bladder  when  this 
is  due  to  excess  of  uric  acid  in  the  urine. 
Lycetol,  Lysidine,  and  Sidonal  are  substances 
for  which  similar  actions  are  claimed. 

Piperidine.    See  Pepper. 

Piperine.    See  Pepper. 

Piper  Nigrum.  ^S^ee  Dermatitis  Trau- 
matica et  Venenata  {Casual  Agents,  Vegetable, 
Piper  Nigrum) ;  Pepper. 

Pipette. — A  glass  tube  open  at  both  ends, 
but  generally  narrower  at  one  end  than  at  the 
other,  used  for  the  transference  of  definite 
quantities  of  fluid  from  one  place  to  another. 

PirogOfPs  Operation.  See  Ampu- 
tations {At  Ankle-joint,  Pirogojf's). 

Piroplasma. — An  organism  belonging 
to  the  Hfemosporidia  group  of  the  Sporozoa, 
giving  rise  to  the  diseases  known  as  piroplas- 
moses  {e.g.  "spotted  fever"  in  man  and  "red 
water"  in  cattle).  <S'ee  Parasites  {Protozoa, 
Piroplasma) ;  DuM-DuM  Fever  ;  Kala-azar. 

Pise  i  are  Hi.  'S'ee  Balneology  {Italy, 
Chalybeate  Waters). 

Pisiform.  —  Shaped  like  a  pea  {Lat. 
pisum,  a  pea),  e.g.  the  pisiform  bone  of  the 
carpus. 

Pitcll.  >S'ee  Pix.  See  also  Physiology, 
Respiration  {Voice,  Pitch). 

Pithecanthropus  Erectus.— The 

"missing  link,"  or  pithecoid  (ape-like)  ancestor 
of  man.    *S'ee  Anthropology. 


Pitlochry.  See  Therapeutics,  Health 
Resorts  {Scotch). 

PitOt'S  Tubes. — in  sanitary  engineer- 
ing these  tubes  are  used  to  determine  the 
velocity  of  rivers  :  they  are  tubes  open  at  both 
ends,  but  having  one  end  about  at  right  angles 
to  the  rest  of  the  tube ;  the  water  stands  in  the 
tubes  at  different  levels  according  to  the  way 
in  which  the  bent  end  faces  or  is  turned  away 
from  the  current,  and  by  comparing  the  levels 
in  differently  placed  tubes  the  velocity  of  the 
stream  can  be  deduced. 

Pitting'.  <S'ee  Smallpox  {Treatment,  Pre- 
vention  of  Pitting). 

Pituita. — Phlegm,  or  the  secretion  from 
a  mucous  membrane. 

Pituitary  Body  (Hypophysis  cerebri). 

'S'ee  also  Acromegaly  {Pathogenesis) ;  Brain, 
Physiology  of  ;  Brain,  Tumours  of  {Morbid 
Anatomy) ;  Physiology,  Internal  Secretions 
OR  Hormones  {Pituitary  Body). 

Structure. — This  body  consists  of  two  lobes 
of  different  developmental  origin:  (1)  An 
anterior  larger  lobe,  glandular  in  type,  derived 
from  the  embryonic  oral  cavity  ;  (2)  a  posterior 
smaller  lobe,  belonging  genetically  to  the  brain, 
a  continuation  of  the  infundibulum. 

The  anterior  epithelial  lobe  (hypophysis 
proper)  is  light  reddish-brown,  darker  in  colour 
than  the  posterior  one,  and  in  its  origin  from 
the  oral  epiblast  is  homologous  with  the  buccal 
glands.  It  is  of  great  interest  histologically, 
as  it  has  a  structure  in  some  respects  resem- 
bling that  of  the  thyroid.  It  is  made  up  of 
numerous  tubes,  which  may  be  only  slightly 
convoluted,  and  which  are  arranged  in  a  net- 
work. These  tubes  are  held  together  by  con- 
nective tissue  strands  in  which  there  run 
numerous  blood-vessels  of  wide  lumen  and  with 
delicate  walls.  There  are  also  lymphatics 
between  the  tubules,  which  gradually  unite 
to  form  a  network  in  the  capsule.  The  cells 
which  line  the  tubes  are  of  two  kinds,  the  one 
set  being  larger  and  more  granular  than  the 
other.  They  may  contain  degenerated  red 
cells  or  blood  pigment,  and,  according  to  Benda, 
fat  in  the  form  of  globules.  A  colloid  substance 
is  frequently  met  with  in  the  tubes  in  the 
blood-vessels  and  also  in  the  connective  tissue 
spaces  (lymphatics).  Fine  nerve  fibres,  sym- 
pathetic in  origin,  have  also  been  described  by 
Berkeley.  There  have  been  numerous  cases 
described  where  the  colloid  material  has  occurred 
in  cysts  in  this  lobe,  and  enlargement  of  the 
pituitary  has  often  been  noted  in  cases  of 
acromegaly. 

The  posterior  lobe  arises  as  a  hollow  down- 
growth  from  the  forerunner  of  the  third 
ventricle ;  but  in  the  higher  vertebrates  it  is 
very  small  and  atrophied,  consisting  mainly 
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of  bundles  of  connective  tissue  with  branched 
pigmented  cells  and  smaller  clasping  cells  free 
from  pigment.  Its  original  nervous  structure 
is  entirely  lost. 

Functions. — Recent  investigations  have  shown 
that  the  pituitary,  like  the  suprarenal  and 
thyroid  glands,  probably  furnishes  an  internal 
secretion  which  is  of  importance  in  maintaining 
the  normal  metabolism.  The  three  methods  of 
investigation  which  have  been  employed  in 
attempting  to  arrive  at  a  knowledge  of  the 
character  of  internal  secretions  of  other  ductless 
glands — namely,  that  of  the  clinician,  where  the 
effects  of  disease  are  noted,  that  of  experimental 
removal,  and  lastly  that  of  injection  of  extracts 
— have  all  been  made  use  of.  The  results 
arrived  at,  although  very  valuable,  are  still 
not  sufficiently  definite  to  warrant  one  in  going 
further  than  stating  the  probable  role  of  the 
body.  It  is  exceedingly  unlikely  that  the 
pituitary  acts  in  a  similar  way  to  the  thyroid, 
although  Rogowitsch  has  stated  that  in  rabbits 
it  enlarges  after  removal  of  the  thyroid,  thus 
supplying  a  vicarious  secretion,  and  others  have 
described  hypertrophy,  tumour  growths,  etc.,  in 
cases  of  myxoedema.  The  relationship  between 
enlargement  of  the  pituitary  and  the  occurrence 
of  acromegaly  is  a  more  probable  one,  but  their 
simultaneous  occurrence  is  by  no  means  con- 
stant. The  experiments  of  Schiff  on  excretion 
of  nitrogen  and  phosphorus,  after  feeding  with 
pituitary  extracts,  do  not  warrant  one  in  draw- 
ing the  conclusion  that  the  extracts  exert  an 
influence  on  bone  metabolism.  After  complete 
removal  of  the  gland,  animals  only  survive  for 
a  comparatively  short  period,  dying  usually 
within  a  fortnight.  The  body  temperature  is 
lowered,  the  animals  gradually  become  feebler, 
suffer  from  muscular  tremors,  and  afterwards 
spasms  of  a  severe  nature,  and  finally  pass  into 
a  dyspnoeic  condition.  More  exact  information 
was  to  be  expected  from  investigating  the 
effects  of  injection  of  pituitary  extracts,  and 
these  expectations  have  been  fulfilled  by  the 
work  of  Schafer  and  his  collaborateurs.  The 
action  is  quite  different  from  that  possessed  by 
the  thyroid,  as  aqueous  extracts  of  the  infun- 
dibular or  nervous  portion  have  a  very  marked 
effect  upon  the  blood  pressure,  the  resultant 
rise  being  due  not  only  to  an  increased  heart's 
action,  but  especially  to  a  direct  local  action 
upon  the  systemic  arterioles.  This  contraction 
of  the  arterioles  can  be  demonstrated  by  circu- 
lating a  normal  saline  extract  of  the  pituitary 
through  the  blood-vessels  of  a  frog  after  de- 
struction of  its  entire  nervous  system,  or  by 
the  plethysmographic  method  applied  to  the 
limbs,  intestines,  or  spleen,  when  in  every  case 
there  is  a  distinct  diminution  in  volume. 
Unlike  the  suprarenal,  however,  the  aqueous 
infundibular  extract  produces,  after  a  brief 
latent  period,  a  marked  expansion  of  the  kidney, 
accompanied  at  the  outset  only  by  a  slight  rise 


in  general  blood  pressure  which  lasts  only  a 
few  minutes.  This  expansion  continues  for  a 
long  period,  and  concomitant  with  it  there  is 
a  marked  diuresis,  which  dies  away,  however, 
before  the  expansion  ceases.  The  substance  or 
substances  which  produce  this  effect  are  not 
soluble  in  alcohol ;  in  fact  saline  extracts  of  the 
alcohol  soluble  constituents  of  the  glands  seem 
to  produce  in  some  cases  at  least  the  opposite 
effects — temporary  fall  in  blood  pressvire,  con- 
traction of  the  kidneys,  and  diminution  in  flow 
of  urine.  This  action  is  probably,  however,  not 
specific,  but  due  rather  to  depression  of  cardiac 
activity,  a  condition  easily  brought  about  in  the 
cat,  in  which  animal  the  above-mentioned  effects 
are  most  easily  produced.  So  far,  then,  as  our 
present  knowledge  leads  us,  the  specific  action 
of  the  infundibular  part  of  the  pituitary  seems 
to  be,  in  part  at  least,  a  renal  one.  The  nature 
of  the  active  principle  or  principles  requires  still 
to  be  worked  out. 

PityriSlSiS. — A  scaly  or  scurfy  condition 
of  the  skin  (Gr.  TriTuptacris,  scurf)  characteristic 
of  several  cutaneous  affections.  See  Eczema 
{Mycosiform,  Sehorrhoeic  Variety) ;  Lung,  Tuber- 
culosis OF  [Complications,  Integumentary,  Pity- 
riasis tahescentium) ;  Nails,  Affections  of 
(In  Pityriasis  rubra) ;  Pregnancy,  Physiology 
{Changes  in  the  Skin) ;  Psoriasis  {Diagnosis) ; 
Skin,  Parasites  {Tinea  Versicolor) ;  Skin,  Pig- 
mentary Affections  of  {Spurious  Pigmentation 
in  Pityriasis  Versicolo7'). 

PiX  Burgundica. —Burgundy  pitch, 
derived  from  the  Norway  spruce,  a  plant  of 
Europe  and  Asia.  It  is  a  hard,  resinous  exuda- 
tion of  a  dull  red  colour,  and  its  chief  con- 
stituents are  pimaric  acid  and  a  volatile  oil.  It 
melts  at  the  temperature  of  the  body,  and  is 
useful  for  making  plasters.  In  itself  it  is  mildly 
stimulant  to  the  skin,  and  is  vised  as  a  counter- 
irritant  for  muscular  rheumatism,  bronchitis, 
and  sprains.    Preparation — Emplastrum  Picis. 

Fix  Carbon  is.    See  Tar. 

Fix  Liquida.  SccTau. 

FiXOl. — A  solution  of  wood-tar  in  soap, 
with  caustic  potash. 

Fjatig'Orsk.  See  Balneology  {Russia, 
Caucasus). 

FlacebO. — A  medicine  "adapted  more  to 
please  than  benefit  the  patient " ;  literally  the 
word  means  "  I  shall  be  pleasing " ;  a  familiar 
form  of  the  placebo  is  a  bread  pill. 

Flacenta.  See  Abortion  {Varieties  of 
Product,  Placental  Causes) ;  Ectopic  Gestation 
{Treatment,  Removal  of  Placenta) ;  Fcetus  and 
Ovum,  Development  of  {Placenta,  Development 
of,  and  at  Term) ;  Labour,  Stages  and  Duration 
{Third  Stage) ;  Labour,  Diagnosis  and  Meghan- 
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ISM  (Transverse  Lies  and  Placenta  Prcevia) ; 
Labour,  Management  op  {Third  Stage) ;  Labour 
IN  Multiple  Pregnancy  {Alanagement  of  Third 
Stage) ;  Labour,  Accidental  Complications 
{Retention  of  Placenta)  ;  Labour,  Injuries  to 
the  Generative  Organs  {Acute  Inversion  of  the 
Uterus,  Causes) ;  Molar  Pregnancy  {Placental 
Polypus) ;  Pregnancy,  Multiple  {Placentas  and 
Membranes) ;  Pregnancy,  Pathology  of  Dis- 
eases OF  Placenta  and  Cord  {Inflammation, 
Hcemorrhage,  CEdema,  etc.)  ;  Pregnancy,  Path- 
ology of,  Intra-Uterine  Diseases  {Transmis- 
sion of  Microbes  through  Placenta,  etc.);  Preg- 
nancy, Pathology  of  Hemorrhage  {Accidental, 
Unavoidable,  Rupture  of  the  Uterus) ;  Puerper- 
ium.  Pathology  {Pymmia,  Causes) ;  Puerper- 
lUM,  Pathology  {Deciduoma  Malignum) ;  Tera- 
tology {Placental  Parasites). 

Pla.Centa,tion. — The  mode  of  formation 
of  the  placenta. 

Pla,CentitiS. — Inflammation  of  the  pla- 
centa. See  Pregnancy,  Pathology  {Diseases  of 
the  Placenta). 

Pla,CeiltOITia. — A  tumour  derived  from 
a  portion  of  the  placenta  or  of  the  decidual 
membrane  which  forms  the  placenta  ;  malignant 
placentoma  is  a  synonym  of  chorionepithelioma 
or  deciduoma  malignum. 

Placido'S  Disc.  See  Cornea,  Affec- 
tions of  {Conical  Cornea,  Diagnosis) ;  Eye, 
Clinical  Examination  of  {Examination  of 
Cornea,  Kerato-conus,  Diagnosis). 

Pl£lCla.rOSiS. — A  soft  tumour  or  wart  of 
the  conjunctival  surface  of  the  eyelid  (Gr. 
TrAaSapos,  moist). 

PlagriOCephaly.  —  An  obliquely  de- 
formed head,  due  to  asymmetrical  development 
(Gr.  TrAayios,  slanting). 


Plag^ue. 


1. 

Definition 

106 

2. 

Synonyms 

106 

3. 

History  and  Geographical 

Distri- 

bution 

106 

4. 

A.  Modes  of  Entry  of  Infection  . 

107 

B.  Means  of  Spread  of  the 

Disease 

108 

C.  The  Spread  of  Infection  from 

Place  to  Place 

112 

(a)  By  Land  . 

112 

{h)  By  Sea.  . 

113 

5. 

Symptomatology  and  Types 

(1)  Bubonic  Plague 

114 

(2)  Septicaeniic  Plague  . 

117 

(3)  Pneumonic  Plague  . 

117 

(4)  Intestinal  Plague 

117 

(5)  Pestis  Ambulans 

118 

(6)  Pestis  minor 

118 

6. 

Morbid  Anatomy  and  Bacteriology 

119 

7. 

Diagnosis 

122 

8.  Prognosis        .       .       .       .  .123 

9.  Treatment       .        .       .        .  .124 

10.  Preparation  of  Curative  and  Pre- 

ventive Sera  and  Prophylactics  125 

11.  Measures  to   be  taken  upon  the 

Occurrence  of  an  Outbreak  of 
Plague — 

(1)  Administration     .        .  .126 

(2)  General  Measxires  to  be  Adopted  126 

(3)  Destruction  of  Rats       .  .128 

(4)  Measures  to  be  Employed  in 

excluding   Plague  from  a 
Country    .        .        .  .129 

See  also  Balneology  {Historical,  Baths  for 
Plague) ;  Epidemiology  {Seasonal  Relations  of 
Plague) ;  Gangrene  ( Varieties,  Infective) ;  Gland- 
ular Fever  {Diagnosis)  ;  Immunity  {Specific, 
Plague) ;  Leucocytosis  {I71  Iifective  Condi- 
tions) ;  Milk  {Pathological) ;  Pneumonia,  Bac- 
teriology OF  {Plague  associated  ivith  Pneu- 
mococcus) ;  Pneumonia,  Clinical  {Etiology, 
Plague) ;  Post-Mortem  Methods  {Bacteriological 
Investigations,  Plague) ;  Purpura  {Symp)tomatic, 
Infective). 

1.  Definition.  —  Plague  is  an  acute  infectious 
disease,  caused  by  a  specific  bacillus  and  char- 
acterised by  inflammation  of  the  lymphatic 
glands,  sometimes  by  pneumonia  or  septicaemia. 

2.  Synonyms. — Pestis,  Pestilentia,  Pestis  bu- 
bonica,  Clades  inguinaria  glandularia.  Oriental 
Plague,  Indian  Plague,  Pali  Plague,  Black 
Death,  Die  Pest,  Beulen  Pest,  Paste,  Pestilenza, 
Tschuma,  Mahamari,  and  a  great  many  other 
names,  some  of  which  signify  "  epidemic  disease 
with  great  mortality,"  "the  rat  disease,"  etc. 
etc. 

3.  History  and  Geographical  Distribution. 
— The  history  of  the  distribution  of  plague 
epidemics  divides  itself  into  two  portions  :  epi- 
demics before  and  after  1894  a.d.,  in  which 
year,  in  the  outbreaks  in  Southern  China,  the 
present  widely  diffused  series  of  plague  epidemics 
commenced. 

Regarding  the  early  portion  of  plague  history 
little  need  be  stated.  In  the  writings  of  Rufus 
of  Ephesus,  reference  is  made  to  an  epidemic 
of  a  disease  in  Egypt,  Libya,  and  Syria  charac- 
terised by  fever  and  buboes,  about  the  beginning 
of  the  second  century  B.C.  About  the  beginning 
of  the  Christian  era  another  plague  epidemic  was 
noted  in  Libya  by  two  Alexandrian  physicians. 
We  find  no  other  certain  reference  to  plague 
until  the  occurrence  of  the  great  Justinian 
Plague  in  the  sixth  century  a.d.,  which  ravaged 
the  whole  Roman  Empire  "  to  the  ends  of  the 
habitable  world."  This  lasted  fifty  or  sixty 
years,  and  wrought  most  frightful  havoc  where- 
ever  it  appeared.  From  the  second  half  of  the 
sixth  till  the  fourteenth  century  many  severe 
epidemics  of  plague  harassed  Europe.  The 
Black  Death  of  the  fourteenth  century  is  the 
next  epidemic  of  plague  of  which  we  have  much 
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information.  It  is  said  to  have  started  in 
Eastern  Asia,  and  to  have  spread  to  Asia  Minor, 
Northern  Africa,  and  Europe,  reaching  the 
Crimea  in  1346  ;  by  1349  and  1350  it  had 
overrun  the  whole  continent  of  Europe.  Hecker 
estimates  the  loss  of  life  in  this  pandemic  at 
25  millions,  about  a  quarter  of  the  then  popula- 
tion of  Europe.  Plague,  with  which  is  probably 
included  several  other  epidemic  diseases,  con- 
tinued to  be  prevalent  in  Europe  throughout 
the  fifteenth,  sixteenth,  seventeenth  (in  which 
occurred  the  Great  Plague  of  London),  and 
eighteenth  centuries,  sometimes  aflf'ecting  small 
areas,  at  other  times  in  the  form  of  a  pandemic. 

Towards  the  latter  part  of  the  seventeenth 
century  plague  appeared  to  be  gradually  re- 
treating from  Europe,  and  from  the  middle  of 
the  eighteenth  century  only  the  south-eastern 
parts  of  the  continent  were  permanent  seats  of 
the  disease.  In  the  nineteenth  century  plague 
was  epidemic  in  this  portion  of  the  continent 
from  time  to  time  till  1841,  when,  with  the 
exception  of  an  outbreak  in  1879  in  Astrakhan 
on  the  borders  of  Asia,  plague  disappeared  from 
Europe  till  the  localised  epidemics  which  have 
occurred  during  the  last  few  years. 

Several  endemic  centimes  of  plague  have  been 
recognised  throughout  the  world,  most  of  them 
for  a  long  period,  the  chief  of  them  being  as 
follows : — 

(1)  The  district  of  Assyr,  in  Arabia,  on  the 
eastern  shore  of  the  Red  Sea. 

(2)  Portions  of  Persia  and  Mesopotamia. 

(3)  Southern  China,  especially  the  province 
of  Yun-nan  on  the  Tibet  frontier. 

(4)  The  districts  of  Kumaon  and  Garhwal, 
Upper  India,  on  the  southern  slopes  of  the 
Himalayas. 

(5)  The  district  of  Kisiba  (German  East 
Africa),  and  an  adjoining  locality  situated  in 
the  south  of  the  province  of  Uganda,  to  the 
west  of  Lake  Victoria  Nyanza. 

(6)  The  Transbailtal  Province,  Eastern  Si- 
beria, and  Mongolia. 

(7)  More  recently  Dr.  Thiroux  has  added  the 
Island  of  Reunion,  where  he  alleges  that  plague, 
locally  known  as  Lymphangite  infectieuse,  has 
existed  in  a  mild  form  for  many  years. 

The  present  history  of  plague  distribution 
starts  from  the  year  1894,  when  the  disease 
assumed  a  new  phase.  Previous  to  this,  plague 
had  for  a  long  period  been  confined  to  the 
nomadic  tribes  in  Northern  Persia  and  Central 
Asia,  the  Arabs  in  Assyr,  and  the  Bedouins  in 
Mesopotamia.  The  fresh  characteristic  which 
plague  then  assumed  was  to  attack  large  and 
populous  cities  in  Southern  China  and  India, 
such  as  Canton,  Hong-Kong  (1894),  and  Bombay 
(1896).  Travelling  down  to  Canton  from  Yun- 
nan, near  Tibet,  the  disease  spread  to  Hong- 
Kong  and  thence  to  Bombay.  From  Hong- 
Kong  and  Canton  many  parts  of  China  have 
become  infected,  and  from  Bombay  plague  has 


spread  over  a  considerable  portion  of  the  Indian 
peninsula ;  in  1902  the  epidemic  wave  extended 
over  districts  in  India  never  before  infected 
during  the  present  pandemic,  and  as  many  as 
80,000  cases  and  61,000  deaths  from  plague 
have  been  reported  from  the  Punjab  in  a  single 
month  (March).  Since  1897  Japan,  the  Philip- 
pines, Honolulu,  Madagascar,  British  East  Africa, 
Aden,  Mauritius,  Australia,  South  America,  and 
South  Africa  have  sufifered,  and  nearer  home 
Oporto,  Alexandria,  Port  Said,  as  well  as  other 
towns,  have  become  infected.  Cases  are  con- 
tinually being  reported  from  the  Levantine 
cities,  and  these,  together  with  the  repeated 
cases  of  the  disease  occurring  on  board  ships 
arriving  in  European  ports,  make  plague  a  very 
distinct  danger  to  this  country.  Localised  out- 
breaks, fortunately  on  a  very  small  scale,  have 
already  occurred  in  Glasgow  and  Liverpool,  but 
were  soon  suppressed  by  the  authorities.  The 
geographical  distribution  of  plague  at  the 
present  time,  together  with  a  history  of  recent 
epidemics,  is  considered  at  length  in  a  special 
plague  volume  just  issued  by  the  Medical  Officer 
to  the  English  Local  Government  Board. 

4.  Modes  of  Entry  and  Means  of  Spread 
A.  Modes  of  Entry. — Plague  may  enter  the 
body  in  three  ways,  by — (1)  Inoculation;  (2) 
Inhalation ;  (3)  Ingestion. 

( 1 )  Inoculation.  —  The  commonest  mode  of 
entry  of  the  plague  bacillus  into  the  body  is  by 
the  skin.  This  probably  does  not  take  place 
through  unbroken  skin,  but  through  abrasions 
of  various  sorts,  such  as  wounds,  scratches,  etc., 
and  the  bites  or  stings  of  insects.  It  is  not 
necessary  to  suppose  that  the  insect  itself  intro- 
duces the  infection,  but  it  is  probable  that  this 
may  enter  through  the  bite,  either  by  being 
already  on  the  skin  when  the  insect  bites,  or 
by  subsequent  contamination  of  the  wound. 
The  irritation  of  the  bite  may  sometimes  pro- 
duce scratching,  which  may  be  done  with  an 
infected  finger,  and  in  this  way  inoculation  may 
occvir.  The  rings  worn  on  the  toes  in  India 
and  elsewhere,  which  are  often  associated  with 
the  presence  of  sores  on  the  toes,  may  create  a 
channel  of  entry  for  plague  infection.  In  con- 
nection with  this  fact,  however,  it  must  be 
noted  that  it  is  the  inguinal  and  femoral  glands 
of  those,  such  as  Europeans,  who  usually  go 
abovit  booted  which  are  chiefly  affected. 

The  Indian  Plague  Commission,  in  investi- 
gating this  point,  found  that  there  was  a  re- 
lation between  the  area  of  skin  sui'face  draining 
into  a  particular  set  of  glands  and  the  frequency 
with  which  those  glands  were  affected.  They 
found  that  while  the  areas  of  skin  surfaces 
which  drain  respectively  into  the  neck,  axilla, 
and  groin  stand  to  one  another  approximately 
as  1  :  1  "8  :  5,  the  hospital  statistics  at  their 
disposal  showed  that  the  relation  between  the 
numbers  of  primary  buboes  in  the  cervical, 
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axillary,  and  inguinal  regions  was  1  :  1'3  :  5'8. 
The  explanation  therefore  of  the  more  frequent 
occurrence  of  buboes  in  the  groin  seems  to  be 
that  a  much  larger  skin  surface  drains  into 
these  glands,  and  therefore  the  greater  the  skin 
surface  the  greater  the  chance  of  infection  of 
a  region.  As  instances  of  infection  by  inocula- 
tion may  be  cited  those  cases  infected  at  post- 
mortems by  cutting  the  fingers,  or  through 
abrasions  already  present.  In  such  cases  a 
bubo  subsequently  develops  corresponding  to 
the  site  of  inoculation.  The  frequency  of 
buboes  in  the  neck  in  children  may  be  ascribed 
to  their  habit  of  putting  things  into  the  mouth, 
the  channel  of  entry  being  cracked  lips,  or  other 
wounds  in  that  neighbourhood ;  or  perhaps 
infection  reaches  the  neck  through  the  tonsil. 
There  is  a  case  recorded  of  a  pneumonic  patient 
spitting  on  to  the  conjunctiva  of  a  nurse,  who 
developed  a  cervical  plague  bubo.  The  site  of 
inoculation  is  sometimes  found  as  a  small 
slightly  inflamed  papule  or  pustule,  and  the 
plague  bacillus  may  in  some  cases  be  recovered 
from  the  point  of  entry.  The  glands  corre- 
sponding to  this  pustule  are  those  affected,  and 
sometimes  inflamed  lymphatics  may  lead  from 
the  pustule  to  the  bubo.  As  a  rule  one  is 
unable  to  discover  definitely  the  point  of  in- 
oculation. 

(2)  Inhalation. — This  is  probably  the  mode 
of  entry  of  infection  in  pneumonic  and  sometimes 
septictemic  plague.  It  is  well  recognised  that 
exposure  to  an  ill-ventilated  atmosphere,  charged 
with  plague  bacilli  floating  in  the  dust  of  such 
a  room,  is  a  common  source  of  infection.  This 
latter  condition  appears  to  have  been  the  mode 
of  infection  at  the  "Wakes"  held  in  the  early 
Glasgow  cases  in  1900,  where,  among  those  who 
attended,  several  contracted  the  disease.  In 
India  this  mode  of  infection  is  probably  common 
in  the  ill-ventilated  houses,  which  are  dark, 
dirty,  and  densely  crowded,  and  where  the 
atmosphere  is  breathed  over  and  over  again, 
becoming  laden  with  plague  bacilli,  and  highly 
infectious  to  those  inhaling  it.  In  well-venti- 
lated houses  and  hospitals,  the  atmosphere  may 
be  disregarded  as  a  carrier  of  plague  infection. 
This  loss  of  infectivity  of  plague  in  the  presence 
of  efficient  ventilation  resembles  closely  what  is 
observed  in  typhus  fever.  Kitasato  claims  to 
have  demonstrated  the  presence  of  the  bacillus 
pestis  in  dust  from  the  walls  of  a  room  occupied 
by  a  plague  patient.  Experimentally,  plague 
can  be  produced  in  rats  by  placing  a  small 
quantity  of  a  plague  culture  on  their  nasal 
mucous  membranes. 

(3)  Ingestion. — Beyond  infection  through  the 
tonsil,  which  may  occur  in  cervical  cases,  there 
is  no  evidence  of  the  ingestion  of  food  causing 
plague  infection.  Infected  food  might  con- 
ceivably infect  wounds  on  the  hands  or  lips. 
Childe  has  stated,  as  a  result  of  his  Indian  ex- 
periences :  "  With  regard  to  infection  by  food. 


no  evidence  was  found  post-mortem  that  the 
bacillus  had  entered  through  the  stomach  or 
intestine."  The  intestinal  type  of  plague  might 
be  cited  as  a  proof  of  food  infection,  but  it  is 
doubtful  whether  this  type  occurs  apart  from 
one  of  the  other  well-marked  forms  of  plague. 
Rosenau  states  that  the  bacillus  pestis  can  live 
a  long  time  in  milk,  cheese,  and  butter,  but  it 
usually  dies  ovit  quickly  on  the  surface  of  fruits 
and  prepared  foods. 

In  animal  experiments  it  sometimes  happens 
that  a  healthy  rat  consumes  the  body  of  one  of 
its  own  species  which  has  succumbed  to  plague, 
without  itself  developing  the  disease.  On  the 
other  hand,  several  observers  note  that  in  like 
circumstances  such  animals  have  contracted  the 
disease  in  a  virulent  form. 

B.  Means  of  Spread. — (1)  Plague  in  the 
Lower  Animals  and  Infection  to  Man.  Mam- 
malia— Pri7nates. — The  brown  monkey  (Macacus 
radiatus),  the  grey  monkey  (Semnopithecus  en- 
tellus),  and  the  bonnet  monkey  (Macacus  sinicus) 
are  all  very  susceptible  to  plague,  and  instances 
are  reported  from  India  in  which  monkeys  have 
acquired  the  disease  in  nature.  They  can  there- 
fore aid  in  spreading  the  disease,  though  their 
influence  is  probably  small. 

Rodentia. — The  grey  rat  {Mus  decumanus), 
the  black  rat  (Mus  ratus),  and  the  white  rat  are 
all  naturally  susceptible  to  plague,  which  may 
occur  epidemically  among  them.  The  influence 
of  these  animals  in  diffusing  plague  will  be  con- 
sidered presently.  Mice,  the  pig  rat  or  bandicoot 
{NesoMa  bandicota),  the  grey  striped  squirrels 
of  India,  and  possibly  porcupines  can  naturally 
acquire  the  disease.  Ferrets,  used  to  exter- 
minate rats,  frequently  contract  the  disease  in 
plague-infected  localities  (e.g.  South  Africa). 

Outbreaks  have  been  recorded  among  small 
rodents  of  the  nature  of  marmots,  locally  known 
as  tarbagan  (Arctomys  bobac)  in  the  Transbaikal 
Province  of  Eastern  Siberia.  This  disease  ap- 
pears to  be  transmitted  from  the  marmot  to 
man,  and  upon  the  infection  of  one  member  of 
a  household  several  cases  in  the  family  frequently 
occur.  There  is  no  doubt  that  this  disease  is 
true  plague.  It  breaks  out  periodically  in  the 
marmots  about  the  autumn,  just  before  the 
hibernating  season,  the  symptoms  observed 
being  unsteadiness  in  gait,  languor,  and  glandu- 
lar swellings  ;  the  disease  is  very  fatal  (Clemow, 
Journal  of  Trop.  Med.,  Feb.  1900). 

Marsupials. — Wallabies  are  reported  to  have 
become  infected  in  Australia  during  1902. 

Caryiivora. — Cats  may  acquire  the  disease, 
instances  being  reported  from  Australia,  Mau- 
ritius, South  Africa,  and  lately  in  British  East 
Africa.  Suspicious  sickness  and  deaths  among 
these  animals  have  been  reported  on  ships  which 
have  had  human  plague  cases  on  board,  some- 
times before  the  manifestation  of  the  disease  in 
man. 

Invertebrata. — Bugs,  fleas,  and  flies  have  been 
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supposed  to  act  as  carriers  of  plague  infection, 
a  subject  which  is  dealt  with  later. 

The  Connection  between  Plague  in  Rat  and 
Man. — The  principal  ways  in  which  plague  is 
believed  to  be  spread  are  by  contact  directly 
with  persons  suffering  from  the  disease  or  with 
material  infected  by  such  persons  or  plague- 
stricken  rats. 

Those  epidemics  of  which  we  have  fullest 
particulars  naturally  divide  themselves  into 
two  classes,  those  in  which  rats  have  appeared 
to  be  the  important  carriers  of  infection,  and 
those  in  which  plague-infected  rats  have  been 
absent  or  an  unimportant  factor. 

Upon  this  classification  we  may  draw  up  the 
following  table,  a  few  outbreaks  of  both  types 
being  selected  from  the  many  plague  epidemics 
which  have  occurred  of  late  years  : — 


Outbreaks  in  which  Plague  Rats  have  been  important 
factors  in  spreading  Plague. 


Sydney,  1900. 
Cape  Town  \ 
Port  Elizabeth  V 1901-2. 
Mossel  Bay  j 

Report  of    ^  Chak  Kalal,  Punjab. 

Indian     I  Mahlgahla,  Punjab. 

Plague     |-  Kurachi,  2nd  epidemic. 

Com-       I  Poona,  later  epidemics. 

mission,  j  Belgaum,  2nd  epidemic. 
Alexandria  \  .  „  .  . 
Port  Said 


The  Plague  Commission  summarised  their 
views  on  the  connection  between  plague  in  rat 
and  man  : — - 

"  It  has  been  clearly  established  that  when 
the  infection  of  plague  has  been  imported  into 
a  town  or  village,  rats  have,  in  many  cases, 
contracted  the  infection  before  any  indigenous 
case  occurred  among  men.  Again,  it  has  been 
clearly  established  that,  where  rats  have  become 
infected,  they  have  been  instrumental  in  spread- 
ing plague  in  evacuated  villages,  and  in  carrying 
the  infection  outward  from  evacuated  quarters. 
Hardly  less  clear  is  it  that  rats  have  been  fre- 
quently at  work  in  disseminating  the  infection 
of  plague  in  inhabited  towns  and  villages,  and 
that  in  some  cases  they  have  been  responsible 
for  the  occurrence  of  an  explosive  outbreak  of 
plague  among  men.  It  is,  however,  important 
to  note  that  the  outbreak  of  plague  among  rats 
has  not  in  all  cases  been  followed  by  the  occur- 
rence of  plague  among  men,  and  that  explosive 
outbreaks  have  sometimes  been  due  to  causes 
other  than  the  spread  of  infection  by  rats." 

The  following  conclusions  are  therefore  ar- 
rived at  regarding  the  relative  importance  of 
rats  and  men  as  agents  in  disseminating  plague 
in  an  infected  place : — 

(a)  "  In  some  places  where  severe  epidemics 
have  occurred  among  men,  rats  have  not  been 
infected  at  all,  and  in  many  places  where  there 
have  been  plague  epidemics  among  men,  the 


disease  has  not  appeared  among  rats  in  epidemic 
form. 

(h)  "  Occasionally  where  there  has  been  con- 
siderable mortality  among  rats,  there  has  been 
an  absence  of  plague  among  men. 

(c)  "Even  when  there  has  been  the  largest 
amount  of  plague  among  rats,  the  risk  of 
persons  who  came  in  contact  with  these  infected 
rats  appears  not  to  have  approached  that  under- 
gone by  persons  inhabiting  houses  ^  in  which 
there  have  been  plague  patients,  or  persons 
coming  into  contact  with  pneumonic  plague. 
There  are,  however,  cases,  such  for  instance  as 
the  cases  of  Mahlgahla  and  Chak  Kalal  (already 
referred  to),  where  a  very  considerable  number 
of  plague  cases  in  a  village  has  been  directly 
attributable  to  the  dissemination  of  infection  con- 
sequent on  an  epidemic  of  plague  among  rats. 


Outbreaks  in  which  Plague  Rats  have  been 
unimportant  factors. 


Oporto,  1899-1900. 
Glasgow,  1900. 
Liverpool,  1901. 

Certain  villages  in  Punjab. 

Kurachi,  1st  epidemic. 
Poona,  1st  epidemic. 
Belgaum,  1st  epidemic. 


(d)  "  Since  the  number  of  plague  bacilli 
escaping  from  the  infected  human  organism 
must  be  presumed  to  be  greater  than  the 
number  which  escape  from  a  plague-infected  I'at, 
a  priori  it  would  seem  clear  that  a  single  infected 
man  must  constitute  a  greater  danger  than  a 
single  infected  rat ;  but,  on  the  other  hand, 
seeing  that  the  excreta  of  rats  may  be  deposited 
anywhere  throughout  a  house,  and  that  the 
number  of  rats  which  are  affected  may  many 
times  exceed  the  number  of  men  who  are  affected, 
a  severe  epidemic  among  rats  must,  we  think, 
tend  considerably  to  the  spread  of  infection. 

(e)  "  The  chief  importance  of  rats  in  the 
epidemiology  of  plague  seems  to  us  to  arise  in 
connection  with  the  first  outbreak  of  the  disease 
in  an  affected  place,  for  we  have  seen  that  in 
many  instances  rats  become  infected  before 
men,  and  they  scatter  plague  broadcast  over  an 
iminfected  place. 

(/)  "When  plague  is  once  established  in  a 
place,  we  have  no  doubt  that  human  agency  is 
a  more  important  factor  in  spreading  the  disease 
than  the  agency  of  rats."  This  last  conclusion, 
however,  cannot  be  applied  to  plague  in  South 
Africa,  where  infection  from  rat  to  man  appeared 
to  be  the  common  mode  of  infection. 

As  to  the  manner  in  which  the  plague  rat 

'  It  is  possible  that  in  many  of  these  houses  plague 
rats  were  present  about  the  house,  under  floors,  ceilings, 
etc.,  or  in  outhouses.— J.  »S'.  L. 
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communicates  infection  to  man,  nothing  very 
definite  can  be  stated. 

In  the  minority  of  cases  direct  contact  with 
a  recently  dead  rat  can  be  ascertained.  Usually 
only  the  presence  of  the  plague  rat  under  the 
floors  and  ceilings  of  the  house,  or  among  bales 
and  boxes  in  the  house  or  store,  can  be  proved. 
In  rat-infested  places  their  fseces  are  found  all 
over  the  building,  proving  their  wide  distribution 
throughout  the  house,  and  we  know  that  the 
bacillus  pestis  occurs  in  the  urine,  fseces,  pus 
from  buboes,  and  bronchial  secretion  of  plague 
rats.  Hence  the  infection  of  dust,  food,  clothing, 
and  anything  else  in  the  house  is  extremely 
probable ;  in  this  way  infection  may  reach  man. 

The  ratjlea  theory  of  infection  advanced  by 
Simond  is  an  attractive  one,  but  sufficient  proof 
of  its  truth  has  not  been  demonstrated.  He 
holds  that  fleas  from  the  infected  rat  become 
parasitic  on  man  and  inoculate  him  with  the 
disease.  In  support  of  this  he  points  out  the 
phlyctenules,  which  are  sometimes  found  on  the 
same  part  of  the  body  as  the  bubo,  and  which 
might  be  produced  by  a  flea-bite.  This  theory 
received  some  support  in  Sydney,  and  experi- 
ments made  there  to  some  extent  confirmed 
Simond's  views.  Simond's  experiments  have, 
however,  been  adversely  criticised  by  several 
writers. 

Nuttall  {.Journal  of  Trop.  Med.,  March  1902) 
says :  "  The  evidence  in  favour  of  the  flea- 
hypothesis  is  worthless  and  cannot  withstand 
scientific  criticism."  He  found  negative  results 
in  a  series  of  experiments,  but  thought  that 
flies  (Musca  domestica)  might  be  a  source  of 
danger  in  disseminating  plague. 

Galli-Valerio  found  that  the  two  varieties  of 
fleas  most  commonly  infesting  rats  and  mice, 
the  Typhlopsylla  muscuH  and  Pulex  fasciatus, 
would  not  bite  him,  and  readily  left  him  unless 
confined  on  his  body.  The  Pulex  erinacei, 
which  is  also  found  on  rats,  bit  man,  but  not 
readily.  The  common  flea  of  dogs  and  cats,  and 
sometimes  found  on  rats,  the  Pulex  serraticeps, 
readily  bit  man.  All  these  fleas  can  be  readily 
distinguished  from  the  Pulex  irritans  which 
infests  man.  Galli-Valerio,  therefore,  came  to 
the  conclusion  that  Pulex  serraticejjs  and  Pulex 
ei'inacei  might  sometimes  convey  plague  from 
rat  to  man,  and  that  Typhlopsylla  muscidi  could 
convey  plague  from  rat  to  rat.  The  rat  fleas 
which  attack  man  are,  however,  either  rare  on 
the  rat  or  do  not  readily  bite  man  {Journal  of 
Trop.  Med.,  1st  Feb.  1902,  and  Centralb.  f. 
Bakt.,  Band  xxvii.  and  xxviii.,  1900). 

I  have  myself  rarely  entered  a  plague-infected 
house  in  Cape  Town  or  Port  Elizabeth  without 
experiencing  several  flea-bites,  which,  however, 
proved  non-infective,  and  this  experience  was 
shared  by  the  numerous  disinfecting  gangs  em- 
ployed in  such  houses  under  my  direction. 
Cases  of  plague  among  the  disinfecting  staff  are 
uncommon,  considering  their  frequent  oppor- 


tunities of  becoming  infected,  but  this  may  be 
due  to  their  having  been,  in  most  cases,  inocu- 
lated with  Haffkine's  prophylactic. 

To  summarise  this  subject,  it  seems  probable, 
though  the  question  cannot  be  considered  to  be 
settled,  that  while  fleas  may  in  some  cases 
inoculate  the  disease  or  furnish  in  their  bite  an 
aperture  through  which  plague  infection  may 
be  introduced,  the  common  method  in  which 
the  rat  infects  man  is  by  contact  of  abraded 
skin  surfaces  of  man  with  material  infected  by 
plague  rats. 

(2)  Plague  Infection  from  Person  to  Perso7i. 
— It  is  a  recognised  fact  that  plague  in  a  well- 
ventilated  hospital  is  only  infectious  to  a  slight 
degree. 

The  only  cases  which  appear  to  be  at  all 
infectious  in  hospitals  are  the  pneumonic  and 
septicsemic  cases.  A  well-known  example  of 
this  was  seen  in  the  Vienna  group  of  cases  in 
1898,  in  which  a  nurse  and  a  medical  attendant 
both  contracted  plague  pneumonia  while  in 
attendance  upon  a  case  of  this  type  of  the 
disease.  It  is  to  be  noted  that  plague  pneu- 
monia tends  to  reproduce  itself,  as  is  well  seen 
in  the  Bachergunge  outbreak,  quoted  by  the 
Indian  Plague  Commission,  where  twenty  cases 
of  this  type,  extending  through  six  generations 
of  infection,  occurred. 

Bubonic  cases  are  not  as  a  rule  very  infectious, 
the  bacillus  being  for  the  most  part  localised  in 
the  affected  glands  and  their  immediate  sur- 
roundings, and  only  entering  the  blood-stream 
towards  the  approach  of  death,  i.e.  when  septi- 
caemia has  set  in.    Such  cases  might  then  become 
infectious  by  the  agency  of  fleas  (if  such  a  mode 
of  spread  be  accepted),  and  in  addition,  such 
cases  are  infectious  through  the  lungs,  fseces, 
urine,  and  haemorrhages  which  may  occur.  As 
regards  the  infectivity  of  the  urine,  in  Sydney, 
out  of  experiments  in  twenty-nine  cases,  ten 
showed  plague-like   bacilli  in  the  urine,  but 
these  could  not  be  isolated,  and  inoculation  of 
animals  furnished  negative  results.  Further, 
plague  bacilli  failed  to  grow  in  human  urine, 
whether  sterilised  by  heat  or  by  passing  through 
a  Pasteur-Chamberlain  filter,  and  whether  left 
acid  or  neutralised.    On  two  occasions,  how- 
ever, growths  on  agar  were  obtained  from  the 
urine  of  guinea-pigs  which  had  died  of  the 
disease.    The  bacilli  of  plague  have  been  stated 
to  have  been  recovered  from  the  fseces,  but 
most  observers  state  that  they  have  failed  to  do 
so.    It  is  possible  that  the  numerous  difficulties 
attending  the  separation  of  the  organism  may 
account  for  their  failure.    It  is  necessary,  there- 
fore, to  consider  both  the  urine  and  fseces  to  be 
infectious,  especially  in  septicsemic  plague  and 
possibly  in  other  types,  though  the  presence  of 
the  bacillus  in  these  excretions  has  not  been 
satisfactorily  determined.    The  plague  bacillus 
may  also  gain  exit  from  the  body  when  the 
bubo   is   opened,    though   here   again  many 
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observers  have  failed  to  recover  the  bacillus 
from  the  pus  of  a  discharging  bubo.  It  has 
been  done,  however,  and  for  an  unknown  length 
of  time  the  discharging  bubo  remains  a  source 
of  infection.  In  cases  with  parotid  and  sub- 
maxillary buboes,  the  bacillus  pestis  has  been 
found  in  the  saliva.  In  some  plague  epidemics 
pulmonary  complications  of  varying  degrees  of 
severity  occurred  in  a  large  number  of  cases,  as 
in  the  early  part  of  the  1899  Bombay  epidemic. 
Here,  even  where  the  lung  changes  were  slight, 
plague  bacilli  were  found  in  the  sputum. 

This  part  of  the  subject  may  be  summarised 
as  follows : — Bubonic  cases  are  at  first  little 
infectious,  but  upon  the  development  of  lung 
symptoms,  septicsemia,  or  the  opening  of  the 
bubo,  become  more  infectious ;  primary  plague 
pneumonia  and  septicaemia  are  infectious  from 
the  beginning,  though  this  infection  does  not  as 
a  rule  operate  in  well-ventilated  houses  or 
plague  hospitals,  in  spite  of  the  lack  of  personal 
disinfection  and  precautions  on  the  part  of  the 
attendants  on  the  sick.  Plague  in  insanitary, 
plague-rat  infected,  or  badly  ventilated  houses 
becomes  a  very  infectious  disease. 

(3)  Infected  Clothes. — Clothes  can  retain  their 
infective  property  for  a  long  period.  Many 
cases  are  on  record  where  evacuation  of  a  village 
or  houses  has  not  at  once  checked  the  occurrence 
of  plague  cases  among  the  inhabitants  until 
their  clothing  has  been  removed  and  disinfected. 
Another  fact  bearing  on  this  point  is  the  heavy 
incidence  of  plague  among  the  washerman  class, 
who  have  suffered  severely  in  India.  A  case  of 
this  nature  occurred  in  Glasgow,  where  the  wife 
of  a  man  employed  in  collecting  infected  clothes 
contracted  the  disease,  the  husband,  who  had 
received  a  prophylactic  dose  of  Yersin's  serum, 
escaping  infection.  There  are  cases  of  dis- 
charged employes  from  plague  hospitals  infecting 
their  families  at  home,  probably  due  to  the 
conveyance  of  infected  clothing  which  had  been 
hidden  to  escape  steam  disinfection. 

Bacteriological  examination  has  usually 
proved  negative  in  the  cases  of  clothes  and 
merchandise,  unless  grossly  contaminated. 
Infected  clothing  has  played  an  important  part 
in  some  cases  in  infecting  sailors,  who,  upon 
arrival  in  port,  have  opened  their  boxes,  or 
taken  from  the  bottom  of  their  boxes  clothing 
obtained  in  a  plague-infected  port.  Such  cases 
occurred  in  London  Docks  in  1896,  in  men  who 
had  shipped  from  Bombay  and  who  had  arrived 
in  London  in  a  healthy  condition.  In  some 
outbreaks,  dealers  in  second-hand  clothing,  or 
persons  engaged  in  rag-picking,  have  been  the 
first  attacked.  Rosenau  states  that  the  bacillus 
pestis  can  live  on  clothes  for  months,  when  dry 
in  albuminous  media  at  a  temperature  under 
20°  C. 

(4)  Infected  Soil.— The  Indian  Plague  Com- 
mission note  that  the  plague  bacillus  has  not 
been  recovered  from  the  soil  by  any  trustworthy 


observer  in  India.  There  are  many  difficulties 
in  the  way  of  such  a  research,  and  it  is  posssible 
that  these  may  yet  be  overcome.  It  is  probable 
that  the  plague  bacillus  is  frequently  present  on 
the  surface  of  mud  and  cow-dung  floors,  from 
gross  contamination  by  sputum,  excreta,  etc., 
and  thus  may  infect  the  barefooted  inhabitants 
of  the  house.  As  to  a  saprophytic  existence  of 
the  bacillus  in  the  soil  we  know  little  or 
nothing,  though  it  has  been  observed  that 
abundant  growths  occur  in  tubes  containing 
plague  cultures  buried  in  the  soil,  possibly  from 
the  ample  supply  of  CO^,  which  appears  to  aid 
the  growth  of  the  organism. 

(5)  Alleged  Infection  of  Grain. — When  grain 
is  artificially  infected  with  plague,  the  bacillus 
soon  dies  out,  and  observers  have  failed  to 
recover  the  organism  after  four  to  six  days. 
In  decomposing  grain  it  dies  out  sooner,  the 
acid  produced  being  fatal  to  the  life  of  the 
bacillus.  From  these  experiments  it  would 
seem  that  grain,  even  if  at  first  directly  in- 
fected, would  soon  lose  its  powers  of  infection. 
From  the  actually  infected  grain  must  be  dis- 
tinguished cargoes  or  accumulations  of  grain 
infested  by  plague  rats.  In  this  case  the 
epidemic  may  be  carried  on  among  rats,  and 
on  arrival  at  a  port  these  rodents  may  infect 
the  docks  from  communication  between  the 
ship  and  dock  rats.  The  danger,  therefore,  in 
grain  stores  and  grain  ships  does  not  appear  to 
lie  so  much  in  the  grain  as  in  the  rats  with 
which  they  are  associated.  In  other  words, 
grain  is  no  more  dangerous  as  a  source  of  in- 
fection than  any  other  cargo  or  store  likely  to 
attract  rats,  and  the  danger  lies  in  the  rats 
and  not  in  the  cargo. 

(6)  Water. — The  plague  bacillus,  according 
to  most  observers,  readily  dies  out  in  water, 
though  Rosenau  states  that  the  bacillus  can 
live  a  long  time  in  this  medium.  There  are 
no  grounds  for  supposing  that  plague  has  ever 
been  a  water-borne  disease. 

(7)  Plague-infected  Houses.  —  The  common 
occurrence  of  plague  -  infected  rats  in  these 
hovises  has  already  been  referred  to.  Regard- 
ing the  infectivity  of  the  house  in  which  plague 
has  occurred,  the  Indian  Plague  Commission 
observe :  "  The  universal  experience  of  plague 
in  India  proves  that  houses  into  which  the 
infection  of  plague  has  been  imported,  whether 
by  man  or  rats,  are  infective ;  this  infectivity 
being  so  marked  that  many  of  the  officers  who 
have  had  most  experience  of  the  disease  have 
come  to  the  conclusion  that  the  principal  source 
of  the  infection  is  ...  to  be  found  in  the  houses 
into  which  the  infection  of  plague  has  been 
introduced." 

The  bacillus  pestis  has  not  been  recovered 
from  the  mud  or  cow-dung  floors  in  India,  but 
this  may  be  explained  by  the  difficulties  of  the 
investigation,  and  not  by  the  absence  of  the 
bacillus.     Reference  has  already  been  made 
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to  the  infectivity  of  ill  -  ventilated  dwellings. 
In  reference  to  infected  premises,  Chalmers 
has  stated  :  "  Except  for  the  accidents  of  ex- 
posure to  gross  and  probably  prolonged  con- 
tagion, it  is  necessary  to  live  the  life  of  the 
inhabitant  in  order  to  incur  his  perils.  And 
peril  exists  wherever  the  surroundings  are  of 
a  character  so  grossly  insanitary  as  will  afford 
the  bacillus  a  suitable  soil  for  saprophytic 
growth." 

The  influence  of  insanitary  surroundings  is 
also  important  in  this  connection,  but  is  referred 
to  in  the  succeeding  section. 

(8)  Insanitary  Conditions. — These  must  be 
considered  as  being  intimately  connected  with 
plague  infection  for  several  reasons.  In  the 
first  place,  those  living  under  such  conditions 
have  a  weakened  resistance  towards  infectious 
disease  in  general,  and  under  certain  conditions 
may  become  directly  infected  by  living  in  an 
infected  atmosphere  vitiated  by  uncleanliness, 
insufhciency  of  ventilation,  and  overcrowding. 
This  view  has  been  held  by  Sir  T.  R.  Eraser, 
the  President  of  the  Indian  Plague  Commission, 
who  regards  overcrowding  as  chiefly  operating 
in  adding  to  the  air  pollution,  and  that  people 
living  under  such  influences  become  predisposed 
to  attack.  He  holds  that  the  virulence  of  the 
plague  organism  becomes  exalted  by  increase 
in  moisture  and  COg  in  the  atmosphere,  and 
elevation  in  temperature,  diminution  of  oxygen, 
and  deficiency  of  light.  The  majority  of  the 
Plague  Commission  were  unable  to  accept  the 
view  that  insanitation  had  any  special  influence 
on  plague  infection.  In  the  second  place, 
insanitary  conditions  are  almost  always  associ- 
ated with  the  prevalence  of  rats,  and  in  a 
rat-borne  epidemic  these  are  the  places  which 
are  naturally  the  first  to  become  plague  in- 
fected. 

It  is  necessary,  therefore,  to  regard  insani- 
tation always  as  a  predisposing  factor,  and 
sometimes  as  directly  connected  with  the  spread 
of  plague  infection. 

(9)  The  Influence  of  Season  and  Temperature. 
■ — -Season  appears  to  have  some  influence  on  the 
epidemicity  of  plague,  but  an  epidemic  of  this 
disease  may  occur  under  any  climatic  condition. 
The  first  Bombay  epidemic  (1896)  attained  its 
maximum  at  the  coolest  period  of  the  year,  in 
December ;  the  second  reached  its  highest 
point  as  the  weather  was  getting  warmer,  in 
Eebruary  ;  in  the  third  epidemic  it  was  deferred 
till  the  month  of  March.  It  is  noteworthy  that 
the  height  of  the  epidemic  has  been  reached 
in  Bombay  city  in  the  month  of  March  in  the 
years  1898,  1899,  1900,  and  1901.  In  all  the 
Bombay  city  epidemics,  the  maximum  has  been 
reached  in  the  early  months  of  the  year,  the 
disease  dying  down  in  the  hot  weather,  in  May 
to  July.  Outbreaks  in  Calcutta  and  Kurachi 
occurred  during  the  hottest  season  of  the  year, 
in  Poena  during  the    monsoon,  and    in  the 


Southern  Mahratta  country  at  the  close  of  the 
monsoon,  while  winter  was  coming  on.  The 
Cape  Town  epidemic  of  1901  occurred  towards 
the  latter  part  of  the  hotter  weather  and  during 
part  of  the  cold  weather,  when  it  subsided.  A 
study  of  the  scattered  endemic  centres  of  plague 
shows  that  the  disease  can  remain  endemic  in 
the  cold  winters  of  Siberia  as  well  as  in  the 
tropical  heat  of  Central  Africa. 

C.  The  Spread  of  Plague  from  Place 
TO  Place 

(a)  By  Land  ;  (6)  By  Sea. 

(a)  By  Land. — Plague  may  be  conveyed  to 
an  uninfected  locality  by  infected  persons, 
infected  rats,  infected  clothes,  and  possibly  by 
infected  goods. 

Infected  rats  probably  ti'avel  but  short  dis- 
tances on  foot,  and  spread  the  infection  to 
neighbouring  villages,  or  to  uninfected  parts  of 
an  infected  town.  They  also  travel  concealed 
in  bales  of  goods,  and  may  thus  proceed  by 
train  long  distances.  It  is  probable  that  though 
they  may  die  on  the  journey,  the  infected 
carcase  may  act  for  a  time  as  a  centre  of 
infection  to  rats  or  man  at  its  destination,  and 
by  handling  the  polluted  goods  an  outbreak  in 
man  may  be  set  up.  A  case  of  this  nature 
occurred  in  Port  Elizabeth,  where  a  European 
had  occasion  to  unpack  a  bale  of  goods  at  his 
warehouse  after  it  had  come  from  the  docks, 
where  many  plague  rats  had  been  found.  A 
rat,  afterwards  proved  to  have  died  from  plague, 
was  found  among  the  goods,  and  four  days  after 
the  man  was  attacked  by  plague.  The  only 
source  of  infection  at  all  probable  was  the 
handling  of  these  infected  goods.  Had  this  bale 
gone  up  country  it  is  possible  it  might  have 
furnished  the  first  indigenous  case  at  its  desti- 
nation. It  sometimes  happens  that  the  first 
cases  in  a  locality  appear  associated  with  the 
railway  goods  stores  in  an  uninfected  place,  as 
at  Bangalore,  where  the  early  cases  in  the  city 
were  all  associated  with  employes  and  their 
families  engaged  in  the  goods  stores  of  the 
Southern  Mahratta  Railway.  The  passenger 
staif  and  railway  passengers  were  not  attacked 
till  later.  During  the  time  railway  inspection 
was  strictly  carried  out  in  all  parts  of  India,  a 
large  number  of  plague  cases  were  detected,  in 
all  stages  of  the  disease,  from  those  in  the  stage 
of  invasion  to  the  moribund  and  even  the  dead. 
I  have  found  them  concealed  beneath  the  carriage 
seat.  The  importation  of  a  pneimionic  case  into 
the  confined  atmosphere  of  an  Indian  home  might 
readily  set  up  an  epidemic  in  an  uninfected  place. 
The  Indian  Plague  Commission  were  of  opinion 
that  plague  was  carried  through  India  froni 
place  to  place  by  human  agency.  According  to 
some  the  importation  of  a  single  case  may  set 
up  an  epidemic  among  rats  in  that  place,  and 
through  them  an  outbreak  among  man  is  started. 
There  is  evidence  that  this  does  occur  some- 
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times,  and  at  other  times  the  outbreak  among 
rat  and  man  appears  to  progress  side  by  side. 
It  is  noteworthy  that  on  many  occasions  plague 
has  not  been  inclined  to  spread  by  land ;  in 
South  Africa  the  disease  has  never  gained  a 
footing  outside  the  coast  towns  of  Cape  Town, 
Port  Elizabeth,  and  Mossel  Bay,  and  medical 
inspection  has  been  sufficient  to  prevent  sus- 
pected persons  travelling  inland  to  infect  other 
parts  of  the  country  ;  a  few  isolated  cases  have 
occurred  here  and  there,  but  their  prompt 
notification  and  isolation  has  prevented  the 
spread  of  the  disease.  The  small  localised  out- 
breaks which  have  occurred  in  England  and 
Scotland  have  also  been  readily  subdued.  In 
India,  however,  the  case  is  otherwise,  and  plague 
has  spread  by  land  over  most  of  the  Indian 
Empire. 

(6)  By  Sea. — The  present  pandemic  prevalence 
of  plague  is  almost  entirely  due  to  its  diffusion 
by  sea.  In  1894  Southern  China  and  Assyr 
(Arabia)  were  the  only  parts  of  the  world  at  all 
likely  to  infect  the  rest  of  the  globe.  Eeference 
to  the  geographical  distribution  of  plague, 
already  referred  to,  for  the  years  since  1894, 
shows  the  gradual  development  of  plague  in 
Eastern  ports,  Assyr  at  first  having  little 
influence.  The  infection  of  Bombay  in  1896, 
probably  from  Chinese  ports,  was  shortly  followed 
by  the  gradual  invasion  of  a  considerable  portion 
of  India,  and  in  1902  the  area  of  infection 
was  still  increasing  in  that  country.  In  1897 
Assyr  probably  infected  Jeddah  and  Mecca,  and 
from  Jeddah,  from  Bombay,  and  from  the  ports 
of  Southern  Cliina  very  many  of  the  countries 
of  the  world  have  now  become  infected,  though 
in  many  cases  the  importation  of  infection  has 
not  resulted  in  an  epidemic  at  the  port  into 
which  plague  has  been  introduced.  Among  the 
European  ports  into  which  plague  has  been 
introduced  fi-om  infected  extra-European  places 
may  be  instanced  Marseilles,  Genoa,  Trieste, 
Hamburg,  Cardiff",  London,  Plymouth,  Hull, 
Bremen,  Naples,  Oporto,  and  Dunkirk,  fortu- 
nately in  most  cases  without  setting  up  an 
epidemic. 

Plague  frequently  exhibits  a  tendency  to 
spread  in  a  country  from  port  to  port  (Australia 
and  South  Africa),  or  to  places  upon  navigable 
rivers  (Australia  and  South  America).  There 
are,  at  least,  three  possible  vehicles  of  spread  of 
plague  over  sea,  viz.  infected  man,  infected  rats, 
and  infected  goods  and  clothing. 

There  appears  to  be  little  or  no  evidence  that 
plague  has  invaded  a  country  by  the  aid  of 
infected  goods,  where  evidence  of  gross  contami- 
nation by  plague  rats  is  absent  (a  few  cases  of 
infection  by  clothing  have  been  already  noted). 
On  the  other  hand,  there  is  a  good  deal  of 
evidence  that  plague  rats  have  carried  infection 
from  country  to  country.  The  source  of  infec- 
tion of  Asuncion  (Paraguay)  is  ascribed  to  this 
agency.     Rice-bags  from  India,  it  is  alleged, 
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were  transhipped  into  a  sailing  ship,  the  Zeir, 
in  which  dead  rats  were  afterwards  found,  and 
on  board  which  cases  of  suspicious  illness 
occurred.  From  the  Zeir  the  rice-bags  were 
transhipped  into  a  steamer,  the  Centauro,  which 
called  at  various  Argentine  ports  on  her  voyage 
up  the  River  Plate,  and  on  board  which  three 
suspicious  deaths  occurred  among  the  crew,  and 
on  which  excessive  mortality  among  rats  was 
observed.  A  fortnight  after  the  arrival  of  this 
ship  in  Asuncion  a  large  rat  epidemic  was  noticed 
on  the  Customs  House  premises,  bacteriological 
examination  confirming  the  diagnosis  of  plague. 
An  outbreak  of  plague  in  man  followed. 

The  infection  of  the  South  African  ports  is 
ascribed,  as  has  been  said,  to  infected  rats  in 
South  American  forage  which  was  conveyed  in 
great  quantity  during  the  war ;  the  dock 
employes  were  the  first  to  contract  the  disease, 
under  conditions  already  described.  Plague  in 
Sydney  is  supposed  to  have  been  introduced 
from  some  infected  port,  the  dock  rats  becoming 
first  affected,  and  subsequently  the  town  and  its 
inhabitants.  Plague  rats  were  also  found  in 
the  docks  at  Adelaide,  Brisbane,  and  Melbourne. 
It  is  noteworthy  that  in  most  plague-infected 
ports  it  is  the  dock  employes  who  are  first 
attacked,  which  would  seem  to  absolve  ships' 
crews  and  passengers  from  being  the  usual 
carriers  of  infection,  though  sometimes  cases 
are  detected  among  sailors  at  the  routine 
medical  examination  of  the  vessel  on  arrival. 
The  infection  seems,  therefore,  to  be  conveyed 
by  the  ship  by  some  other  means  than  the  crew 
and  passengers,  and  that,  it  is  surmised,  is  by 
infected  rats  and  infected  goods.  We  have  noted 
that  most  of  the  evidence  at  our  disposal  points 
to  infected  rats  as  being  the  great  carriers  of 
infection  from  country  to  country.  This  view 
is  further  strengthened  by  the  very  frequent 
association  of  plague  rats  in  the  docks  of  plague- 
infected  ports  ;  in  addition  to  the  Australian  and 
South  African  ports  already  referred  to,  we  may 
instance  Alexandria,  Port  Said,  Santos,  Rio  de 
Janeiro,  San  Nicholas,  Asun9ion,  and  other 
South  American  towns. 

While  attaching  great  importance  to  the 
importation  of  the  infection  of  plague  by  means 
of  the  rat,  the  agency  of  man  as  a  carrier 
of  infection  must  not  be  overlooked.  Many 
instances  of  ships  having  human  plague  cases 
on  board  have  been  detected  at  their  port  of 
arrival.  To  consider  only  the  cases  which  have 
arrived  in  this  country: — In  1896  three  cases 
occurred  in  London  Docks  among  the  crews  of 
steamers  from  Bombay  some  days  after  arrival 
in  port.  In  1897  and  1898  two  cases  occurred 
in  each  year  during  the  homeward  voyage  from 
India.  In  1899  four  ships  were  reported  as 
infected.  In  1900  twenty-three  ships  arrived 
in  English  ports  with  suspicious  cases,  among 
whom  only  four  were  proved  bacteriologically 
to  be  plague.    In  1901  thirty-three  suspected 
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ships  arrived,  one  ship  from  Alexandria  furnish- 
ing nine  cases  of  plague  (including  two  infected 
while  upon  attendance  on  the  sick  in  port), 
another  having  had  cases  on  the  voyage  from 
South  America,  and  another  one  case  from  Cape 
Town,  and  two  others  had  had  cases  en  route 
from  India.  In  addition  a  vessel  from  Smyrna 
arrived  at  Bristol  with  plague -infected  rats. 
During  1902  only  eleven  ships  suspected  of 
being  infected  by  plague  arrived,  one  with  a 
case  on  board,  other  four  having  had  cases 
during  the  voyage.  Four  ships  had  had  a  rat 
mortality  on  board.  Only  one  of  these  rat 
epidemics  was  suspicious  of  plague,  but  the 
bacillus  did  not  react  to  all  the  tests  for  the 
specific  micro-organism  of  plague.  There  was, 
however,  a  certain  amount  of  similarity  between 
these  bacilli.  No  cases  of  plague  have  occurred 
in  Great  Britain  beyond  ship-borne  cases,  except 
the  Glasgow  cases  of  1900  and  1901,  Liverpool 
1901,  and  two  cases  (one  of  which  was  not 
bacteriologically  confirmed)  at  Cardifi^  in  the 
same  year,  both  employed  in  grain  stores  in  the 
docks,  where  there  was  a  rat  epidemic.  It  is  to 
be  noted  that  all  these  places  are  ports,  and  the 
employment  of  some  of  the  household  of  the 
first  cases  in  Glasgow  and  Liverpool,  as  has 
been  said,  has  been  traced  to  the  docks,  but 
no  source  of  original  infection  has  been  deter- 
mined. 

It  is  obvious  that  medical  inspection  of  ship- 
ping from  infected  ports  is  of  great  value  in 
keeping  plague  cases  out  of  the  country,  and  in 
this  we  have  been  very  successful ;  but  it  would 
appear,  in  the  light  of  the  experience  of  other 
countries,  that  the  infection  of  the  ports  of  this 
country  may  possibly  occur  by  means  of  plague 
rats  rather  than  by  human  agency,  and  a  very 
much  more  difficult  cause  to  prevent. 

5.  Symptomatology  and  Types 
Plague  may  be  divided  into  the  following 
clinical  types  : — (1)  Bubonic  plague;  (2)  Septi- 
csemic  plague;  (3)  Pneumonic  plague;  (4) 
Intestinal  plague;  (5)  Pe&tis  ambidans;  (6) 
Pestis  minor. 

It  must  be  recognised  that  these  types  are 
not  distinct,  and  that  a  patient  suffering  from 
bubonic  plague  may  be  also  suffering  from 
plague  septicsemia  and  pneumonia,  i.e.  cases  of 
a  mixed  type  are  not  uncommon.  The  essential 
characteristic  of  plague  is  inflammation  of  the 
lymph  glands,  usually  those  in  the  groin,  axilla, 
or  neck ;  it  is  to  these  cases  the  term  bubonic 
plague  is  applied.  In  the  septicfemic  type,  the 
internal  lymph  glands  throughout  the  body, 
such  as  the  mesenteric  and  retroperitoneal 
glands,  are  found  to  be  affected.  In  the  pneu- 
monic type  the  glands  at  the  root  of  the 
lung  are  frequently  implicated.  It  is  doubtful 
whether  there  is  a  distinct  intestinal  type  of 
plague.  Pestis  ambulans  is  a  mild  form  of  the 
bubonic  type.    Pestis  minor  is  a  mild  glandu- 


lar complaint  which  may  have  some  relation  to 
plague,  as  yet  ill-determined. 

(1)  Bubonic  Plague. — After  an  incubative 
period,  commonly  from  two  to  five  days,  the 
disease  sets  in  with  sudden  high  fever,  preceded 
sometimes  by  rigors,  sometimes  in  children  with 
convulsions,  and  sometimes  by  prodromal  symp- 
toms, as  headache,  chilliness,  nausea,  vomiting, 
vague  pains  in  the  back,  groins,  or  axilla.  The 
patient  rapidly  becomes  markedly  ill. 

Examination  of  the  case  in  its  early  stages 
shows  great  prostration,  high  fever,  swelling  or 
tenderness  in  the  groin,  axilla,  or  neck,  giddi- 
ness, loss  of  appetite,  nausea,  sometimes  vomit- 
ing and  diarrhoea,  pains  in  the  head,  back,  and 
limbs,  restlessness,  sleeplessness,  and  it  may  be 
delirium,  together  with  inco-ordination  of  speech 
and  gait.  Injection  of  the  conjunctiva  is  fre- 
quently well  marked ;  the  face  is  at  first 
flushed,  becoming  pale  later,  and  the  expression 
may  be  anxious  or  apathetic.  The  pulse  is 
rapid,  and  the  respirations  may  be  increased. 
The  tongue  is  usually  coated,  with  red  edges. 
The  signs  and  symptoms  of  plague,  as  they 
affect  the  various  systems  of  the  body,  are  as 
follows  : — 

Lymphatic  System. — In  this  system  we  find 
the  characteristic  plague  lesions,  buboes  being 
present  in  about  three-quarters  of  the  cases,  in 
some  epidemics  a  greater  proportion,  though  in 
others  few  of  the  cases  may  show  enlarged 
glands.  In  a  short  time,  varying  from  a  few 
hours  to  two  days,  the  characteristic  bubo 
makes  its  appearance.  There  is  first  a  mere 
tenderness  in  the  groin,  axilla,  or  neck — it  may 
be  only  upon  pressure.  Then  a  slight  fulness 
and  redness  appears,  with  increasing  tenderness. 
It  is  not  uncommon  to  find  one  or  more  enlarged 
glands  quite  distinct  from  one  another.  Later, 
with  periglandular  effusion,  they  become  agglu- 
tinated together.  The  term  bubo  does  not 
mean  an  inflamed  gland,  but  one  or  more  glands 
matted  together,  along  with  the  periglandular 
infiltration. 

These  changes  may  succeed  one  another  with 
great  rapidity,  a  surprising  diflference  being 
manifested  in  but  a  few  hours.  The  swelling 
may  reach  the  size  of  an  orange,  or  a  man's  fist, 
or  even  larger.  Pain  on  palpation,  as  a  rule, 
is  exquisite ;  the  neighbourhood  of  the  glands 
implicated  reveals  a  considerable  amount  of 
oedema,  so  that  the  gland  itself  can  be  made 
out  sometimes  only  on  deep  pressure.  The 
patient  often  lies  with  a  flexed  limb  to  relieve 
pressure  on  the  bubo,  his  attitude  giving  some- 
times a  hint  as  to  the  site  of  the  glands  affected. 
Deep  palpation  in  the  iliac  region  will  often 
reveal  the  presence  of  inflamed  glands,  which 
are  especially  associated  with  inguinal  and 
femoral  cases ;  occasionally  these  iliac  glands 
may  be  the  only  ones  implicated,  and  may  give 
rise  to  some  difficulty  in  diagnosis,  as  sometimes 
they  cause  little  pain  till  they  are  palpated. 
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The  epitrochlear  and  popliteal  glands  are 
occasionally  affected,  but  nearly  always  in 
association  with  buboes  elsewhere.  As  has 
already  been  stated,  the  groin  is  the  commonest 
site  for  the  bubo,  then  come  in  order  of  fre- 
quency the  axilla,  neck  (cervical,  parotid,  and 
submaxillary  glands),  epitrochlear  and  popliteal 
glands.  This  probably  depends  on  the  mode 
of  entry  of  the  disease  into  the  body,  i.e.  through 
abraded  skin  surfaces,  for  there  is  a  relation 
between  the  extent  of  the  area  of  skin  surface 
draining  into  the  various  sets  of  glands  and  the 
frequency  with  which  these  glands  are  affected, 
as  has  already  been  described.  Frequently  more 
than  one  region  of  the  body  shows  buboes,  and 
in  each  region  affected  there  is  usually  more 
than  one  gland  implicated. 

In  this  disease  some  part  or  other  of  the 
lymphatic  system  is  always  affected,  though 
often  this  cannot  be  discovered  until  a  post- 
mortem examination  has  been  made.  In  the 
bubonic  type  the  bubo  is  always  evident,  though 
in  the  rarer  cases  of  pelvic  buboes  the  affected 
glands  may  be  overlooked  unless  due  care  be 
taken. 

The  oedema  which  is  always  present  in  the 
periglandular  tissues  may  extend  over  a  wide 
area,  causing  considerable  swelling  over  the 
thighs  and  lower  part  of  the  abdomen  or  over 
the  sternum  and  shoulder  blades.  The  trachea 
and  larynx  may  be  pressed  upon,  causing 
dyspnoea.  Haemorrhages  may  discolour  the 
skin  over  a  considerable  area. 

As  the  degree  of  coma  of  the  patient  increases, 
the  pain  produced  on  palpation  may  not  be  so 
apparent,  though,  even  where  considerable  coma 
is  present,  palpation  of  the  bubo  will  produce 
evident  pain  and  expostulation,  or  it  may  be 
merely  a  groan. 

If  the  patient  lives,  the  buboes  resolve  or 
suppurate,  and  this  is  frequently  very  pro- 
longed. Suppuration  usually  occurs  in  the 
second  week  of  the  disease ;  sometimes  it  may 
be  delayed  for  a  considerable  time.  The  whole 
gland  or  glands  and  surrounding  tissues  may 
slough  en  masse,  leaving  a  large  deep  ulcer, 
which  finally  granulates  up.  Often  a  very 
obstinate  sinus  persists  for  a  long  time.  Cases 
sometimes  occur  where  gland  after  gland  in 
different  parts  of  the  body  becomes  involved 
and  breaks  down,  the  process  going  on  for 
several  months,  and  occasionally  cases  occur 
where  glands  break  down  after  discharge  from 
hospital ;  these  are  rare,  but  one  or  two  such 
cases  occurred  in  Cape  Town  during  the  recent 
epidemic. 

The  temperature  has  sometimes  by  the  second 
day  attained  its  maximum ;  at  other  times  it 
rises  gradually  till  the  third  or  fourth  day, 
when  it  frequently  falls  a  little,  and  in  mild 
cases  it  begins  to  descend  to  the  normal. 
Generally,  however,  the  temperature  rises  again 
till  the  fifth  or  seventh  day,  when  it  descends 


by  lysis  to  normal.  This  may  be  followed  by 
an  intermittent  fever  caused  by  septic  absorp- 
tion. A  fresh  elevation  in  temperature  may 
occur  from  fresh  glands  becoming  involved,  or 
from  secondary  pneumonia.  Frequently  before 
death  the  temperature  may  attain  a  great 
height,  such  as  108°  F.  or  even  higher,  and 
continue  rising  after  death  to  over  110°  F. 
when  taken  in  the  rectum.  Sometimes  the 
temperature  just  before  death  is  subnormal. 

Respiratory  System. — The  respirations  are 
increased,  being  usually  thirty  to  forty  per 
minute.  Besides  plague  pneumonia,  which 
may  be  primary  or  secondary,  and  which  is 
described  later,  bronchitic  symptoms  and  oedema 
of  the  lung  may  supervene.  Lung  complica- 
tions in  the  bubonic  type  vary  in  frequency 
in  the  different  epidemics. 

Circulatory  System. — In  the  early  stages  of 
the  disease  the  pulse  is  full  and  dicrotic.  Even 
in  very  mild  cases  the  rapidity  of  the  pulse  is 
increased  and  may  afford  considerable  diagnostic 
assistance  in  abnormal  cases.  It  may  also  give 
information  that  the  patient's  condition  is  more 
serious  than  would  otherwise  be  imagined. 
Patients  very  ill,  and  sometimes  within  a  few 
hours  of  death,  may  be  able  to  walk  about ; 
examination  of  the  pulse  at  once  reveals  their 
critical  condition. 

The  heart  may  become  dilated,  the  apex  beat 
may  be  diffused,  and  murmurs  may  be  audible 
at  the  apex  and  in  the  pulmonary  area.  There 
is  great  tendency  to  heart  failure  in  this  disease, 
and  it  may  come  on  very  suddenly  without  any 
warning.  There  is  generally  leucocytosis  and 
sometimes  diminution  in  the  number  of  red 
blood  corpuscles. 

Alimentary  System. — The  tongue  is  usually 
coated  at  first  and  has  an  appearance  resem- 
bling chalk  or  mother-of-pearl ;  the  edges  are 
clean  and  red.  Later  the  tongue  becomes  dry 
and  cracked  and  of  a  brown  colour.  It  is  not 
uncommon  for  patients  to  die  with  quite  a 
moist  tongue.  The  teeth,  lips,  and  nostrils 
become  crusted,  and  the  lips  dry  and  shrivelled. 
Nausea  and  vomiting  are  common  at  the  onset 
and  for  the  first  day  or  two  of  the  disease. 
Constipation  is  common  at  the  beginning, 
followed  by  diarrhoea,  the  stools  sometimes  con- 
taining blood.  There  may  be  abdominal  tender- 
ness and  distension.  Thirst  is  usually  a  marked 
symptom. 

The  liver  and  spleen  are  enlarged  and  are 
usually  tender,  particularly  the  spleen. 

The  Urinary  System. — The  secretion  of  urine 
is  diminished  and  may  be  suppressed,  associated 
with  lumbar  pains.  Retention  of  urine  is  not 
imcommon,  and  the  catheter  may  have  to  be 
employed.  The  urine  is  of  a  dark  coloui-, 
strongly  acid,  high  specific  gravity,  and  contains 
urates  and  sometimes  true  and  nucleo-albumin. 
Microscopically,  granular,  hyaline,  and  rarely 
fatty  tube  casts  may  be  found,  together  with 
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blood  corpuscles.  The  Austrian  Plague  Com- 
mission found  that  the  chlorides  were  in  almost 
all  cases  markedly  diminished. 

The  Nervous  System. — This  system  is  especi- 
ally implicated  in  plague.  Every  degree  of 
mental  disturbance  may  be  met  with ;  apathy, 
anxiety,  delirium  of  varying  degrees,  or  acute 
mania  may  be  present,  and  suicidal  and  homi- 
cidal impulses  may  supervene.  The  mind  is 
nearly  always  more  or  less  affected ;  sometimes 
it  is  merely  clouded,  or  memory  is  defective  and 
the  attention  frequently  wanders ;  sleeplessness 
is  a  troublesome  symptom.  Inco-ordination  of 
speech  is  usually  well  marked,  the  patient  often 
knowing  what  he  wants  to  say,  but  has  diffi- 
culty in  articulating  it.  Inco-ordination  of  the 
muscles  is  often  well  marked ;  twitching,  pick- 
ing at  the  bed-clothes,  tonic  and  clonic  spasms 
may  be  present.  The  speech  is  usually  thick 
and  the  gait  staggering,  and  these,  together 
with  the  conjunctival  injection,  may  present  a 
picture  suggestive  of  alcoholic  excess. 

At  times,  even  in  cases  where  death  is 
imminent,  the  mind  is  but  little  affected  and 
the  patient  painfully  realises  his  critical  condi- 
tion. Restlessness  and  purposeless  movements 
are  of  frequent  occurrence  among  those  attacked 
by  plague,  leading  them  to  make  train  journeys 
and  expeditions  seemingly  without  an  object ; 
a  part  of  this,  however,  is  explicable,  especially 
in  native  races,  by  the  fear  of  being  discovered 
as  a  plague  patient,  or  to  the  promptings  of 
friends.  Nervous  sequelae  may  follow  plague, 
such  as  motor  paralysis  and  insanity. 

Cula7ieous  System. — The  skin  during  the 
high  fever  is  hot  and  dry,  followed  by  perspira- 
tion on  the  fall  in  temperature.  Primary  and 
secondary  plague  boils,  pustules,  and  carbuncles 
may  occur.  The  primary  lesions  occur  at  the 
point  of  inoculation  of  the  disease,  beginning  as 
a  small  papule  and  going  on  to  pustulation. 
The  bacillus  pestis  may  sometimes  be  recovered 
from  the  pustule  in  nearly  pure  culture.  There 
is  usually  considerable  surrounding  redness,  and 
it  may  be  lymphangitis  between  the  pustule 
and  the  nearest  lymph  gland  ;  vesicles,  pustules, 
and  furuncles  may  develop  along  this  track. 
Occasionally  a  type  of  plague  has  been  de- 
scribed, limited  to  the  skin,  under  the  name 
"Skin  Plague  or  Pustular  Plague."  The  general 
symptoms  resemble  bubonic  plague,  but  are 
milder,  and  the  termination,  apart  from  the 
local  skin  destruction,  is  more  frequently  favour- 
able ;  the  carbuncles  usually  take  an  abortive 
course  and  dry  up,  unless  other  local  or  general 
symptoms  appear  (Scheube). 

Secondary  plague  pustules,  boils,  and  car- 
buncles are  sometimes  met  with,  usually  during 
the  first  week  of  the  disease.  Accompanied 
by  a  feeling  of  heat,  stinging  or  itching  pains, 
there  appears  a  small  brown  spot  over  or  ronnd 
a  bubo,  surrounded  by  redness  and  induration. 
A  small  vesicle  develops  with  a  dark  red  margin. 


which  becomes  larger,  and  may  reach  the  size 
of  a  Brazil  nut.  The  base  of  the  vesicle  becomes 
a  black  slough,  which  in  time  becomes  a  black 
ulcer  of  cratei--like  formation.  In  process  of 
time  the  ulcer  heals  by  granulation  (Scheube). 
Similar  sloughs  may  be  produced  by  native 
applications  to  the  bubo,  as  occurs  in  India. 
Sometimes  more  extensive  carbuncle  formation 
occurs  with  necrosis  and  loss  of  tissue,  so  that 
a  large  extent  of  muscle  may  be  laid  bare,  and 
sometimes  htemorrhages  may  supervene. 

Petechise  may  be  present,  commonly  on  the 
neck,  chest,  and  extremities.  They  may  occur 
as  small  purpuric  spots  or  partly  punctiform 
and  partly  wheal-like,  or  large  red,  black,  or 
livid  haemorrhages.  The  incidence  of  such 
cutaneous  affections  appears  to  vary  very  much 
in  different  epidemics.  Papular  rashes  are 
sometimes  met  with,  distributed  all  over  the 
body.  Sometimes  these  are  said  to  go  on  to 
pustulation.  Rashes  have  from  time  to  time 
been  described,  which  have  a  typhus-like,  mor- 
billiform, erythematous,  urticarial,  or  sudamin- 
ous  character,  but  they  are  rare.  Typhus-like 
rashes  have  been  described  by  Hossack,  in 
Calcutta  {Journal  Trop.  Med.,  1st  January 
1901),  though  in  his  cases  drugs  may  have  had 
something  to  do  with  the  causation  of  the  rash. 

Hcemorrhages. — Bleeding  may  occur  from  the 
nose,  mouth,  lungs,  stomach,  rectum,  kidneys, 
and  female  genital  organs,  usually  at  the  height 
of  the  disease.  Abortion  and  premature  labour 
frequently  occur,  and  result  almost  invariably  in 
death ;  cases  of  recovery  are,  however,  upon 
record. 

Eye  affections  may  occur  early,  even  on  the 
first  or  second  day  of  the  disease,  such  as 
parenchymatous  keratitis  of  one  or  both  eyes, 
leading  to  iridocyclitis  usually,  and  sometimes 
to  complete  suppuration  of  the  eyes. 

Termination. — Death  may  occur  at  any  stage 
of  the  disease,  but  most  frequently  on  the  third 
to  fifth  day,  so  that  after  a  week  the  prognosis 
becomes  more  favourable.  There  are  well- 
marked  fulminant  cases  (pestis  fulminans  or 
siderans)  where  the  patient  has  been  able  to 
attend  to  his  work  most  of  the  day  apparently 
in  good  health,  and  on  going  home  has  been 
attacked  and  died  of  plague  the  same  evening. 
Although  it  is  true  that  Europeans,  as  a  rule, 
do  not  suffer  so  severely  from  plague,  I  have 
seen  some  cases  of  this  fulminant  type  among 
them ;  in  some  instances  the  disease  ran  its 
course  in  six  or  eight  hours.  In  view  of  such 
cases,  sudden  deaths  during  a  plague  epidemic 
should  be  regarded  with  suspicion  until  the 
diagnosis  can  be  satisfactorily  cleared  up. 

In  plague  the  cause  of  death  is  usually  heart 
failure,  which  may  be  very  sudden  and  un- 
expected, or  ushered  in  with  a  small,  frequent, 
weak,  and  irregular  pulse,  coldness  of  the 
peripheral  parts  of  the  body,  high  temperature, 
and  sometimes  cyanosis  or  lividity  of  the  face. 
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Other  causes  of  death  may  be  asphyxia  from 
extensive  inflammation  and  infiltration  in  the 
neighbourhood  of  the  throat,  or  hcemorrhages 
from  the  lungs,  or  from  ulceration  into  large 
blood-vessels  elsewhere.  Death  may  occur  from 
meningitis,  pyaemia,  septicaemia,  pneumonia,  or 
marasmus.  Patients  have  been  known  to  be- 
come maniacal,  and  to  have  died  violent  deaths 
by  jumping  through  windows,  or  on  board  ship 
through  portholes  into  the  sea,  and  in  other 
like  ways.  In  favourable  cases  the  disease 
passes  on  slowly  to  convalescence,  through  re- 
mission of  the  severer  symptoms,  between  the 
first  and  second  weeks.  Progress  may  be  slow, 
and  the  incised  bubo  may  sometimes  take  a  long 
time  to  heal.  Some  considerable  time  may 
elapse  before  the  patient  regains  his  normal 
health.  Cases  suffering  slightly  from  pulmonary 
tuberculosis  may  rapidly  die  from  an  acute 
form  of  the  disease.  Bubonic  cases  which  have 
not  suppurated  will,  in  general,  require  to 
remain  in  hospital  from  five  to  eight  weeks. 
In  those  in  which  suppuration  has  occurred  the 
incised  bubo,  in  a  number  of  cases,  heals  fairly 
readily,  and  complete  convalescence  may  not  be 
unduly  protracted.  In  some  cases  three  or 
four  months  may  occasionally  be  necessary 
before  a  firm  cicatrix  is  established  or  before 
glands  in  different  parts  of  the  body  cease  to 
break  down.  It  is  necessary  to  consider  a  gland 
infectious  as  long  as  it  is  discharging,  though 
probably  after  some  weeks  it  no  longer  contains 
the  specific  organisms. 

(2)  Septicemic  Plague. — This  form  of  plague 
consists  of  rapidly  fatal  septicaemia,  terminating 
in  a  few  hours  or  a  day  or  two  in  primary  cases. 
Secondary  septicaemia  or  pyaemia  may  supervene 
in  bubonic  cases,  and  are  common  causes  of 
death.  For  statistical  purposes,  however,  these 
secondary  cases  are  not  regarded  as  cases  of 
septicaemic  plague,  but  are  classified  as  bubonic. 
In  this  connection  it  may  be  noted  that  although 
it  is  convenient  for  purposes  of  description  and 
classification  to  divide  plague  into  several  types, 
in  practice  it  is  common  to  meet  with  mixed 
forms  of  the  disease. 

The  term  septicaemic  plague  may  therefore 
be  confined  to  a  primary  septicaemia,  without  ex- 
ternal buboes.  The  onset  is  frequently  sudden, 
prostration  is  extreme,  the  patient  may  lie  in  a 
collapsed  or  comatose  condition,  he  may  be 
delirious,  and  sometimes  breathes  with  a  groan- 
ing respiration,  or  only  a  groan  may  be  elicited 
on  interrogation.  On  examination  a  weak, 
irregular  pulse,  and  sometimes  an  enlarged 
spleen  and  haemorrhages  from  the  mouth, 
rectum,  or  female  genital  organs  may  be  dis- 
covered ;  and  in  females  it  may  be  found  that 
the  patient  has  aborted  or  been  prematurely 
delivered,  the  so-called  "  puerperal  "  form  of 
plague.  The  temperature  is  usually  hyper- 
pyrexic,  or  it  may  be  apyrexic.  Without  a 
bacteriological  examination  diagnosis  is  uncer- 


tain, but  in  blood  taken  from  the  peripheral 
circulation  the  specific  bacillus  can  often  be 
discovered  in  films  or  upon  culture. 

Pestis  fulminans  and  siderans  belong  to  this 
type  of  the  disease.  The  termination  is  fatal 
in  practically  all  cases. 

(3)  Pneumonic  Plague. — Plague  pneumonia 
may  be  primary  or  it  may  be  secondary  to  an 
attack  of  a  bubonic  type. 

Childe  first  noted  this  primary  plague  pneu- 
monia in  Bombay,  though  plague  epidemics 
with  lung  symptoms  are  mentioned  in  some 
of  the  early  writings  upon  this  disease.  Com- 
mencing with  rigors,  high  temperature,  head- 
ache, pains  in  the  limbs,  and  giddiness,  pneu- 
monia develops  with  pains  in  the  chest,  dyspnoea, 
cough,  expectoration,  and  accelerated  breathing. 

The  physical  signs  are  often  obscure  and 
evanescent.  There  may  be  dulness  over  one  or 
more  lobes,  or  it  may  not  be  definitely  made 
out.  Moist  sounds  are  usually  heard,  and 
occasionally  bronchitic  rales.  The  fever  is 
high,  intermittent,  and  often  irregular,  the 
pulse  frequent  and  weak.  Delirium  is  a  marked 
feature  of  plague  pneumonia,  passing  on  to 
coma  as  death  approaches.  As  points  in  the 
differential  diagnosis  of  this  form  of  the  disease, 
the  prostration  is  very  marked  and  out  of  pro- 
portion to  the  physical  signs.  The  pulse  and 
respirations  are  rapid,  but  there  is  not  the  same 
disproportion  in  their  ratio  as  is  observed  in 
ordinary  pneumonia.  There  may  be  tenderness 
in  the  groins,  axilla,  or  neck,  and  frequently 
enlargement  of  the  spleen.  It  is  stated  that 
herpes  labialis  is  rarely  or  never  present. 

In  the  early  stages  the  sputum  may  be  thick 
and  tenacious,  and  slightly  tinged  with  blood  ; 
it  later  becomes  a  watery,  blood-stained  secre- 
tion, sometimes  consisting  of  almost  pure  blood  ; 
it  wells  up  in  enormous  quantities  and  is  gener- 
ally laden  with  plague  bacilli,  sometimes  in 
nearly  pure  culture.  The  rusty  sputum  of 
ordinary  pneumonia  is  seldom  met  with  in  this 
form  of  the  disease.  The  Russian  Plague  Com- 
mission state  that  cough  and  expectoration  may 
be  entirely  absent. 

The  disease  has  in  the  great  majority  of  cases 
a  fatal  termination  in  three  or  four  days  from 
oedema  of  the  lung.  Sometimes  the  disease 
takes  the  form  of  what  seems  to  be  a  simple 
bronchitis,  suddenly  terminating  in  death.  In 
certain  epidemics,  cases  of  plague  pneumonia 
are  not  reported  to  have  occurred.  In  the 
1894  outbreak  in  Hong-Kong,  this  type  was 
either  not  present  or,  what  is  more  likely,  was 
not  recognised,  Childe  at  that  time  not  having 
described  this  form  of  the  disease.  Sometimes 
an  outbreak  consists  almost  entirely  of  pneu- 
monic cases. 

(4)  Intestinal  Plague.  —  It  is  doubtful 
whether  this  should  be  considered  to  be  a 
distinct  type  of  plague,  but  it  was  described 
by  Wilm  in  Hong-Kong,  1896.    In  it  no  buboes 
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occurred,  but  all  the  symptoms  were  referable 
to  the  intestinal  tract,  with  vomiting,  diarrhoea, 
and  passage  of  bloody  slime  per  rectum.  It 
has  not  been  observed  in  Bombay.  Personally 
I  have  only  observed  intestinal  symptoms  in 
those  cases  which  have  also  been  suffering  from 
one  of  the  other  well-marked  types  of  plague. 

(5)  Pestis  Ambulans. — This  term  shovild  be 
reserved  for  those  cases  of  true  plague  in  which 
the  symptoms  and  constitutional  disturbances 
are  mild.  There  may  be  pain  in  several  groups 
of  glands  and  slight  fulness  or  swellings  in  the 
groin,  axilla,  or  neck,  which  swellings  ultimately 
resolve  or  suppurate.  There  is  some  prostra- 
tion, a  varying  amount  of  fever,  some  conjunc- 
tival injection,  and  may  be  some  inco-ordination 
of  speech ;  the  tongue  has  a  creamy  coat  with 
clean  edges.  The  characteristics  of  this  form 
of  the  disease  are  therefore  those  of  a  mild 
bubonic  type  of  plague,  not  readily  recognised 
unless  looked  for  with  care,  and  apt  to  be 
mistaken  for  mumps,  syphilis,  tubercular 
glands,  or  the  results  of  strains  and  injuries. 
It  is  stated  that  such  ambulatory  cases  occa- 
sionally terminate  suddenly  and  unexpectedly 
in  death,  though  I  have  not  met  witli  such 
instances. 

In  chronic  cases  of  this  type  suppuration 
may  be  prolonged.  These  ambulant  cases  are 
regarded  by  many  authorities  as  being  a  great 
source  of  danger  to  the  community  by  going 
about  with  impunity  spreading  the  disease. 
There  is  not  much  evidence  in  favour  of  this 
view. 

(6)  Pestis  Minor.  —  This  term  has  been 
applied  to  a  mild  epidemic  disease  characterised 
by  some  fever  and  the  formation  of  buboes, 
usually  in  the  groin,  which  after  a  time  resolve 
or  suppurate.  In  some  cases  epidemics  of  this 
kind  have  preceded  by  a  few  months  or  years 
epidemics  of  true  plague,  such  as  happened 
in  Mesopotamia  (1876-77),  Astrakhan  (1877), 
Singapore  and  Straits  Settlements,  and  the 
south  coast  of  China  (1893).  Pestis  minor  was 
also  reported  to  be  present  in  Calcutta  in  1896. 
Epidemics  of  this  disease  have  been  observed 
without  true  plague  following  them,  and  true 
plague  epidemics  are  usually,  as  far  as  is  known, 
not  preceded  by  outbreaks  of  pestis  minor.  It 
is  at  present  uncertain  whether  such  epidemics 
are  due  to  the  bacillus  pestis,  a  question  which 
can  only  be  cleared  up  by  bacteriological  in- 
vestigation. There  is  no  doubt  that  there  are 
epidemics  or  groups  of  cases  of  non-venereal 
glandular  disease,  but  they  may  be  due  to 
several  causes,  some  perhaps  being  due  to  the 
plague  bacillus.  In  these  glandular  fevers,  or 
so-called  "  climatic  buboes,"  the  glands  and 
skin  over  them  often  break  down.  The  term 
pestis  minor  has  been  misapplied  to  pestis  am- 
bulans, but  it  is  better  to  keep  them  distinct. 

SequelcB. — In  addition  to  long-continued  weak- 
ness which  may  follow  an  attack  of  plague, 


rendering  mental  and  physical  exertion  an 
impossibility  for  some  time,  the  following 
sequelfe  may  be  mentioned  : — Long-continued 
suppuration  of  glands,  boils,  and  carbiincles, 
joint  inflammations,  especially  the  knee  joints, 
paralysis  of  various  kinds  (face,  muscles  of  the 
eye,  palate,  larynx,  etc.,  hemiplegia),  ataxia, 
mental  disturbances,  loss  of  speech,  deafness 
in  one  or  both  ears,  or  the  sight  may  be  affected 
by  intraocular  changes ;  i.e.  the  commonest 
sequelse  are  nervous  or  suppurative. 

Incubative  Period. — The  number  of  cases  in 
which  the  incubative  period  can  be  definitely 
settled  is  small,  but  such  as  they  are  seem 
sufficiently  conclusive.  The  Indian  Plague 
Commission  found  in  13  cases  of  accidental 
inoculation,  in  the  course  of  post  -  mortem 
work,  the  incubative  period  was  from  one  to 
three  days,  and  in  16  cases  in  which  the  occa- 
sion of  coming  into  contact  with  an  infected 
person  was  known  the  period  was  from  eight 
hours  to  five  days ;  the  average  period  in  both 
series  was  under  three  days.  This  coincides 
with  the  experience  of  those  who  have  been 
mucli  engaged  on  plague  work,  the  incubative 
period  rarely  exceeding  five  days.  Perhaps 
cases  of  prolonged  incubation  do  occur,  but  it 
is  often  difficult  to  entirely  eliminate  other 
sources  of  infection  in  such  cases.  For  practical 
purposes  seven  days  can  be  regarded  as  the 
outside  limit  in  nearly  all  cases,  and  two  to 
four  days  as  the  incubative  period  in  the  great 
majority  of  instances.  Preventive  measures 
framed  on  a  fourteen  or  even  twelve  days' 
observation  of  "  contacts "  appear  to  impose 
needless  restrictions. 

Mortality. — In  many  outbreaks  it  is  impos- 
sible to  arrive  at  a  true  mortality  of  the 
epidemic  on  account  of  the  concealment  of 
cases  generally  practised  among  native  races. 
In  some  parts  of  India  the  plague  mortality 
has  been  described  as  the  difference  between 
tlie  actual  mortality  and  the  average  mortality 
of  non  -  epidemic  years,  a  method  which  no 
doubt,  after  making  certain  deductions,  gives 
a  truer  idea  of  the  plague  mortality  than  the 
bare  record  of  the  reported  deaths  from  this 
disease.  Similarly,  among  native  races  it  is 
difficult  to  get  an  idea  of  the  true  case  mor- 
tality of  a  plague  epidemic,  as  no  doubt  many 
mild  cases  escape  recognition  and  many  plague 
deaths  are  ascribed  to  other  causes.  For  this 
reason  the  appalling  case  mortality  in  Hong- 
Kong  may  not  represent  the  true  facts  of  the 
case,  as  a  very  large  number  of  the  cases  were 
dead  when  discovered.  From  1898  to  the  middle 
of  1901  the  percentages  of  dead  bodies  found 
among  the  total  number  of  cases  reported  were 
respectively  36,  40,  37*1,  and  21-7  per  cent. 
During  the  first  three  years  of  plague  in  India, 
from  1896  to  1899,  the  Indian  Plague  Com- 
mission estimate  the  mortality  at  430,500.  In 
some  villages  in  Dharvvar  the  number  of  plague 
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deaths  ranged  from  22  to  25  per  cent  of  the 
entire  population,  a  severity  paralleled  by  that 
of  the  Black  Death  of  the  fourteenth  century. 
There  is  no  doubt  that  certain  races  suffer  more 
severely  during  an  epidemic  of  this  disease, 
both  as  regards  susceptibility  to  attack  and 
case  mortality,  partly  due  to  their  insanitary 
surroundings  and  consequent  weakened  resisting 
powers,  also  to  their  labouring  in  infected 
localities,  native  habits  of  life,  and  lack  of 
early  hospital  treatment. 

In  modern  plague  epidemics  of  any  magni- 
tude, the  hospital-treated  European  cases  always 
show  a  more  favourable  result  than  native  cases 
treated  under  similar  conditions.  In  Sydney 
(1900),  out  of  293  European  cases  the  case 
mortality  was  32'4  per  cent,  and  out  of  10 
Chinese  8  died.  In  South  Africa  (1901  to  the 
early  part  of  1902),  among  221  Europeans 
33 '9  per  cent  died,  and  among  450  coloured 
people  (those  of  partly  European  blood,  more 
or  less  remote)  56"7  per  cent  died.  Among 
205  natives  (including  Africans,  Malays,  Chinese, 
and  Indians)  the  death-rate  was  44*4  per  cent. 

The  case  mortality  varies  also  with  the  differ- 
ent phases  of  the  epidemic.  In  the  293  Sydney 
European  cases,  we  have  the  following  figures  : — 

20th  January  to  12th  April  1900,  100  Euro- 
pean cases,  fatality  37  per  cent. 

12th  April  to  9th  May  1900,  100  European 
cases,  fatality  37  per  cent. 

9th  May  to  9th  August  1900,  93  European 
cases,  fatality  23  per  cent. 

In  Sydney  the  disease  was  at  its  full  virulence 
from  the  beginning,  and  became  milder  towards 
the  close  of  the  epidemic. 

The  Indian  Plague  Commission  also  found  a 
variation  in  mortality  with  the  phase  of  the 
epidemic.  A  study  of  the  curve  of  incidence 
and  curve  of  case  mortality  in  the  case  of 
Bombay  city  shows  that  at  the  beginning  and 
end  of  an  epidemic  the  number  of  cases  and  the 
case  mortality  of  these  are  lowest,  both  curves 
rising  together  to  a  maximum  and  falling  again. 
In  Bombay  Presidency  and  native  states  con- 
nected with  it,  from  September  1896  to  1st 
January  1900  there  were  392,285  reported^  cases, 
with  308,140  reported  deaths  (excluding  Euro- 
peans), a  case  mortality  of  78'53  per  cent,  vary- 
ing from  83"7  to  59*3  per  cent  during  this  period. 
The  figures  are  certainly  very  inaccurate,  as  all 
statistics  must  be  from  countries  like  India  and 
China,  and  probably  do  not  give  a  true  idea  of 
the  case  mortality. 

The  influence  of  sex  on  mortality  does  not 
appear  to  be  marked  in  India  or  South  Africa. 
Out  of  5294  Indian  cases  collected  by  the  Com- 
mission the  male  case  mortality  was  71 '15  per 
cent,  the  female  69'37  per  cent.  In  South 
Africa,  out  of  638  males  47  per  cent  died,  and 
out  of  238  females  50-8  per  cent.  The  fatal 
character  of  plague  in  pregnant  women  has  an 
influence  in  this  connection. 


6.  Morbid  Anatomy  and  Bacteriology 

(1)  Morbid  Anatomy.  —  The  pathological 
features  of  plague  are  congestion  of  the  organs, 
tendency  to  haemorrhages,  inflammation  and 
surrounding  oedema  of  the  lymphatic  glands, 
with  the  occurrence  of  the  bacillus  pestis  in  the 
glands  and  usually  also  in  the  internal  organs. 

(a)  External  Appearances. — The  body  is  usu- 
ally well  nourished  and  rigor  mortis  may  be  well 
marked.  Examination  of  the  groin,  axilla,  or 
neck  may  show  buboes  surrounded  by  consider- 
able oedema.  Petechise  are  frequently  observed 
on  the  chest  and  limbs.  Phlyctenules  may  be 
present  on  the  limb  upon  which  the  bubo  is 
present. 

(6)  Internal  Appearances — Lymphatic  System. 
— The  entire  lymphatic  glandular  system  of  the 
body  is  frequently  involved,  even  in  those  cases 
which  show  no  external  bubo.  On  section  of 
the  skin  overlying  a  bubo,  a  copious  infiltration 
of  an  cedematous  jelly-like  fluid  and  hsemor- 
rhages  are  met  with  in  the  periglandular  tissues. 
The  glands  on  section  appear  dark  red  or  black- 
ish in  colour,  very  juicy,  often  soft  and  pulpy; 
abscess  formation  or  necrosis  of  the  gland  tissue 
may  be  found.  The  bubo  may  consist  of  several 
glands  more  or  less  matted  together.  Chains  of 
glands  similarly  affected  may  be  found  leading 
from  the  bubo,  and  frequently  such  chains  are 
found  leading  from  the  groin  to  the  sacral  and 
lumbar  glands,  and  from  the  axilla  to  the  medi- 
astinal glands.  These  secondarily  affected  glands 
may  show  less  change  than  the  original  bubo. 
The  glands  and  periglandular  infiltration  are 
found  to  be  swarming  with  plague  bacilli. 

In  pneumonic  plague  it  is  common  to  find 
the  bronchial  glands  involved,  and  in  septicsemic 
plague  the  lymphatic  glands  in  various  parts  of 
the  body  are  found  to  be  implicated. 

Haemorrhages  are  a  characteristic  feature  in 
the  pathology  of  this  disease.  They  may  occur 
all  over  the  body ;  in  addition  to  the  lymph 
glands  already  referred  to,  they  may  occur  on 
the  surface  and  in  the  substance  of  most  of  the 
organs  of  the  body,  the  commonest  sites  being 
the  lungs,  heart,  liver,  spleen,  and  kidneys. 
The  colour  varies  from  a  bright  red  to  a  reddish 
black  or  black,  and  the  size  from  a  minute  pin- 
point to  several  inches  in  extent.  In  pneumonic 
plague  the  lungs  nearly  always  show  these  hae- 
morrhages, extending  inwards  from  the  surface. 
Haemorrhages  may  also  be  found  in  the  skin. 

Brain,  Meninges,  and  Spinal  Cord. — These 
are  usually  congested  and  may  show  haemor- 
rhages. A  serous  or  sero-purulent  exudate 
laden  with  plague  bacilli  may  be  found  on  the 
pia  mater,  especially  along  the  vessels,  and  the 
ventricular  fluid  may  be  increased.  The  sub- 
stance of  the  brain,  spinal  cord,  and  nerves 
present  a  normal  appearance. 

Lungs  and  Pleura. — The  pleura  may  show 
engorgement,  and  haemorrhages  and  exudates, 
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clear  or  blood-stained,  may  occur  in  the  pleural 
cavity. 

The  lungs  are  generally  congested  and  oede- 
matous,  especially  the  lower  lobes.  Hfemor- 
rhages  and  heemorrhagic  infarcts  are  common, 
and  the  thoracic  glands  may  be  involved. 

In  plague  pneumonia  the  typical  appearance 
is  that  of  a  confluent  lobular  pneumonia  with 
scattered  irregular  patches  of  varying  size  from 
a  bean  to  an  egg,  grey  or  red  in  colour,  sur- 
rounded by  dark  red  hsemorrhagic  areas  and 
oedema.  Pleurisy  may  be  present  over  the  sur- 
face of  these  patches.  The  pneumonic  patches 
may  become  necrotic.  In  some  post-mortems 
all  one  sees  may  be  oedema,  and  no  patches  may 
be  made  out.  In  others  a  whole  lobe  may  be 
consolidated.  The  bronchial  tubes  contain 
frothy  sero-sanguineous  fluid,  and  their  mucous 
membrane  may  be  congested.  Crowds  of  plague 
bacilli  are  found  in  smears  from  the  pneumonic 
patches  and  infiltration.  The  bronchial  glands 
are  commonly  involved. 

The  heart  is  usually  dilated,  especially  the 
right  ventricle.  The  heart  muscle  is  frequently 
pale,  and  may  show  parenchymatous,  cloudy,  or 
fatty  degeneration.  The  visceral  layer  of  the 
pericardium  often  shows  hfemorrhages  of  various 
sizes,  especially  between  the  auricles  and  ven- 
tricles. Subendocardial  htemorrhages  may  be 
found,  and  sometimes  there  are  htemorrhages 
into  the  muscle  substance  itself. 

Peritoneum. — Subperitoneal  haemorrhages  are 
common  beneath  the  parietal  layer,  and  upon 
most  of  the  viscera.  Retroperitoneal  extra- 
vasation of  blood  associated  with  inflamed  retro- 
peritoneal glands  may  be  found.  Extensive 
extravasations  of  blood  may  be  found  in  the 
omentum  and  mesentery,  particularly  in  septi- 
csemic  plague. 

The  liver  is  usually  large  and  hypersemic.  It 
may  be  pale  and  soft,  showing  parenchymatous 
degeneration.  Necrotic  abscess-like  foci  may 
be  found  surrounded  by  a  hsemorrhagic  area. 
Under  the  capsule  of  the  liver  htemorrhages 
are  frequent,  and  some  authorities  state  that 
hsemorrhages  on  the  gall-bladder  are  very 
common.  Cholecystitis  and  pericholecystitis 
have  been  noted. 

The  spleen  is  always  enlarged  and  congested, 
the  colour  of  its  substance  being  usually  very 
dark,  and  it  is  generally  soft  and  is  readily 
broken  down.  Hccmorrhages  under  its  capsule 
are  of  frequent  occurrence. 

Stomach  and  intestines  frequently  show 
petechias  and  ecchymoses  in  their  mucous 
membranes.  The  solitary  follicles  and  Peyer's 
patches  are  often  swollen. 

The  kidneys  are  often  swollen  and  congested, 
the  cortical  substance  enlarged,  and  the  paren- 
chyma shows  cloudy  or  fatty  degeneration. 
Haemorrhages,  subcapsular  or  in  the  pelvis  of 
the  kidney,  may  be  seen,  or  there  may  be 
haemorrhagic  infiltration  round  the  organ. 


The  bladder  may  contain  bloody  urine, 
and  its  mucous  membrane  may  be  ecchy- 
mosed. 

The  uterus  and  Fallopian  tubes  may  show 
haemorrhages  in  their  mucous  membranes. 
The  uterus  in  cases  of  plague  in  pregnant 
women  will  usually  show  signs  of  recent  abor- 
tion or  delivery.  These  organs  should  be  ex- 
amined in  cases  of  sudden  death  in  women 
without  a  satisfactory  medical  history. 

Post-mortem  Appearances  in  Septiccemic  Plague. 
— The  changes  are  as  just  described  in  the 
internal  organs  of  the  body.  Haemorrhages 
into  these  organs,  and  inflammation  of  the 
lymphatic  glands  in  the  thorax  and  abdomen, 
are  commonly  met  with.  From  nearly  every 
organ  the  bacillus  pestis  may  be  recovered. 

(2)  Bacteriology. — The  plague  bacillus  was 
discovered  by  Yersin  in  1894  during  the  Hong- 
Kong  outbreak.  A  bacillus  discovered  by 
Kitasato  in  the  same  epidemic  has  been 
supposed  to  be  identical  with  that  of  Yersin, 
but  Kitasato  himself  has  now  admitted  that 
Yersin's  bacillus  is  the  specific  organism  of  this 
disease  (Report  on  Plague,  Journal  Bacteri- 
ologicus  Japonis,  December  1899).  It  is  a 
short  oval  bacillus  with  round  or  square-cut 
ends,  occurring  singly  or  in  dumb-bells,  and 
occasionally  in  chains.  It  is  sometimes  sur- 
rounded by  a  capsule.  In  fresh  specimens  it 
frequently  occurs  in  pairs  as  a  diplo-bacillus. 
It  is  not  motile,  nor  does  it  form  spores.  Its 
size  ranges  from  1"5  to  2  fx.,  and  it  is  "7  ^  in 
breadth,  as  average  measurements,  but  it  may  be 
longer  or  shorter  than  this,  and  its  size  is  indeed 
very  variable.  Mervyn  Gordon  and  others  have 
succeeded  in  demonstrating  the  existence  of 
flagellae. 

The  bacillus  stains  easily  with  any  of  the 
ordinary  aniline  dyes,  LofHer's  methylene  blue 
(concentrated  alcoholic  solution  of  methylene 
blue,  30  c.c. ;  potassium  hydrate  solution  (1  in 
10,000),  100  c.c),  or  very  dilute  carbol  fuchsin 
being  convenient  stains.  It  is  decolourised  by 
Gram's  method.  The  bacillus  in  fresh  speci- 
mens generally  shows  a  marked  tendency, 
though  not  always,  to  a  bipolar  stain,  the  ends 
taking  up  the  dye  more  readily  than  the  middle. 
Neisser's  double  stain  (glacial  acetic  acid,  methy- 
lene blue,  and  Bismarck  brown)  also  causes  this 
bipolar  arrangement  to  be  exhibited.  In  actively 
growing  cultures  the  polar  stain  is  nearly  always 
absent. 

The  bacillus  may  be  conveniently  demon- 
strated from  post-mortem  specimens  or  from 
punctures  of  suspected  glands  by  making  cover- 
glass  preparations,  drying,  fixing  with  a  mixture 
of  equal  parts  of  ether  and  absolute  alcohol, 
and  staining  for  a  few  minutes  with  methylene 
blue.  After  washing,  drying,  and  mounting, 
the  specimen  may  be  examined,  and  the  above 
appearances  observed.  In  chronic  cases,  and 
in  those  in  which  the  bubo  has  been  present  a 
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few  weeks,  very  few  or  no  plague  bacilli  may  be 
visible  in  such  films. 

The  organism  is  aerobic,  but  it  can  grow, 
though  less  readily,  under  anaerobic  conditions. 
In  cultures  the  organism  grows  readily  on  all 
the  ordinary  laboratory  media,  forming  white, 
moist,  transparent,  and  iridescent  colonies  on 
blood  serum  at  37°  C.  in  twenty-four  to  forty- 
eight  hours.  Upon  agar  the  colonies  are  small 
and  round,  almost  translucent  by  transmitted 
and  white  by  reflected  light ;  on  contact  with 
a  platinum  needle  they  exhibit  a  characteristic, 
tenacious,  slimy  quality,  and  are  not  very  firmly 
connected  with  the  culture  medium  (German 
Plague  Commission).  In  stab  cultures  in 
gelatine  it  grows  slowly  along  the  track  of  the 
needle,  and  the  medium  is  not  liquefied.  A 
rapid  greyish-white  surface  growth  occurs  on 
glycerine  agar.  A  characteristic  growth  occurs 
in  bouillon,  a  white  granular  deposit  growing 
at  the  bottom  and  sides  of  the  tubes,  the 
culture  fluid  appearing  clear.  The  character- 
istic "  stalactite  "  growth  occurs  in  faintly  alkaline 
or  neutral  peptone  broth,  to  which  a  few  drops  of 
olive,  cocoanut,  or  linseed  oil  or  ghee  have  been 
added,  stalactites  of  growth  hanging  from  the 
floating  oil-drops  (Haffkine).  The  flask  must 
be  kept  absolutely  at  rest  at  a  temperature  of 
25°  to  30°  C,  when  after  several  days  this 
phenomenon  gradually  takes  place.  This  is 
the  method  made  use  of  in  the  preparation  of 
Hafl'kine's  prophylactic.  After  several  sub- 
cultures this  appearance  may  cease  to  be 
produced,  but  passage  through  a  susceptible 
animal  will  restore  it,  or  it  may  spontaneously 
reappear  (Klein). 

In  sugar-containing  media  there  is  no  fermen- 
tation or  gas  production. 

In  old  cultures  upon  agar  and  bouillon, 
involution  forms  of  the  organism  are  found, 
which  show  great  variety  in  shape,  sometimes 
a  long  slender  bacillus,  segmented  and  vacuo- 
lated, at  other  times  swollen  and  pear-shaped. 
These  forms  stain  badly.  On  agar,  to  which 
2  "5  to  3 "5  per  cent  salt  solution  has  been  added, 
Hankin  and  Leumann  found  these  involution 
forms  appeared  in  twenty-four  hours  at  37°  C. 

Viability  of  the  Plague  Bacillus.  —The  bacillus 
pestis  is  killed  by  heating  for  ten  minutes  at 
62*  to  65°  C.  It  loses  its  virulence  by  drying, 
and  requires  both  warmth  and  moisture  for  the 
maintenance  of  its  virulence.  The  bacillus  can, 
however,  grow  on  media  at  a  low  temperature 
for  a  long  period. 

Corrosive  sublimate,  1  in  1000,  kills  the 
organisms  instantaneously ;  carbolic  acid  and 
lysol,  1  per  cent,  in  ten  minutes ;  sulphuric 
acid,  1  in  1000,  in  five  minutes. 

The  German  Plague  Commission  stated  that 
the  longest  time  the  bacilli  in  infected  material, 
such  as  lint,  wadding,  etc.,  remained  active  was 
eight  days.  Sputum  from  pneumonic  cases, 
kept  in  a  vessel  plugged  with  cotton-wool,  was 


no  longer  virulent  after  sixteen  days.  In 
ordinary  drinking  water  the  bacilli  die  in  three 
days,  in  sterilised  water  in  eight  days,  and  in 
sterilised  bilge  water  in  five  days.  In  direct 
sunlight  the  organism  dies  in  three  or  four 
hours.  Diff'erent  observers  have,  however, 
arrived  at  very  different  results  in  regard  to 
the  action  of  heat,  cold,  disinfectants,  etc.,  upon 
the  plague  bacillus,  dependent  partly  upon  the 
diff'erent  climatic  conditions  under  which  they 
were  working,  and  partly  also  upon  the  varying 
degrees  of  virulence  of  the  bacillus. 

The  Virulence  of  the  Organism. — This  varies 
in  culture  and  in  nature  very  much,  being 
rapidly  lost  on  artificial  media.  Its  virulence 
can  be  exalted  by  passing  through  certain 
animals.  Gilbruth  has  found  that  by  inoculat- 
ing rats  and  guinea-pigs  with  cultures  of  non 
virulent  or  slightly  virulent  plague  bacilli 
mixed  with  a  streptococcus  or  the  diphtheria 
bacillus,  the  animal  rapidly  died  with  the  post- 
mortem signs  of  plague. 

Occurrence  of  the  Bacilhis  in  the  Body. — The 
plague  bacillus  is  found  in  the  buboes  in  large 
quantities,  a  smear  fi'om  the  cut  surface  of  the 
bubo  or  material  obtained  from  a  puncture 
frequently  showing  large  numbers  of  the  bacilli, 
which  are  also  found  in  the  oedematous  fluid 
surrounding  the  inflamed  gland.  The  smear  on 
staining  with  appropriate  methods  shows  pus 
corpuscles,  cell  debris,  blood  corpuscles,  and 
micro-organisms.  During  life,  except  in  mori- 
bund cases,  it  is  little  use  examining  smears  of 
blood  obtained  from  the  peripheral  circulation. 
During  the  last  twenty-four  hours  of  life,  when 
septicaemia  has  supervened,  blood  taken  from 
the  ear  or  finger  may  show  plague  bacilli. 

In  pneumonic  cases  smears  from  the  sputum 
will  generally  reveal  the  bacillus  almost  in  pure 
culture.  It  may  also  be  found  in  tlie  papule  or 
pustule  which  formed  the  original  point  of  entry 
of  the  bacillus  into  the  system.  Post-mortem 
smears  from  most  of  the  internal  organs, 
particularly  the  liver  and  spleen,  show  the 
organism. 

Bacteriological  Examination  of  Suspected 
Material. — After  examination  of  films  of  the 
suspected  material,  if  numerous  plague-like 
bacilli  are  visible,  animals  (white  rats  or  guinea- 
pigs)  may  be  directly  inoculated.  If  these 
bacilli  are  scanty,  it  is  preferable  to  make 
surface  cultivations  upon  agar,  and  after  twenty- 
four  or  thirty-six  hours,  or  after  making  another 
subculture  if  necessary,  to  inoculate  a  sus- 
ceptible animal  with  some  of  the  growth. 
Intraperitoneal  injection  of  a  guinea-pig  will 
produce  death  or  a  dying  condition  in  twenty- 
four  hours,  with  congestion  of  the  peritoneum 
and  viscera,  and  a  characteristic  exudation  in 
the  peritoneal  cavity,  grey,  turbid,  and  viscid 
in  character,  and  containing  numerous  plague 
bacilli  (Klein,  Public  Health,  December  1900). 

Subcutaneous  injection  into  the  groin  of  a 
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guinea-pig  or  rat  produces  enlargement  of  the 
inguinal  glands  in  twenty-four  hours,  and 
usually  death  in  forty-eight  to  seventy-two 
hours. 

Post-mortem  A2:>pearances  in  Plague-infected 
Animals. — The  appearances  in  naturally  in- 
fected rats,  mice,  and  cats  are  much  the  same. 
There  is  general  congestion,  oedema,  and  minute 
hsemorrhages  vmder  the  skin  and  into  various 
viscera,  and  connnonly  enlargement  of  lymphatic 
glands  in  different  situations,  with  or  without 
pneumonia. 

7.  Diagnosis 

(1)  Early  Recognition  of  the  Disease  in  a 
Locality.  —  In  most  towns  or  places  which 
become  plague  infected  there  is  well-nigh  in- 
variably a  section  of  the  press  and  a  large  body 
of  the  public  who  most  strenuously  deny  the 
existence  of  the  disease  within  their  midst,  and 
who  place  every  obstacle  within  their  power  in 
the  way  of  tliose  who  are  combating  the  epi- 
demic. This  obstruction  on  the  part  of  the 
public  has  been  well  marked  in  India,  Egypt, 
and  South  Africa ;  in  the  latter  instance  not 
only  among  the  natives  and  coloured  people,  in 
whom  ignorance  is  to  be  expected,  but  also 
among  educated  Europeans.  This  attitude  is 
not  merely  interesting  to  note,  but  it  is  also  of 
importance  to  recognise,  and  to  expect  in  future 
plague  epidemics,  wherever  they  may  occur, 
though  in  this  country  it  is  to  be  expected 
public  obstruction  would  be  slight. 

In  the  early  days  of  an  epidemic  the  only 
evidence  upon  which  an  absolute  diagnosis  of 
plague  is  justified  is  that  of  the  bacteriologist. 
Although  he  can  give  an  opinion  on  merely 
staining  smears  obtained  from  the  patient,  he 
cannot  give  an  absolute  diagnosis  for  three  or 
four  days,  when  his  animal  experiments  are 
completed.  During  this  period,  however,  the 
public  health  authority  has  to  take  pre- 
cautionary measures,  and  as  far  as  isolation 
goes  to  act  as  if  this  suspected  case  were 
genuine  plague. 

The  occurrence  of  two  or  three  cases  of  pneu- 
monia in  the  same  house  or  among  those 
visiting  it,  or  several  sudden  deaths  in  a  neigh- 
bourhood under  circumstances  where  association 
of  these  persons  with  one  another  is  known, 
should  cause  suspicion  as  to  the  presence  of 
some  epidemic  disease,  possibly  plague.  An 
increase  in  the  number  of  deaths  in  a  locality, 
especially  an  undue  number  of  certificates  of 
pneumonia,  heart  disease,  and  puerperal  fever, 
may  become  a  suspicious  circumstance.  The 
occurrence  of  any  illness  in  a  locality  in  which 
rats  are  known  to  be  dying  should  be  looked 
upon  with  suspicion  until  plague  can  be  defin- 
itely excluded.  Convulsions  among  children 
with  speedy  death  may  be  a  manifestation  of 
plague. 

(2)  Diagnosis. — On  the  occurrence  of  a  sus- 


picious case  of  glandular  fever,  after  noting  the 
presence  or  absence  of  symptoms  already  de- 
scribed as  present  in  plague,  it  will  be  necessary, 
with  antiseptic  precautions,  to  puncture  the 
gland  for  bacteriological  examination.  This 
may  be  conveniently  done  by  the  following 
procedure  : — 

(a)  Wash  the  skin  over  the  bubo  with  soap 
and  water,  then  freely  with  alcohol.  Introduce 
the  needle  of  a  sterilised  hypodermic  or  anti- 
toxin syringe  into  the  periglandular  tissue  or 
the  substance  of  the  gland  and  draw  off  some 
fluid.  It  may  be  necessary  to  steady  the  gland, 
and  very  little  fluid  may  be  obtainable. 

(6)  Make  cover-glass  smears  from  the  fluid 
drawn  off,  and  allow  them  to  dry  in  the  air. 
Fix  the  films  by  passing  rapidly  through  the 
flame  of  a  Bunsen  burner  or  spirit-lamp  three 
or  four  times. 

(c)  The  smear's  can  then  be  stained,  as  already 
described,  or  transmitted  to  the  bacteriologist 
by  placing  them  in  a  small  box  well  padded 
with  cotton-wool. 

{d)  Some  of  the  fluid  should  also  be  sent  to 
the  bacteriologist,  or  cultures  made  directly  at 
the  bed-side. 

The  bacteriologist  then  makes  microscopic, 
cultural,  and  inoculation  experiments,  and  a 
diagnosis  is  arrived  at. 

During  the  course  of  an  epidemic  such  pre- 
cautions are  unnecessary,  and  a  history  of 
exposure  to  infection  (where  obtainable)  and  a 
general  examination  of  the  patient  are  usually 
sufficient.  The  chief  points  of  importance  are 
—  sudden  onset,  prostration,  fever,  headache, 
rapid  pulse,  the  coated  tongue  with  red  edges, 
vomiting,  giddiness,  thickness  and  hesitancy  in 
speech,  injection  of  the  conjunctivae,  staggering 
gait,  and  glandular  tenderness.  Cases  of  pestis 
ambulans  are  difficult  to  diagnose,  and  the 
glands  should  be  punctured  where  possible. 
Failure  to  recover  the  bacillus  does  not,  how- 
ever, put  plague  out  of  court. 

Pneumonic  plague  can  be  diagnosed  from  the 
prostration  and  illness  out  of  proportion  to  the 
lung  changes  which  are  found,  the  absence  of 
the  respiration-pulse  ratio  in  ordinary,  but  not 
so  markedly  absent  in  plague  pneumonia,  and 
the  presence  of  the  specific  bacillus  in  the 
sputum. 

Septicsemic  plague  can  only  be  absolutely 
diagnosed  from  an  examination  of  the  blood, 
which  usually  shows  the  bacillus  in  this  type  of 
the  disease.  During  the  course  of  an  epidemic 
of  plague,  especially  among  races  who  do  not 
readily  consult  qualified  medical  men  during 
their  illness,  post-mortem  examinations  should 
be  made  wherever  possible  in  cases  of  sudden 
death,  or  if  otherwise  suspicious. 

Scheube  states  that  the  serum  agglutinative 
reaction  (equivalent  to  the  Widal  reaction  for 
typhoid)  is  constantly  absent  in  the  early  stages 
of  the  disease,  where  it  would  be  of  special 
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value,  and  though  present  in  convalescence  it 
cannot  be  regarded  as  of  any  diagnostic  help. 
It  has,  however,  been  employed  to  test  suspicious 
bacilli. 

(3)  Differential  Diagnosis. — This  may  best  be 
considered  under  the  headings  of  diseases  with 
and  without  glandular  swellings. 

{a)  Diseases  with  Glandular  Swellings. — Re- 
sults of  strains  and  injuries  are  frequent  reasons 
advanced,  especially  among  native  races.  In 
ordinary  cases  of  plague  the  severe  nature  of 
the  attack  points  to  some  acute  fever.  Milder 
cases  may  present  more  difficulty,  but  when  in 
doubt  the  gland  should  be  punctured  and  the 
fluid  bacteriologically  examined.  Although  the 
patient  may  be  able  to  point  to  a  wound  on  a 
limb  as  a  cause  of  his  inflamed  gland,  it  must 
be  remembered  that  the  infection  of  plague 
may  have  entered  through  this  wound.  In 
plague  the  patient  feels  very  ill  before  the  bubo 
appears. 

Diphtheria  and  tonsillitis  with  cervical  swel- 
lings have  been  confused  with  plague,  from 
omitting  to  carefully  examine  the  condition  of 
the  throat.  Such  examination  should  always 
be  carried  out  in  cases  with  swellings  in  the 
neck. 

Syphilis,  gonorrhoea,  and  sores  on  the  penis 
may  be  the  cause  of  the  bubo,  but  examination 
of  the  patient  clears  up  the  diagnosis.  Plague 
may,  however,  occur  together  with  these  dis- 
eases. The  hardness  of  the  glands  and  absence 
of  tenderness  in  syphilis,  and  the  fever  and 
severe  constitutional  symptoms  in  plague,  dis- 
tinguish these  diseases.  A  sore  under  the 
prepuce  may  cause  inflamed  glands  in  the 
groin. 

Chronic  tubeixular  glands  may  be  mistaken 
for  plague,  but  the  history,  if  reliable,  is  suffi- 
cient to  distinguish  such  cases. 

Mumps  may  cause  difficulty  in  diagnosis,  but 
in  mumps  the  bilateral  swelling,  the  metastatic 
inflammation  of  the  testicle,  which,  however, 
occurs  late  in  the  disease,  the  comparatively 
trivial  nature  of  the  disease  in  children,  and  the 
low  temperature,  and  in  plague  the  exquisite 
tenderness  of  the  gland,  the  severe  nature  of 
the  disease,  and  other  symptoms  already  de- 
scribed, should  be  sufficient  to  distinguish  them. 
In  plague  the  parotid  gland  is  not  commonly 
involved,  and  when  it  is,  the  disease  is  generally 
very  severe,  and  there  is  very  considerable  in- 
filtration of  the  surrounding  tissues.  Double 
parotitis  in  plague  is  rare.  Cases  of  mumps 
do,  however,  occur  with  intense  prostration  and 
delirium,  and  mild  cases  of  plague  with  enlarge- 
ment in  the  parotid  region.  These  cases  cause 
difficulty,  and  recourse  would  have  to  be  had  to 
the  diagnostic  puncture. 

Filarious  lymphangitis  has  been  mistaken  for 
plague,  but  an  examination  of  the  blood  for 
filaria  would  clear  up  the  diagnosis. 

Veldt  sores  and  tic  bites  may  cause  inflam- 


mation of  lymphatic  glands.  The  condition  of 
the  patient  distinguishes  such  cases. 

Pestis  minor  has  been  referred  to  (p.  118). 

Neuralgic  pains  in  the  groins  are  not  un- 
common among  those  engaged  on  plague  work. 
They  seem  to  be  usually  neurotic,  but  cause 
considerable  anxiety. 

(b)  Diseases  without  Glandular  Stoellings. — 
Puerperal  fever  may  be  diagnosed  instead  of 
plague  septicaemia.  In  plague,  the  fever  comes 
on  before  delivery  or  abortion,  and  is  almost 
invariably  fatal.  The  absolute  diagnosis  of 
plague  rests  upon  the  bacteriological  examina- 
tion of  the  blood. 

Septiccemia  and  pycemia  can  only  be  diffier- 
entiated  from  plague  by  bacteriological  ex- 
amination. 

Smallpox  may  be  confused  with  plague  until 
the  rash  comes  out. 

Influenza,  septicsemic  and  pneumonic  plague 
may  present  great  difficulty  in  diagnosis  ;  the 
character  of  the  pneumonia  and  nervous 
symptoms  are  similar  in  each.  Examination  of 
the  blood  and  sputum  is  necessary. 

Cerebro- spinal  meningitis  and  plague  both 
show  meningeal  symptoms,  but  in  plague  re- 
traction of  the  head  is  not  common.  Meningitis 
may  supervene  in  plague. 

Malaria  may  be  confused  with  plague.  The 
character  of  the  tongue  is  different ;  examina- 
tion of  the  blood  and  the  treatment  clear  up 
the  diagnosis. 

Typhoid  fever  may  be  diagnosed  by  Widal's 
reaction,  the  spots,  and  other  characters  of  the 
disease.  In  doubtful  cases  bacteriological  ex- 
amination of  the  blood  should  be  employed. 
The  onset  is  insidious  in  typhoid  and  sudden 
in  plague.  In  plague  the  temperature  rises 
suddenly. 

Typhus,  dengue,  and  relapsing  fever  should  be 
differentiated  from  plague  by  examination  of  the 
blood,  together  with  the  signs  of  these  diseases. 

Lobar  pneumonia  may  simulate  plague  pneu- 
monia, but  a  bacteriological  examination  of  the 
sputum  and  the  characteristics  of  these  diseases 
indicate  the  diagnosis. 

8.  Prognosis 

Plague  is  a  very  fatal  disease,  the  case 
mortality  among  European  patients  treated  in 
hospital  being  about  35  per  cent,  and  much 
higher  among  native  races. 

The  prognosis  depends  on  (1)  the  period  of 
the  oiUbreah.  Cases  are  milder  at  the  beginning 
and  end  of  an  epidemic,  but  not  invariably. 
(2)  On  the  type  of  the  disease.  Pneumonic 
and  septicsemic  cases  are  generally  fatal.  (3) 
On  the  age  of  the  patient ;  unfavourable  in  the 
very  young  and  the  aged.  (4)  On  the  site  of 
the  bubo.  Cervical  lesions  are  most  fatal ;  this 
type  is  frequent  in  childi'en.  (5)  The  race  of 
the  patient  has  an  influence.  Most  of  the 
Asiatic  races  show  a  lack  of  resistance  to  the 
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disease.  (6)  Sex  has  no  influence  except  that 
if  the  patient  is  pregnant  she  usually  aborts  or 
is  prematurely  confined,  with  nearly  always 
fatal  results  to  the  mother  and  child.  (7)  The 
stamina  of  the  patient  has  an  influence,  though 
often  absolutely  healthy  persons  contract  the 
disease  and  die  in  a  few  hours.  (8)  Haffkine's 
prophylactic  influences  the  disease  greatly, 
rendering  the  type  of  the  disease  as  a  rule  mild. 
(9)  Co-existing  diseases,  such  as  tuberculosis,  may 
make  great  advances  in  convalescence,  and  the 
patient  may  succumb  to  acute  phthisis.  (10) 
Other  points  to  be  noted  are — the  character  of 
the  heart  and  pulse  ;  obstinate  vomiting  ;  early 
diarrhoea ;  brain  symptoms,  such  as  long-con- 
tinued sleeplessness,  delirium,  and  coma ;  hsemor- 
rhages  :  all  these  are  bad  signs.  The  presence 
of  the  bacillus  in  the  blood  points  to  septic£emia 
and  approaching  death. 

If  the  patient  survive  the  first  week  of  his 
attack  the  prognosis  becomes  more  favourable. 

Early  hospital  treatment  gives  the  patient 
his  best  chance  of  recovery. 

9.  Treatment. — (a)  Symptomatic;  (b)  Antitoxic 
(a)  Sympt07)iatic  treatment  is  the  chief  line  to 
be  taken.  The  general  management  of  the  case 
consists  in  rest  in  bed,  in  the  recumbent  attitude, 
for  at  least  ten  to  fourteen  days,  the  patient 
being  on  no  account  permitted  to  get  out  of 
bed.  A  sufficient  supply  of  nurses  should  be 
provided,  as  a  patient  during  the  acute  stage 
should  never  be  out  of  sight  of  an  attendant. 
After  ten  to  fourteen  days  the  patient  may  get 
up  gradually,  the  condition  of  the  heart  and 
piilse  being  carefully  watched,  and  provided  no 
complications  arise.  The  patient  should  be 
kept  in  cool  and  well-ventilated  surroundings. 
Every  case  should  be  treated  in  hospital,  not 
only  to  control  infection  as  far  as  possible,  but 
also  because  of  the  importance  of  trained  nursing 
and  prompt  medical  assistance  in  the  sudden 
emergencies  which  may  at  any  moment  arise. 

As  regards  the  diet,  it  should  be  light  and 
nourishing.  Milk,  beef-tea,  sovips,  and  beaten- 
up  eggs  are  permissible  while  the  temperature 
remains  high.  Then  ordinary  light  diet  should 
be  given.  In  cases  of  obstinate  vomiting,  rectal 
feeding  (peptonised  milk  2  to  4  oz.  in  children, 
given  four  -  hourly)  must  be  employed,  the 
quantity  being  cautiously  increased.  If  vomiting 
persists,  and  even  water  cannot  be  retained  by 
the  stomach,  it  is  necessary  to  give  "  water- 
feeds"  of  3  or  4  ounces,  per  rectum,  about  an 
hour  before  the  milk-feeds.  The  rectum  must 
be  washed  out  with  tepid  water  every  twenty- 
four  hours  while  this  feeding  is  being  carried  on. 
The  feeds  are  best  given  by  a  funnel  and  tubing 
with  a  soft  catheter  inserted  in  the  rectum. 

Stimulants,  though  frequently  necessary, 
should  not  be  exhibited  without  due  cause. 
The  chief  symptom  calling  for  stimidants  is 
heart  failure  and  continued  high  fever.  Brandy, 


if  necessary,  should  be  administered  by  the 
mouth.  In  cases  where  vomiting  is  absent  it 
is  best  given  as  egg-flip,  provided  the  patient 
can  retain  and  digest  it.  In  cases  of  collapse, 
hot  brandy  and  water,  hot  bottles  and  blankets, 
are  efficacious.  Brandy  should  not  be  given 
per  rectum  unless  absolutely  necessary,  for  it 
is  apt  to  set  up  irritation  which  may  render 
rectal  feeding  impossible.  In  cases  where 
vomiting  is  present  champagne  should  be  tried. 
Strychnine  should  be  given  by  the  mouth  alone, 
or  with  digitalis  as  a  cardiac  stimulant,  as  indi- 
cated by  the  state  of  the  pulse  and  heart.  But 
its  chief  use  lies  in  its  hypodermic  administration 
to  cases  suffering  from  cardiac  depression  or 
sudden  heart  failure.  Here  it  may  be  given  in 
doses  of  5-10  trt  every  hour,  or  less  frequently, 
but  the  patient  should  be  watched  carefully  ito 
see  that  no  symptoms  of  poisoning  occur.  It 
is  surprising,  however,  the  toleration  these  cases 
have  for  strychnine.  It  is  impossible  to  give 
definite  instructions  on  this  point,  as  each  case 
must  be  judged  on  its  own  merits,  but  strych- 
nine is  the  sheet-anchor  of  our  treatment  of 
plague.  In  septicsemic  and  pneumonic  plague 
a  few  minims  of  this  drug  must  be  administered 
every  few  hours,  hypodermically  if  necessary. 
Ammonium  carbonate  is  an  excellent  stimulant, 
especially  in  pneumonic  cases.  Ether  is  very 
useful  in  sudden  collapse  on  account  of  its 
prompt  effect.  The  nurse  must  be  instructed 
to  give  hypodermic  injections  of  ether  and 
strychnine  promptly  in  cases  of  collapse,  as  any 
delay  may  be  fatal. 

Restlessness,  sleeplessness,  and  continued  high 
fever  should  be  treated  with  cold  sponging  and 
packs,  but  in  children  restlessness  is  often  found 
to  be  controlled  by  hot  sponging.  Phenacetin 
and  antipyrin  should  not  be  used,  but  grain 
of  hyoscine,  or  -I  to  ^  grain  of  morphine,  may  be 
necessary  in  some  cases. 

Vomiting  should  be  treated  by  hot  applica- 
tions, turpentine  stupes,  or  a  blister  to  the 
epigastrium.  Hydrocyanic  acid  is  frequently 
efficacious,  and  often  sucking  ice  gives  relief. 

The  bowels  should  be  kept  open  by  enemata 
rather  than  by  drugs,  but  5  to  10  grains  of 
calomel,  if  necessary,  should  be  given  at  the 
onset  of  the  attack.  Diarrhoea  should  be  con- 
trolled by  10  grains  of  salol  or  a  starch  and 
opium  enema. 

The  hihbo  should  be  treated  with  hot  fomenta- 
tions, lead  and  opium,  or  glycerine  and  bella- 
donna applications  to  relieve  pain,  and  should 
be  treated,  if  it  suppurates,  on  the  ordinary  lines 
of  dealing  with  abscesses. 

The  eye,  joint,  and  other  surgical  complications 
should  be  treated  in  the  usual  manner. 

{b)  Antitoxic  Treatment. — With  regard  to  the 
serum  treatment  of  the  disease,  the  subcutaneous 
injection  of  Yer sin's  serum  has  not  yet  been 
proved  to  have  served  much  curative  purpose, 
possibly  on  account  of  cases  not  coming  under 
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treatment  sufficiently  early ;  possibly,  also,  the 
dosage  has  been  sometimes  insufficient,  but 
200  c.c.  given  subcutaneously  have  in  some 
cases  been  found  to  be  of  benefit.  More 
encouraging  results  have  been  obtained  by  the 
intravenous  administration  of  30  to  60  c.c.  of 
the  serum,  and  this  may  conveniently  be 
injected  into  the  veins  on  the  dorsal  aspect 
of  the  hand  or  the  front  of  the  wrist.  If  the 
serum  be  warmed  the  patient  experiences  little 
discomfort. 

Lustig's  serum  has  been  used  in  India  both 
subcutaneously  (in  doses  of  200  to  2000  c.c.) 
and  intravenously.  It  had  little  effect  in 
septicsemic  cases,  but  appeared  to  be  of  some 
service  in  bubonic  cases  with  multiple  buboes. 
It  cannot,  however,  be  regarded  as  of  much 
assistance  in  serious  cases.  Although  the  serum 
treatment  of  the  disease  appears  to  be  the  only 
one  which  holds  out  much  prospect  of  reducing 
the  case  mortality  in  plague,  it  must  be 
admitted  that  as  yet  the  value  of  the  pre- 
parations available  has  not  been  sufficiently 
established. 

10.  Curative  and  Preventive  Sera  and 
Prophylactics 

A  number  of  sera  and  prophylactics  have 
been  prepared,  and  their  use  advocated  by 
those  who  have  discovered  them.  The  value 
of  some  of  them  is  based  rather  upon  laboratory 
experiments  than  upon  use  on  a  large  scale. 

(1)  Yersin's  serum  has  received  trial  as  a 
prophylactic  agent;  10  c.c.  are  administered 
subcutaneously  into  the  skin  of  the  abdominal 
wall,  giving  an  immunity  for  ten  to  fourteen 
days.  To  obtain  further  immunity  it  is  neces- 
sary to  repeat  the  injection  at  the  end  of  each 
period  of  ten  or  fourteen  days.  The  use  of 
this  serum  is  only  to  be  recommended  as  a 
prophylactic  in  cases  where  it  is  desirable  to 
rapidly  immunise  a  person  who  has  been  ex- 
posed to  infection.  In  the  great  majority  of 
cases,  as  will  be  seen,  Haffkine's  prophylactic 
should  be  employed.  Reference  has  already 
been  made  to  the  curative  use  of  Yersin's  serum. 
Its  mode  of  preparation  is  to  inject  living 
cultures  of  plague  bacilli  intravenously  into 
a  horse ;  the  serum  is  obtained  by  bleeding 
the  animal. 

(2)  Lustig's  sei-um  is  obtained  from  the  blood 
of  horses  immunised  by  the  injection  of  a 
nucleo-proteid,  which  is  prepared  by  treating 
plague  cultures  with  1  per  cent  caustic  potash  ; 
after  acidifying  with  dilute  HCl  the  precipitate 
is  filtered  off,  washed,  and  dried.  The  nucleo- 
proteid  is  stated  to  have  prophylactic  properties. 
The  curative  results  of  the  serum  have  not  been 
very  promising  in  India. 

(3)  Terni  and  Bandi's  serum  is  obtained  by 
immunising  animals  with  a  vaccine  prepared 
by  intraperitoneal  injection  of  rabbits  with 
plague    bacilli ;    the    peritoneal    secretion  is 


treated  with  "sea-salts"  and  heated  for  some 
hours  at  60°  C.  I  am  not  aware  of  the  results 
of  using  this  serum  and  vaccine  on  a  large 
scale. 

(4)  Haffkine's  Prophylactic. — In  the  prepara- 
tion of  his  plague  prophylactic  Hafikine  was 
led,  from  the  results  of  his  anti-cholera  inocula- 
tion, "  to  treat  the  system  with  a  combination 
of  the  actual  bodies  of  the  plague  bacilli  and 
of  the  concentrated  products  of  their  activity." 
Plague  bacilli  are  cultivated  in  broth,  from  the 
surface  of  which  they  are  susjjended  as  a 
stalactite  growth  from  drops  of  clarified  butter 
{ghee)  or  of  cocoa-nut  oil  floating  on  its  surface. 
The  flasks  containing  the  growth  are  periodically 
shaken,  and  the  growth  falls  to  the  bottom, 
allowing  a  new  crop  of  stalactites  to  grow  from 
the  surface.  An  increasing  amount  of  toxine 
is  also  formed,  secreted  from  the  bacilli  and 
accumulating  in  the  broth.  This  process  is 
continued  for  five  or  six  weeks,  when  it  is 
stopped,  and  the  bacilli  killed  by  exposing  the 
flasks  to  70'^  C.  for  one  hour.  The  prophylactic 
is  then  ready  for  use  after  the  dose  for  man  has 
been  determined.  This  has  to  be  done  by 
experiment  for  each  brew  of  the  prophylactic. 
The  fluid  is  sealed  up  in  vessels,  after  adding 
a  small  quantity  of  some  antiseptic,  and  sent 
out  for  use.  The  usual  dose  is  about  5  c.c. 
for  an  adult,  and  should  be  injected  into  the 
outer  part  of  the  upper  arm.  A  few  hours  after 
inoculation,  malaise,  fever,  and  aching  at  the 
site  of  injection  occur,  followed  by  some 
prostration,  together  with  redness  and  swelling 
of  the  upper  ai-m.  These  symptoms  usually 
last  about  twenty-four  hours,  when  the  person 
inoculated  resumes  his  normal  health,  though 
the  local  inflammation  and  swelling  may  persist 
for  some  days.  Sometimes  the  reaction  is  some- 
what more  severe  than  has  been  indicated,  and 
the  patient  may  be  some  days  before  he  recovers. 
Rarely  abscesses  occur,  as  with  any  other  sub- 
cutaneous injection.  The  most  convenient  time 
for  being  inoculated  is  in  the  afternoon,  say 
about  3  P.M. ;  about  8  p.m.  constitutional  symp- 
toms occur,  the  patient  passes  an  uncomfortable 
and  restless  night,  feels  more  or  less  ill  next 
day,  which  should  be  spent  at  rest.  On  the 
following  day  he  is  well  enough  to  resume  his 
ordinary  duties  in  the  majority  of  cases.  A 
lead  and  opium  application  may  be  of  service 
where  there  is  much  local  reaction. 

Immunity  after  inoculation,  which  is  never 
absolute,  is  established  in  about  ten  days 
(though  HafFkine  and  Bannerman  put  it  at  a 
much  shorter  period),  and  persists  for  a  time 
which  is  not  yet  determined ;  it  is  at  least  six 
months,  and  probably  longer.  As  the  duration 
of  an  ordinary  plague  epidemic  is  not  as  a  rule 
longer  than  this,  the  person  inoculated  has 
secured  a  large  measure  of  immunity  for  that 
particular  epidemic,  though,  if  he  wishes  to 
continue   protected,   he  must  again  undergo 
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inoculation  sliould  there  be  recrudescence  of 
the  epidemic.  The  conclusions  of  the  Indian 
Plague  Commission  upon  this  subject  were : — 

(1)  Inoculation  is  harmless. 

(2)  When  given  in  the  incubative  stage,  i.e. 
before  the  signs  of  plague  are  apparent,  it  has 
in  many  cases  the  power  of  aborting  the  disease. 

(3)  Inoculation  affords  to  all  those  inoculated 
a  strong  protection  against  attack  by  plague. 

(•i)  In  the  few  cases  where  inoculated  people 
are  attacked  a  very  large  proportion  recover. 

There  is  a  difference  of  opinion  held  by  many 
people  as  to  the  second  of  these  conclusions, 
but  it  is  supported  by  Bannerman,  an  authority 
on  the  subject.  As  to  the  first,  third,  and 
fourth  of  these  conclusions,  there  can  be  no 
question  of  the  accuracy  of  the  statement  of 
the  Commission. 

By  again  undergoing  inoculation  ten  days 
after  the  first  injection  a  greater  amount  of 
protection  is  secured. 

(5)  Kitasatd's  prophylactic  is  prepared  from 
agar  cultures  of  plague  bacilli.  Its  inoculation 
effects  are  much  milder  than  those  of  Haffkine's 
prophylactic.  It  has  been  used  on  a  large  scale 
in  Formosa  with  excellent  results,  both  with 
regard  to  reduction  of  the  rates  of  incidence 
and  of  case  mortality  among  the  inoculated 
{Journal  Trap.  Med.,  May  1,  1902). 

(6)  Cahnette's  vaccine  is  obtained  from 
cultures  of  the  bacillus  upon  gelose.  By 
filtration  and  repeated  washings  the  bacilli  are 
obtained  as  free  as  possible  from  toxines.  The 
dried  bacilli  constitute  the  vaccine,  of  which 
the  value  does  not  appear  to  have  been  tested 
on  a  large  scale. 

11.  Measures  to  be  taken  upon  the 
Occurrence  of  an  Outbreak  of  Plague 

( 1 )  .4  dministra  tion 
The  public  health  authorities  of  a  place  likely 
to  become  plague  infected  should  plan  out  the 
details  of  the  arrangements  which  will  become 
necessary  in  the  event  of  the  arrival  of  epidemic 
plague. 

A.  Measu7'es  in  anticipation. 

(a)  The  provision  and  equipment  of  a  plague 
hospital  and  of  an  ambulance  department. 

(b)  The  provision  of  reception  houses  for 
"  contacts." 

(c)  Arrangements  should  be  made  for  securing 
the  services  of  an  adequate  medical  and  nursing 
staff  should  they  be  required. 

(d)  The  details  of  the  measures  to  be  presently 
described  should  be  considered,  so  that  they 
may  be  ready  to  be  set  in  motion  at  the  outset 
of  the  epidemic. 

(e)  A  campaign  against  rats  and  insanitary 
conditions  should  be  at  once  instituted. 

B.  Measures  to  be  adopted  at  the  outset  of  the 
epidemic. 

(a)  The  staff  of  the  plague  hospital  should 


come  on  duty  and  be  suitably  augmented  as 
required.  This  includes  medical  officers,  nurses, 
ward  attendants,  porters,  etc.  The  menial  staff, 
especially  among  native  races,  should  be  recruited 
from  recovered  patients,  after  the  first  few 
weeks  of  the  epidemic.  Every  plague  case 
should  be  removed  to  hospital. 

(5)  The  reception  houses  must  be  opened. 

(c)  Disinfection  gangs  must  be  formed,  each 
in  charge  of  a  reliable  "ganger,"  and  the  whole 
under  some  responsible  person. 

(d)  The  M.O.H.  would  in  this  country  be  in 
charge  of  the  plague  administration,  but  it  may 
be  necessary,  especially  abroad,  to  appoint  a 
medical  officer  in  charge  of  the  plague  adminis- 
tration. 

(e)  The  locality  should  be  divided  into  districts 
of  a  suitable  size,  each  in  charge  of  a  medical 
officer  (D.M.O.)  with  a  staff  of  sanitary  inspec- 
tors. The  D.M.O.s  should  visit  suspicious  cases 
and  act  as  medical  referees  in  conjunction  with 
the  medical  attendant  (if  any)  in  charge  of  the 
case.  It  is  convenient,  especially  in  the  Colonies, 
to  place  the  D.M.O.s  in  sanitary  charge  of  their 
districts,  under  the  senior  medical  officer  of  the 
plague  administration. 

(/)  A  bacteriologist  is  necessary. 

(g)  In  some  of  the  Colonies  an  advisory  plague 
board,  composed  of  men  of  influence  in  the 
locality,  has  been  found  of  use.  This  board 
should  not  have  any  executive  functions. 

(h)  The  plague  staff  should  all  be  inoculated 
with  Haffkine's  prophylactic,  and  this  should 
be  made  a  condition  of  employment. 

(t)  All  pei-sons  employed  on  plague  duty 
should  be  segregated  and  provided  with  housing 
accommodation  by  the  plague  administration. 

(2)  General  Measures  to  be  adopted 

(a)  Public  co-operation  must  be  secured  as  far 
as  possible.  It  usually  happens  that  the 
inhabitants  of  a  town  attacked  by  plague  are 
divided  into  two  parties — those  who  are  panic- 
stricken  at  the  advent  of  the  disease,  and  those 
who  scout  the  idea  of  its  presence.  The  former 
can  be  soothed,  and  some  of  the  latter  perhaps 
convinced,  by  holding  public  meetings  addressed 
by  prominent  men  in  whom  they  have  con- 
fidence, also  by  advertisements,  posters,  leaflets, 
and  articles  in  the  press.  These  should  advise 
on  preventive  measures  necessary,  and  point 
out  the  manner  in  which  plague  may  be  con- 
tracted and  spread.  The  destruction  of  rats 
and  a  campaign  against  insanitation  should  be 
urged.  The  importance  of  early  notification, 
both  from  the  patient's  and  the  public's  point 
of  view,  should  be  represented,  together  with 
the  advisability  of  seeking  early  medical  assist- 
ance in  suspicious  cases. 

(b)  Preventive  inoculation  by  Haffkine\  pro- 
phylactic must  be  prominently  laid  before  the 
public.  Its  acceptance  will  largely  depend  on 
the  confidence  with  which  the  people  regard 
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the  medical  officer  who  advises  it,  and  also  upon 
the  light  in  which  people  regard  vaccines.  We 
are  compelled  to  admit  that  this  prophylactic  is 
less  preventive  against  plague  than  vaccination 
is  against  smallpox,  but  the  extent  and  virulence 
of  the  epidemic  may  be  sufficient  to  overcome 
conscientious  objection.  Persons  exposed  to 
infection  by  living  or  working  in  infected 
localities  should  be  specially  urged  to  protect 
themselves  by  inoculation.  The  statement  of 
the  Indian  Plague  Commission  already  quoted 
should  be  made  public,  or  some  such  notice  as 
the  following  should  be  widely  distributed  : — 

"  Plague  Preventive  Inoculation 
"  The  public  are  strongly  urged  to  submit 
themselves  to  the  preventive  inoculation  against 
plague,  whereby  they  will  receive  a  very  great 
amount  of  protection  against  the  disease.  It 
has  been  proved  of  great  benefit  in  India, 
Australia,  and  South  Africa,  where  among  the 
small  proportion  of  the  inoculated  who  con- 
tracted plague  the  disease  has  usually  taken  a 
mild  course.  The  operation  is  followed  by  some 
feverish  disturbance  which  passes  off  in  a  few 
hours,  and  by  some  swelling  of  the  upper  part 
of  the  arm,  which  should  be  kept  at  rest  for  a 
day  or  two.  Persons  may  be  inoculated  by  their 
own  medical  attendant,  or  at  the  following  places 
by  the  officers  provided  for  the  purpose.  ..." 

(c)  Sanitation. — A  general  campaign  must  be 
conducted  against  insanitary  conditions,  espe- 
cially against  those  likely  to  encourage  the 
presence  of  rats  near  houses.  Overcrowding 
should  be  abated  as  far  as  possible,  and  filthy 
houses  cleansed.  Special  attention  should  be 
devoted  to  such  occupations  as  rag  picking,  old 
clothes  selling,  and  the  like.  The  exportation 
of  rags  must  be  prohibited. 

(d)  Medical  Supervision  of  Contacts.  —  In 
some  places  it  has  been  customary  to  remove 
contacts  from  their  houses,  and  to  place  them 
in  an  enclosure  under  a  guard  for  ten  or  twelve 
days.  During  this  period  they  are  daily  in- 
spected by  a  medical  officer,  and  are  not  allowed 
to  mix  with  the  outer  world.  This  system  has 
been  adopted,  not  only  among  natives,  where  it 
is  often  inevitable,  but  also  in  the  cases  of 
Europeans.  It  imposes  great  hardships  in 
many  instances,  and  is  not  a  reasonable  plague 
preventive  measure  where  it  can  be  avoided. 
The  idea  is  to  daily  inspect  every  person  who 
has  been  exposed  to  plague  infection  until  the 
expiration  of  a  liberal  incubative  period.  Pro- 
vided these  persons  have  been  compelled  to 
evacuate  their  houses  till  these  have  been  dis- 
infected, and  provided  the  clothes  they  are 
wearing  are  also  disinfected,  I  can  see  no  objec- 
tion to  their  mixing  with  the  outer  world  during 
the  period  they  are  under  observation.  The 
only  necessity  is  that  they  should  not  evade 
medical  inspection,  and  this  could  be  easily 


guaranteed  upon  their  own  undertaking,  in  the 
case  of  the  respectable,  and  others  should  be 
asked  to  find  some  surety  for  their  appearance 
at  the  daily  inspection.  In  this  way  a  man 
goes  to  work  from  the  reception  house  to  which 
he  has  been  removed,  and  his  mode  of  life  is  as 
little  inconvenienced  as  possible.  There  is  a 
difficulty  in  carrying  out  such  a  sclieme  among 
native  races,  but  every  effort  should  be  made  to 
avoid  compulsory  segregation  of  contacts,  which 
has  been  one  of  the  great  sources  of  public 
opposition  to  plague  measures. 

(e)  Evacuation  of  Infected  Premises.  —  All 
premises,  ivhetlier  infected  by  rat  or  man,  should 
be  forthwith  evacuated  and  disinfected.  A 
camp  of  tents  or  other  dwellings  should  be  pro- 
vided, into  which  the  inhabitants  of  blocks  of 
buildings  should  be  sent  while  their  houses  are 
being  disinfected.  Contacts  of  cases  should  be 
sent  to  reception  houses  or  camps  of  this  nature 
and  daily  inspected.  It  is  essential  to  remove 
every  plague  case,  except  those  who  are  practi- 
cally moribund,  to  hospital. 

(/)  Disinfection;  Disinfection  of  Infected 
Premises. — Infected  premises,  being  defined  as 
those  infected  by  man  or  rats,  must  after 
evacuation  be  disinfected.  This  cannot  be  done 
whilst  the  people  are  in  their  houses.  They 
can  be  despatched  to  the  reception  house  to 
undergo  personal  disinfection,  and  remain  there 
or  with  friends  till  their  houses  are  ready  for 
them.  After  removal  of  the  case  and  contacts, 
the  house  should  be  taken  in  charge  by  the 
plague  authorities  and  locked  till  the  disinfect- 
ing gang  arrive.  It  should  then  be  subjected  to 
fumigation  by  burning  sulphur,  liquefied  SO.^, 
or  by  some  efficient  type  of  formalin  lamp. 
After  twelve  hours  the  house  should  be  opened, 
and  after  an  inventory  is  taken,  the  interior  of 
the  dwelling  cleansed  by  washing  and  spraying 
the  walls  and  ceilings  with  2  per  cent  formalin 
solution  or  corrosive  sublimate.  A  useful  stock 
solution  is — Corrosive  sublimate,  4  oz. ;  hydro- 
chloric acid,  1  pint ;  water  to  1  Winchester 
quart ;  colour  with  litmus.  For  use,  add  half 
a  bottle  to  6  gallons  of  water,  or  8  fluid  oz. 
to  1  gallon  of  water.  This  must  be  mixed  in 
wooden  vessels.  The  furniture  should  be 
sprayed  with  the  2  per  cent  formalin  solution. 

A  certain  number  of  articles,  such  as  filthy 
rags  and  blankets,  must  be  burnt,  and  such 
things  as  bedding,  clothes,  etc.,  sent  to  the  steam 
disinfector.  After  the  house  is  disinfected  it 
must  be  exposed  to  the  influence  of  sunlight 
and  fresh  air.  The  point  in  which  the  disinfec- 
tion of  a  plague  house  differs  from  that  of  any 
other  infective  disease  is  that  it  is  absolutely 
necessary  to  remove  all  floor,  skirtings,  false 
ceilings,  and  so  on,  if  there  are  any  signs  of  rats 
about  the  house.  This  causes  considerable 
expense  and  takes  time,  but  it  has  to  be  done 
thoroughly.  Any  dead  rats  found  must  be  at 
once  cremated,  and  the  infected  area  saturated 
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with  disinfectants,  such  as  Jeye's  fluid  (2  oz.  to 
1  gallon  of  water).  Rat  runs  must  be  followed, 
dug  up,  and  obliterated.  Broken  glass,  tar,  and 
crude  carbolic  acid  (Calvert's  No.  4)  are  useful 
in  this  connection.  Basements  of  houses,  and 
the  floors  of  stores  of  grain  and  forage,  should 
be  concreted  and  made  as  rat-proof  as  possible. 

All  out-buildings,  cellars,  etc.,  should  be  lime- 
washed  (unslaked  lime,  J  lb.  to  3  gallons  of 
water),  and  the  opportunity  should  be  seized  of 
requesting  the  landlord,  or  by  serving  him  with 
the  proper  notices,  to  make  any  necessary  altera- 
tions to  the  house  to  put  it  in  a  satisfactory 
sanitary  condition. 

As  regards  disinfection  of  native  huts  in 
South  Africa,  India,  and  elsewhere,  mud  floors 
should  be  disinfected  with  phenyle  (1  to  50)  or 
acid  corrosive  sublimate  (HgCIg  1  part,  strong 
HCl  2  parts,  water  to  500  parts).  In  many 
cases  it  is  possible  to  burn  down  the  huts. 
Impermeable  floors  should  be  disinfected  with 
phenyle  (1  to  100)  or  acid  perchloride  of 
mercury  (1  to  1000). 

Disinfection  of  clothes  must  be  effected  by 
steam  where  possible,  or  by  destroying  them  by 
fire  if  worthless.  If  this  cannot  be  done  they 
should  be  fumigated,  boiled,  immersed  in  dis- 
infectants, exposed  to  simlight,  or  disinfected 
by  the  best  method  available. 

Disinfection  of  ships  is  best  effected  by 
sulphur  fumigation,  as  described  under  "de- 
struction of  rats  on  board  ship"  (p.  129).  In- 
fected quarters  should  be  fumigated,  and  the 
woodwork  washed  down  with  acid  corrosive 
sublimate  solution,  the  bedding,  etc.,  being  re- 
moved, if  possible,  to  a  steam  disinfector. 

Disposal  of  the  Dead. — If  death  occurs  at 
home,  the  body  must  be  at  once  handed  over  to 
the  plague  authorities,  wrapped  by  them  in  a 
sheet  soaked  in  corrosive  sublimate,  placed  in  a 
coffin,  screwed  down,  and  conveyed  to  the  place 
of  burial,  which  must  be  adjacent  to  the  plague 
hospital.  Wakes  nnist  be  strictly  prohibited, 
and  the  aid  of  the  Roman  Catholic  clergy  should 
be  sought  for  this  purpose.  Cremation,  when 
possible,  should  be  employed. 

Disposal  of  Excreta  and  Discharges. — These 
should  be  received  into  5  per  cent  carbolic  acid 
solution  and  disposed  of  by  burning  in  an  in- 
cinerator, or  by  heating  them  to  100°  C.  in  a 
large  iron  pot.  After  complete  chemical  disin- 
fection they  may  be  disposed  of  by  burial  or  by 
the  sewerage  system. 

{g)  Inspection  of  Travellers  hy  Rail. — This 
has  been  conducted  in  many  places  abroad,  and 
no  one  has  been  permitted  to  travel  imtil  they 
had  received  a  certificate  that  they  presented 
no  signs  of  plague.  It  has  prevented  many 
infected  natives  in  India  from  travelling.  In 
this  country  some  system  of  notification  of 
departure  from  an  infected  locality  might 
perhaps  be  usefully  employed,  and  sent  to  the 
local  authority  at  the  passenger's  destination. 


(3)  Destruction  of  Bats. — (a)  On  land  ; 
(b)  On  board  ship. 

(a)  On  Land. — ^The  various  methods  of  clear- 
ing premises  of  rats,  such  as  employing  pro- 
fessional rat-catchers  with  ferrets  and  dogs,  or 
laying  down  poison  and  traps,  must  be  adopted. 
It  must  be  remembered  that  ferrets  are  liable 
to  contract  plague.  Keeping  a  mongoose  on 
the  premises  has  been  highly  recommended, 
especially  in  places  where  the  mongoose  cannot 
readily  escape.  Poisoned  rats  cause  a  certain 
amount  of  nuisance,  but  the  smell  can  be  traced, 
and  by  taking  up  the  floors  and  so  forth  their 
haunts  can  be  discovered  and  the  rat  runs 
obliterated.  When  premises  have  been  cleared 
of  rats  the  necessary  steps  must  be  taken  to 
prevent  them  gaining  entrance  again,  by  stop- 
ping up  or  wiring  any  apertures  which  might 
serve  as  a  run,  and  by  concreting  where  neces- 
sary, especially  in  stores  and  basements.  Doors 
must  be  made  to  fit  accurately,  and  to  be  bound 
in  iron  at  the  bottom  if  possible,  to  prevent 
rats  gnawing  their  road  in.  The  process  there- 
fore consists  of  two  actions  :  (1)  a  simultaneous 
campaign  against  rats  all  over  a  town ;  (2) 
making  premises  rat-proof,  after  they  have  been 
cleared  of  rodents.  Unless  the  public  take  the 
matter  up  little  can  be  done. 

Danysz's  Method. — J.  Danysz,  chef  de  labora- 
toire  a  I'lnstitut  Pasteur,  has  exalted  the 
virulence  of  an  organism  of  the  coli  group, 
which,  under  certain  conditions,  causes  among 
rats  and  mice  an  epidemic  disease  which  is  not 
transmissible  to  man.  This  organism,  morpho- 
logically identical  with  the  Bacillus  typhi  murium 
(Loffler)  and  with  Gaetner's  bacillus,  can  be 
made  pathogenic  for  all  varieties  of  rats  with 
some  difficulty.  Danysz  has  described  the 
method  by  which  he  has  done  this  in  the 
Annales  de  I'lnstitut  Pasteur  for  April  1 900,  one 
feature  being  the  growth  of  the  culture  in  col- 
lodion capsules  in  the  peritoneal  cavity  of  the 
species  of  rat  whose  extermination  is  being 
sought.  The  practical  application  of  Danysz's 
virus  is  to  spread  growths  of  the  bacillus  on 
bread  and  to  place  it  where  rats  frequent.  An 
epidemic  is  claimed  to  be  set  up,  which,  after 
tlaree  or  four  passages  through  these  rodents, 
finally  dies  out.  The  method  has  its  limitations, 
and  has  been  of  little  value  in  some  places  where 
it  has  been  employed.  Danysz  recommends 
that  it  should  be  used  in  spring  and  autumn, 
so  that  the  young  rats,  which  are  more  suscep- 
tible, should  be  destroyed.  It  is  also  important 
to  keep  on  laying  down  fresh  cultures  to  replace 
those  whose  virulence  has  died  out.  Danysz 
is  of  opinion  that  by  systematic  attack  for  a 
season  or  two  on  the  young  susceptible  rats 
the  complete  extirpation  of  these  animals  may 
be  secured.  Klein  and  Williams,  working  on 
this  bacillus  both  in  the  laboratory  and  on  a 
large  scale,  arrived  at  negative  conclusions  as 
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to  its  value  {Lancet,  Aug.  17,  1901).  The 
method  is  far  from  being  perfected  or  certain 
in  operation,  and  much  further  laboratory  re- 
search is  necessary,  coupled  with  experiments 
on  a  large  scale.  It  would  seem  to  be  necessary 
to  exalt  the  virulence  of  the  organism  locally, 
by  experiment,  so  that  it  should  become  capable 
of  destroying  the  race  of  rats  which  infest  the 
neighbourhood  in  which  it  has  to  be  employed. 

(b)  On  board  ship  rats  can  only  be  destroyed 
to  any  great  extent  when  the  vessel  is  empty. 
Then  by  sulphur  fumigation  of  the  compart- 
ments a  great  proportion  of  the  rats  can  be 
destroyed.  In  Australia  there  is  an  inter- 
colonial agreement  under  which  vessels  are 
compelled  to  produce  a  certificate  of  fumigation 
given  by  officials  provided  for  the  purpose,  and 
without  which  they  are  liable  to  detention. 
This  method  is  stated  not  to  unduly  interfere 
with  trade,  and  to  be  in  practice  not  difficult 
to  secure.  This  answers  some  of  the  great 
objections  to  the  compulsory  destruction  of 
ship  rats.  It  is  obvious  that  the  only  way  to 
prevent  plague  rats  gaining  access  to  an  unin- 
fected port  is  to  destroy,  systematically,  rats, 
healthy  or  otherwise,  on  board  every  ship,  as 
far  as  possible.  It  is  further  necessary,  if  the 
ship  is  to  be  kept  rat  free,  or  as  nearly  so  as 
possible,  to  keep  the  vessel  moored  some  distance 
off  the  dock,  to  hoist  in  gangways  at  night, 
and  to  provide  guards  on  the  ropes  and  hawsers, 
and  by  tarring  them,  to  prevent  communication 
of  ship  and  shore  rats.  It  is  of  importance  to 
recognise  that  rats  enter  and  leave  ships  in 
cargo  such  as  forage  and  skeleton  crates,  even 
when  the  vessel  is  lying  out  some  way  from  the 
shore,  and  cargo  is  brought  off  in  lighters,  so 
that  fumigation  of  the  vessel  when  empty  is 
necessary  at  the  end  of  each  voyage. 

The  generation  of  CO2  in  the  holds  of  ships 
has  been  advocated,  but  from  the  lack  of  pene- 
trating power  of  this  heavy  gas  the  method 
has  not  attained  much  success.  The  method 
of  sulphur  disinfection  which  appears  to  work 
best  in  practice  is  that  produced  by  the  Clayton 
machine  (of  the  Clayton  Fire  Extinguishing 
and  Ventilation  Company),  which  consists  of  a 
special  apparatus.  It  drives  the  gas  produced 
by  the  combustion  of  sulphur  into  the  lower 
parts  of  the  holds  of  ships,  made  as  nearly  air- 
tight as  possible,  while  air  is  extracted  from 
the  upper  part  till  the  whole  of  the  air  space 
contains  about  10  per  cent  SO2.  The  air  ex- 
tracted is  passed  over  the  heated  sulphur  in 
the  furnace.  The  apparatus  may  be  placed  on 
deck  or  on  a  barge  alongside,  so  there  is  no 
danger  of  causing  a  fire  in  the  hold.  The 
quantity  of  sulphur  used  is  1  lb.  per  400  cubic 
feet  of  space,  and  the  cost  is  about  20s.  per  100 
tons  gross  VQgistev  {Public  Health,  March  1902). 
This  "  Clayton  gas  "  appears  to  owe  a  consider- 
able amount  of  its  efficiency  to  the  presence  of 
some  SO3  which  is  formed,  in  addition  to  the 
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SO2,  by  the  high  temperature  in  the  furnace. 
The  results  obtained  are  vastly  superior  to 
those  involving  the  use  of  pure  SO.,.  It  is 
stated  that  less  than  5  per  cent  Clayton  gas  is 
as  sufficient  as  15  per  cent  pure  SO2  in  its 
power  of  destroying  rats  and  other  vermin. 
The  Clayton  gas  has,  it  is  said,  no  appreciable 
action  upon  coloured  materials,  food-stuffs, 
paints,  or  dry  metals,  except  in  a  moist  atmo- 
sphere. Further,  8  per  cent  of  this  gas  is  stated 
to  rapidly  extinguish  burning  materials.  At 
Cardiff  recently  it  was  found  that  by  this 
method  rats  placed  in  cages  at  the  bottom  of 
the  hold  were  killed  almost  immediately,  and 
those  about  6  feet  below  the  level  of  the  deck 
within  three  hours'  exposure.  As  far  as  dis- 
infection went,  liquid  cultures  of  plague,  cholera, 
and  typhoid,  soaked  in  strips  of  fabric  were 
killed  after  an  exposure  of  twelve  hours,  but 
anthrax  and  one  of  three  cultures  of  staphylo- 
coccus pyogenes  aureus  remained  alive  {Lancet, 
June  21  and  July  19,  1902). 

(4)  Measures  Employed  in  excluding  Plague 
from  a  Country. 

{a)  International  Notification. — This  is  done 
among  the  signatories  of  the  Venice  Convention 
of  1897,  which  includes  the  leading  European 
powers,  but  does  not  include  Portugal,  Servia, 
Turkey,  and  Greece.  Notification  takes  place 
upon  the  occurrence  of  epidemic  plague  in  man, 
but  no  steps  are  taken  upon  the  outbreak  of 
the  disease  in  rats,  an  omission  of  considerable 
importance  in  the  light  of  our  present  knowledge. 

{b)  Arrest  of  Infected  Persons  and  Things. — 
Under  the  cholera,  yellow  fever,  and  plague 
order  of  the  L.G.B.  (England)  1896,  and  of  the 
L.G.B.  (Scotland)  1898,  all  vessels  from  infected 
ports  are  boarded  by  the  port  M.O.H.  on  arrival 
in  this  country,  and  the  crews  and  passengers  are 
medically  inspected.  If  all  are  well  on  board, 
or  no  suspicious  case  or  death  has  occurred  on 
the  voyage,  the  vessel  is  then  at  liberty  to  land 
cargo  and  passengers.  If  it  is  infected,  the 
vessel  is  required  to  be  moored  at  a  certain 
fixed  place,  and  the  cases  or  "suspects"  re- 
moved to  hospital.  It  is  to  be  noted  that  a 
"  suspect  "  cannot  be  detained  longer  than  two 
days,  unless  a  definite  diagnosis  of  plague  is 
arrived  at.  In  some  cases  this  is  too  short  a 
time  to  arrive  at  a  definite  diagnosis.  The 
other  persons  on  the  vessel  are  allowed  to  land 
after  furnishing  their  names  and  addresses,  this 
information  being  forwarded  to  the  respective 
sanitary  authorities  at  the  destinations.  Cloth- 
ing likely  to  have  been  infected,  and  the  in- 
fected parts  of  the  ship,  are  disinfected  under 
the  orders  of  the  M.O.H.  Where  a  ship  is  not 
ascertained  or  certified  to  be  infected,  but  has 
passengers  on  board  who  are  in  a  filthy  or  other- 
wise unwholesome  condition,  or  has  come  from 
an  infected  place,  the  M.O.H.  may,  if  in  his 
opinion  it  is  desirable,  give  a  certificate  that 
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these  persons  be  not  allowed  to  land  till  they 
have  satisfied  him  as  to  their  names,  places  of 
destination,  and  addresses  at  such  places.  The 
M.O.H.  has  therefore  power  to  detain  such 
persons  for  inquiries,  and  part  of  such  time 
must  be  utilised  in  cleansing  their  persons  and 
possessions. 

(c)  Destruction  of  Rats  afloat. — The  import- 
ance of  this  measure,  and  the  way  in  which  it 
may  be  done,  has  been  already  referred  to. 
The  Local  Government  Board  of  England  have 
issued  a  special  memorandum  on  ship-borne 
plague  and  rats,  dated  April  1901,  advising 
local  authorities  to  destroy  rats  in  infected  and 
suspected  ships,  to  keep  them  moored  off  the 
shore,  and  to  take  the  same  precautions  in  case 
of  rat  mortality  in  vessels  from  infected  ports. 
They  also  advise  disinfection  of  ships  with 
infected  rats,  and  that  the  destruction  of  all 
rats  on  ships  and  shore  should  be  attempted. 
This  memorandum  is  of  the  nature  of  advice 
rather  than  a  regulation. 

In  Bristol  and  other  large  ports  the  following 
methods  are  in  use  : — 

(1)  A  list  of  infected  ports  is  prepared  by  the 
Medical  Officer  of  Health  and  kept  up  to  date. 

(2)  An  infected  port  is  kept  on  the  list  for 
three  months  after  official  clearance. 

(3)  Vessels,  especially  grain  and  cotton-seed 
boats,  from  infected  or  suspected  ports,  are 
upon  arrival  treated  as  "suspects,"  moored  six 
feet  oft'  the  shore,  with  cables  guarded  and 
gangways  up  at  night.  Day  and  night  watch- 
men are  employed  to  prevent  rats  gaining  the 
shore. 

Dr.  Davies,  in  an  article  "  Exclusion  and 
Control  of  Plague  "  {Public  Health,  March  1902), 
puts  the  matter  in  a  nutshell  when  he  states : 
"  The  present  policy  of  allowing  the  approach 
of  rat-infected  ships,  and  then  attempting  to 
prevent  the  rats  coming  ashore,  is  surely 
attacking  the  evil  at  the  wrong  end.  If 
possible,  the  obviously  correct  method  would 
be  to  insist  upon  the  destruction  of  all  rats 
in  ships  when  empty,  and  upon  the  subsequent 
observance  of  precautions  to  prevent  the  entry 
of  more  rats  when  loading  at  infected  or  other 
ports." 

Planarthragra. — Wandering  gout,  or 
gout  which  first  attacks  one  and  then  another  of 
the  joints  (Gr.  7rA.am(o,  I  wander,  apOpov,  a  joint, 
and  aypa,  a  catching  or  seizure).    See  Gout. 

Plane. — A  flat  smooth  surface  (e.g.  the 
inclined  planes  of  the  pelvis),  or,  more  often,  an 
imaginary  plane  surface  (i.e.  one  in  which  every 
straight  line  joining  any  two  points  in  it  lies 
wholly  in  it)  used  as  a  standard  of  reference  for 
the  positions  of  the  bodily  organs  (e.g.  the  plane 
of  the  pelvic  brim,  etc.). 

Planicipital.— Flat-headed  (Lnt.pl  anus, 
flat,  caput,  head). 


Piano-. — In  compound  words  piano-  (Lat. 
planus,  flat ;  Gr.  TrXavos,  wandering)  means 
either  flat  or  wandering  ;  e.g.  a  plano-concave  lens 
is  one  flat  on  one  side  and  concave  on  the  other, 
and  planocyte  means  a  wandering  cell. 

Planodia. — A  false  or  wandering  passage, 
such  as  may  be  made  by  a  catheter  during 
forcible  attempts  to  introduce  it  into  the 
bladder. 

Planomania.  —  A  monomania  for 
wandering,  usually  combined  with  a  tendency 
to  become  unsocial  in  habits. 

Plantar.— Relating  to  the  sole  of  the  foot 
(Lat.  planta,  the  sole),  e.g.  the  plantar  arch, 
artery,  reflex,  or  fascia.  See  Ankle-Joint, 
Kegion  of.  Diseases  {Gonorrhoeal  Affections, 
Plantar  Neuralgia) ;  Aneurysm  {Lower  Limb, 
Plantar  Arteries) ;  Deformities  {Flat  Foot) ; 
Fascia  {Contraction  of  Plantar  Fascia) ;  Osteo- 
arthropathies {Tabetic  Foot). 

PlantariS. — A  muscle  arising  near  the 
knee-joint,  and  inserted  into  the  os  calcis. 

Plant!  r  ia. — The  discharge  of  urine  through 
a  fistula  or  other  anomalous  passage. 

Plaques. — Patches,  e.g.  the  opaline  plaques 
or  white  spots  due  to  the  action  of  nitrate  of 
silver  on  mucous  surfaces,  or  the  plaques  jaunes 
(yellow  patches)  seen  on  the  cerebral  convolu- 
tions in  cases  of  thrombosis  in  elderly  persons. 
See  Syphilis  {Secondary  Mucous  Membranes) ; 
Brain,  Affections  of  Blood- Vessels  {Throm- 
bosis). 

Plasma. — The  blood  or  lymph  withoiit 
the  corpuscles  belonging  thereto.  See  Blood 
{Plasma  and  Serum) ;  Physiology,  Blood  and 
Lymph  {Plasma).  The  plasma  is  the  blood 
minus  the  corpuscles,  and  the  serum  is  the 
plasma  minus  fibrinogen.  Muscle  plasma  is  the 
juice  expressed  from  muscle.  The  germ  plasma 
or  germ  plasm  is  that  part  of  the  substance  of 
the  germ  cell  which  is  effective  in  perpetuating 
the  species ;  a  part  of  it  is  supposed  to  be 
passed  on  from  one  generation  to  another 
without  entering  into  the  formation  of  the 
organs  and  tissues  of  any  one  generation  (con- 
tinuity of  the  germ  plasm). 

PI  asm  in.  See  Immunity  {Bacterial 
Plasmin). 

Plasmodium. — A  mass  of  protoplasm 
(or  syncytium)  in  which  the  cell  outlines  have 
disappeared  (or  have  not  been  differentiated), 
leaving,  however,  the  nuclei  distinct ;  also  the 
name  given  to  the  protozoan  parasite  of  malaria. 
See  Physiology,  Protoplasm  {Structv/re). 

PlasmOg'en. — The  germ  plasm,  forma- 
tive protoplasm,  or  bioplasm. 
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Plasmon.  —  A  proprietary  preparation 
made  from  the  proteid  of  milk.  See  Invalid 
Feeding  {Milk). 

PlasmotropiC  Action.— Blood  de- 
struction or  degeneration  due  to  the  action  of 
poisons,  e.g.  the  blood  derivatives  absorbed  from 
the  intestine  in  ankylostomiasis. 

Pla.SSOn. — The  protoplasm  of  the  non- 
nucleated  cell  in  which  no  cell  wall  has  de- 
veloped ;  undifferentiated  protoplasm. 

Plaster. — In  Pharmacy  a  plaster  (or 
plaister)  consists  of  a  solid  or  semi-solid  ad- 
hesive substance  spread  upon  a  piece  of  muslin 
or  skin ;  it  is  used  as  a  means  of  applying 
medicines  to  the  skin,  of  supporting  underlying 
parts,  or  of  closing  wounds.  See  Jacket, 
Plaster  ;  Plaster  of  Paris  ;  etc. 

Plaster  of  Paris. — A  white  plaster 
consisting  of  gypsum  (sulphate  of  lime),  which, 
when  mixed  with  water,  swells  and  quickly 
sets ;  it  is  used  for  taking  casts  and  for  forming 
a  casing  to  keep  injured  parts  (fractured  or  dis- 
located limbs)  immobile  ;  it  is  so  named  because 
the  gypsum  used  to  be  obtained  near  Mont- 
martre,  Paris.  See  Bandages  {Fixed) ;  Spine, 
Surgical  Affections  of  {Spinal  Caries,  Treat- 
ment). 

Plastic. — In  Surgery  plastic  means  re- 
parative, e.g.  a  plastic  operation  {i.e.  one  for 
the  repair  of  injured  or  destroyed  parts) ;  in 
Pathology  it  means  formative  or  capable  of 
being  organised,  e.g.  plastic  lymph,  plastic  bron- 
chitis ;  in  both  meanings  the  root  is  the  same, 
viz.  Gr.  7rXa(T(TiLv,  to  mould  or  form.  See 
Bronchi,  Bronchitis  {Clinical  Varieties,  Plas- 
tic) ;  Nerves,  Peripheral  {Injuries,  Treatment) ; 
Palate  {Cleft,  Treatment) ;  Skin  Grafting  and 
Allied  Procedures. 

Plasticine.— A  proprietary  preparation 
which  can  be  easily  moulded  or  modelled ;  it 
can  be  used  for  teaching  purposes  in  Anatomy 
and  Surgery,  etc. 

Plastid  and  Plastidule.— A  small 

mass  of  protoplasm ;  the  unit  or  ultimate  par- 
ticle of  living  matter  (hypothetical). 

Plastin.  —  The  chief  proteid  of  proto- 
plasm ;  it  contains  phosphorus. 

PlastoprolepsiS.  — Premature  de- 
velopment of  a  part. 

Plastron.  —  The  sternum  with  the  at- 
tached costal  cartilages  as  it  is  separated  and 
raised  from  the  chest  in  making  a  post-mortem 
examination. 

Plate. — A  flattened  structure,  such  as  a 
thin  layer  of  bone  {e.g.  the  orbital  plate  of  the 


frontal  bone)  or  of  forming  substance  {e.g.  the 
mesoblastic  plates  of  Embryology). 

Platelet. — A  small  plate,  e.g.  the  circular 
or  oval  bodies  found  in  the  blood,  which  are 
about  one-thii-d  the  diameter  of  the  red  cor- 
puscles.    See  Physiology,  Blood  and  Lymph 

{Cells  of  Blood,  Platelets). 

PlathelminthS.  —  Flat- worms.  See 
Parasites  {Helminths,  Plathelminths). 

PlatiCUlture.  —  The   development  of 

bacteria  on  plates. 

PlatodeS.     See   Parasites  {Helminths, 

Plathelminths). 

Platy-. — In  compound  words  platy-  (Gr. 
TrXarvs,  broad)  has  the  meaning  of  flat  or  broad, 
e.g.  platystomous  (having  a  broad  mouth)  and 
platyurous  (having  a  flat  tail). 

Platycephalic  —  Having  a  broad  or 
flat  head ;  having  a  cranium  with  a  vertical 
index  of  less  than  70. 

PlatycnemiC.  —  Having  a  broad  or 
flattened  tibia  (Gr.  kv-i^/jlt],  the  tibia). 

Platy hieriC. — Having  a  broad  sacrum 
(Gr.  lepov,  the  sacrum)  or  one  with  an  index 
exceeding  100.  (The  index  is  got  by  multiply- 
ing the  breadth  by  100  and  dividing  by  the 
height.) 

P I  aty  m  esat  i  ce  p  h  al  i  c.  —  Having  a 

head  which  is  both  platycephalic  and  mesati- 
cephalic. 

Platypel lie— Having  a  flat  pelvis,  e.g. 
one  with  a  brim-index  under  85°  (Gr.  Tre'AAa,  a 
wooden  bowl). 

PlatypygO*^S- — Having  broad  buttocks 
(Gr.  TTvyi],  the  buttocks  or  rump). 

Platyrrhine. — Having  the  nose  broad 
and  flat,  the  nasal  index  being  from  51  to 
58  ;  also  the  name  applied  to  the  apes  of  the 
New  World,  which  have  the  nostrils  wide  apart 
and  the  thumbs  non-opposable  or  nearly  so. 

Platysma.  —  A  thin,  broad  layer  of 
muscle  found  immediately  below  the  skin  of 
the  neck  in  the  human  subject;  it  represents 
the  panniculus  carnosus  of  animals. 

Playfair  Treatment.  See  Neuras- 
thenia {Treatment,  Weir-Mitchell  Method). 

Plenum  System.— A  propulsion  sys- 
tem of  ventilation.  See  Ventilation  and  Warm- 
ing {Plenum  System). 

PleO-  or  PleiO". — in  compound  words 
pleo-  or  pleio-  (Gr.  ttX^lov,  more)  has  the  meaning 
of  "more  than  one,"  e.g.  pleiomastia  and  pleio- 
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mazia  (having  more  than  the  normal  number  of 
breasts  or  of  nipples). 

Pleomorphic. — Having  more  than  one 
form,  e.g.  certain  bacteria  or  fungi  which  have 
different  forms  at  different  ages. 

Pleonexia.. — Selfishness,  greed,  or  avarice 
as  a  symptom  of  insanity  (Gr.  irXeoviKTrj^,  one 
who  claims  more  than  his  share). 

PleonotuS. — The  type  of  malformation 
in  which  an  accessory  auricle  is  found  on  the 
neck ;  cervical  auricle. 

Plethora,. — A  morbid  state  in  which  the 
body  or  a  part  of  it  is  believed  to  be  abnormally 
full  of  blood  or  of  some  other  humour  (Gr. 
7r\7)9wpr],  fulness) ;  in  modern  usage  it  means 
an  excess  of  red  corpuscles  in  the  blood,  or 
polycythcemia. 

Plethysmograph.  —  An  instrument 
for  measuring  changes  in  the  volume  of  a  part 
of  the  body  caused  by  variations  in  the  amount 
of  blood  contained  therein,  etc. ;  it  was  invented 
by  Mosso  of  Turin  about  1870.  See  Physi- 
ology, Circulation  (Mean  Blood  Pressure, 
Plethy  sinograph). 


Pleura,  Diseases  of. 

Anatomy  of  the  Pleura 
Pathology  and  Bacteriology  of  Diseases 

OF  the  Pleura  . 
Acute  Pleurisy — 

(a)  jEtiology  . 

(b)  Clinical  History 

(c)  Physical  Signs  . 

(d)  Complications 

(e)  Differential  Diagnosis 
if)  Prognosis  . 
(g)  Treatment  . 

Pleurisy  in  Children  . 
Varieties  of  Pleurisy  . 
Empyema 
Hydrothorax 
hemothorax  . 
Pneumothorax 
Malignant  Disease 
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See  also  Aspirator,  Uses  of  (Diagnostic  and 
Therapeutic);  Brain,  Affections  op  Blood- 
vessels (Thrombosis,  Simple,  after  Pleurisy) ; 
Bronchi,  Bronchial  Glands  (Diagnosis); 
Bronchi,  Bronchitis  (Diagnosis,  Pleurisy) ; 
Burns  and  Scalds  (Clinical  Features,  Sequelae) ; 
Chest,  Injuries  op  ( Wounds  of  Pleura) ;  Chest- 
Wall,  Affections  of  (Pain,  Pleurodynia); 
Diaphragm,  Medical  Affections;  Diaphragm, 
Surgical  Affections  (Inflammatory);  Fluids, 
Examination  of  Pathological  (Pleural  Fluid, 
Bacteriology)  ;  Heart,  Myocardium  and  Endo- 
cardium (Symptomatology,  Pulmonary  Condi- 
tions) ;  Herpes  (Diagnosis) ;  Hiccough  (Eti- 
ology, Pleurisy) ;  Hydatid  Disease  (Pulmonary 


Echinococci) ;  Hysteria  (Sensory  Disorders, 
Hyperoesthesia) ;  Liver,  Diseases  of  (Cirrhosis, 
Diagnosis) ;  Liver,  Perihepatitis  (Diagnosis) ; 
Liver,  Tropical  Abscess  (Pain,  Diagnosis) ; 
Liver,  Hydatids  of  (Rupture  into  Pleural 
Cavity) ;  Lung,  Tuberculosis  of  (Precedent 
Illness,  Pathological  Anatomy) ;  Mediastinum 
(Chronic  Mediastinitis  and  Growths,  Diagnosis); 
Nephritis  (Clinical  Feattires  and  Diagnosis) ; 
Ovaries,  Diseases  of  (Tumours,  Complications); 
Peritoneum,  Peritonitis,  Acute  (Diagnosis) ; 
Peritoneum,  Tuberculous  Peritonitis  (Compli- 
cations); Pneumonia,  Clinical  (Complications); 
Pregnancy,  Affections  and  Complications 
(Pulmonary  Disturbances,  Pleurisy) ;  Rheum- 
atism, Acute  {Respiratory  Affections) ;  Rheum- 
atism IN  Children  (Symptoms,  Pleurisy) ;  Small- 
pox (Co7nplications) ;  Spine,  Surgical  Affec- 
tions OF  (Spinal  Caries,  Diagnosis) ;  Syphilis 
(Secondary,  Pleurisy) ;  Tabes  Dorsalis  (Sensory 
Symptoms,  Lightning  Pains,  Diagnosis);  Tuber- 
culosis (Broncho-Pneumonic,  Pleurisy) ;  Typhoid 
Fever  (Symptoms,  Pleuro  -  typhoid,  Complica- 
tions) ;  Visceral  Pain  (Pleurisy). 

Anatomy. — The  pleurte  are  two  independent 
serous  sacs  which  do  not  communicate  with 
each  other.  Each  sac  consists  of  twD  layers — a 
visceral  layer  and  a  parietal  layer — the  former  of 
which  completely  invests  the  corresponding  lung, 
including  the  sulci  between  the  lobes,  while  the 
latter  lines  the  ribs  and  intercostal  spaces,  in- 
vests the  upper  surface  of  the  diaphragm,  takes 
part  in  the  formation  of  the  mediastinum,  and 
is  continued  through  the  upper  aperture  of  the 
thorax  into  the  neck.  The  two  layers  of  the 
pleura  move  freely  upon  each  other  in  health. 
In  disease  these  movements  are  impeded  or 
rendered  painful.  The  two  layers  of  the  pleura 
are  continuous  with  each  other  at  the  root  of 
each  lung,  and  also  by  means  of  the  ligamentum 
latum  pulmonis,  a  short  double  layer  of  serous 
membrane  which  occupies  the  interval  between 
the  root  of  the  lung  and  the  diaphragm.  The 
shape  of  the  pleurse  is  not  the  same  on  the  two 
sides,  being  determined  by  that  of  the  cor- 
responding lung.  Inferiorly  the  lungs  do  not 
completely  fill  the  thoracic  cavity,  except  in 
exceptional  cases  of  extreme  inspiratory  effort. 

Only  the  relations  of  the  pleurae  which  are  of 
clinical  importance  can  be  here  considered. 
The  height  to  which  the  pleurse  rise  in  the 
neck  shows  considerable  variations.  From  half 
an  inch  to  an  inch  and  a  half  above  the  clavicle 
may  be  taken  to  represent  the  usual  limits  of 
this  variation.  In  front  the  pleurfe  of  the 
opposite  sides  are  in  contact  behind  the  body  of 
the  sternum,  but  the  line  of  reflection  is  not 
constant.  It  is  usually  behind  either  the  body 
of  the  sternum  or  its  left  edge.  Inferiorly  the 
relations  of  the  pleurje  to  the  diaphragm  are  of 
great  clinical  importance.  According  to  Quain, 
"the  lower  border  of  the  costal  pleura  is  re- 
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fleeted  on  to  the  diaphragm,  opposite  a  line 
passing  from  the  lower  end  of  the  sternum  out- 
wards behind  the  seventh  costal  cartilage,  nearly 
as  far  as  its  rib  ;  here  it  leaves  the  seventh  car- 
tilage, and,  continuing  to  pass  obliquely  down- 
wards and  backwards,  crosses  the  eighth,  ninth, 
tenth,  and  eleventh  ribs,  and  reaches  the  twelfth 
rib  near  its  vertebral  end."  Others  place  the 
inferior  limit  of  the  pleurse  in  front,  at  the  level 
of  the  sixth  intercostal  cartilage  or  the  sixth 
intercostal  space.  In  the  mid-axillary  line  the 
lower  limit  of  the  pleurse  is  from  two  to  three 
inches  above  the  lower  margin  of  the  thorax. 
The  inferior  limit  is  usually  lower  on  the  left 
side  than  on  the  right,  viz.  the  lower  border  of 
the  ninth  rib  on  the  right  side,  and  the  tenth 
on  the  left.  The  inferior  limit  of  the  pleurae 
posteriorly  varies  from  the  upper  border  of  the 
twelfth  rib  to  the  level  of  the  first  lumbar 
vertebra.  The  relations  of  the  pleurte  to  the 
pericardium  are  sometimes  of  clinical  import- 
ance. "The  layers  forming  the  sides  of  the 
anterior  mediastinum  pass  backwards  from  the 
sternum  to  the  pericardium  in  close  relationship 
with  one  another,  except  below,  where  a  tri- 
angular interval  is  sometimes  formed  between 
them.  At  the  front  of  the  pericardium  the  two 
layers  separate,  each  passing  round  its  own  side 
of  the  pericardium  to  the  front  of  the  root  of 
the  corresponding  lung,  where  it  becomes  con- 
tinuous with  the  visceral  pleura  "  (Quain).  The 
triangular  interval  here  mentioned  corresponds 
to  the  inner  end  of  the  fifth  left  intercostal 
space,  and  is  of  importance  inasmuch  as  this  is 
the  only  situation  in  which  paracentesis  peri- 
cardii can  be  performed  without  wounding  the 
pleura.  In  many  cases,  however,  this  space  is 
covered  by  pleura. 

Communications  by  means  of  the  lymphatic 
channels  exist  between  the  pleurae  and  the 
peritoneiun. 

Pathology. — The  pathology  of  affections  of 
the  pleura  is  at  present  in  an  unsettled  state. 
The  tendency  of  recent  investigations  has  been 
to  regard  all  pleurisies  as  toxic,  to  accentuate 
the  large  part  in  causation  which  is  played 
by  various  micro-organisms,  to  regard  most 
pleurisies  not  otherwise  obviously  accounted  for 
as  probably  tubercular,  and  to  call  in  question 
the  existence  of  the  so-called  "simple,"  "idio- 
pathic," or  "inflammatory"  pleurisy.  These 
controverted  questions  will  be  presently  con- 
sidered in  some  detail.  The  bacteriology  of  the 
disease  has  engaged  the  attention  of  a  large 
nmnber  of  observers  in  this  country,  on  the 
Continent,  and  in  America,  amongst  whom  may 
be  mentioned  Fraenkel,  Xetter,  Weichselbaum, 
Laveran,  Serafini,  Levy,  Lemoine,  Aschoff', 
Mitchell  Prudden,  Sidney  Martin,  "Washboume, 
Goldsch eider,  Jakowski,  Thue,  and  Landouzy. 
The  results  obtained  have  been  of  much  interest 
and  considerable  practical  value,  but  discrep- 
ancies appear  in  the  conclusions  of  different 


observers,  and  it  is  evident  that  finality  is  as 
yet  far  from  having  been  attained.  The  con- 
clusions of  pathology,  and  especially  of  bacteri- 
ology, must  be  subjected  to  a  rigid  criticism  and 
intei-preted  in  the  light  of  the  facts  of  clinical 
experience  before  satisfactory  views  can  be 
attained.  In  view  of  the  contradictory  results 
of  many  observers,  the  statement  of  E.  Levy 
that  "die  Aetiologie  der  Pleuritis  welche  vor 
wenigen  Jahren  noch  in  tiefes  Dunkel  gehuUt 
war,  heute  mit  Hilfe  der  bacteriologischen 
Forschujig  ein  wohlgekanntes  wohl  durchgear- 
beitetes  Gebiet  geworden  sei,"  must  be  pro- 
nounced premature.  Bacteriology  has  not  yet 
spoken  its  decisive  word  on  this  subject,  but  the 
I  path  of  probable  fruitful  progress  has  been 
clearly  indicated. 

The  changes  which  take  place  in  pleurisy  are 
!  in  many  respects  those  common  to  inflam- 
j  mations  of  serous  membranes.    The  membrane 
i  becomes  injected  and  hypereemic,  and  loses  its 
!  normal  glistening  appearance.    There  is  pro- 
:  liferation  of  the  nuclei  of  the  endothelial  cells, 
j  and  soon  a  fibrinoiis  exudation  appears  on  the 
surface  of  the  membrane  and  forms  shaggy  pro- 
j  jections  from  it.    The  process  may  stop  at  this 
j  point,  as  in  the  so-called  "dry"  pleurisy,  and 
adhesions  may  form  between  the  opposed  pleural 
I  surt'aces ;  but  in  a  large  proportion  of  cases 
j  serous  fluid  is  exuded,  and  collects  between  the 
j  layers  of  the  pleura.    This  fluid  may  consist  of 
limpid  serum,  or  of  a  more  or  less  turbid  and 
flocculent  flviid,  or  of  pus,  or  it  may  contain 
varying   quantities   of   blood.      The  quantity 
may  vary  from  a  few  ounces  to  many  pints. 
After  a  variable  period  absorption  iisually  sets 
in,  and  may  proceed  satisfactorily  until  con- 
valescence is  completed.    The  two  layers  of  the 
pleura   again  come  into  contact,  granulation 
tissue  is  formed,  and  the  two  layers  become  in 
many  cases  more  or  less  adherent,  the  pleural 
cavity  being  to  this  extent  obliterated.  The 
lung  on  the  affected  side  tends  to  collapse,  at 
first  owing  to  the    alteration  of  the  normal 
negative  pressure  in  the  pleural  cavity,  later 
in  consequence  of  the  pressure  of  the  increasing 
exudation.    It  may  become  entirely  compressed 
and  airless,  or  it  may  float  on  the  surface  of  the 
fluid.    It  tends  to  shrink  towards  its  root. 

We  shall  now  consider  the  various  kinds  of 
effusion  in  more  detail. 

A.  Serous  Effusion. — The  term  "  serous  "  is 
a  misnomer,  as  the  fluid  always  contains  fibrin. 
It  is  in  reality  a  dilute  liquor  sanguinis.  The 
colour  is  yellow  or  yellowish  green.  The  specific 
gravity  usually  exceeds  1018,  and  may  be  as 
high  as  1030,  but  may  also  be  low.  The  re- 
action is  alkaline.  The  fluid  may  be  perfectly 
limpid,  but  is  often  turbid,  owing  to  the  presence 
of  large  quantities  of  corpuscular  elements.  In 
this  latter  case  the  transition  to  pus  is  probable, 
but  perfectly  limpid  serum  rarely  becomes 
purulent.    Microscopic  examination  shows  the 
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presence  of  scattered  red  blood  corpuscles,  leu- 
cocytes, fatty  globules,  and  endothelial  cells. 
Micro-organisms  are  often  present.  Sugar  is 
always  to  be  found  in  small  quantity,  and 
sometimes  acetone  and  uric  acid.  Serous  effu- 
sions are  highly  albuminous,  proteid  material 
being  abundantly  present,  chiefly  in  the  form 
of  serum  albumin  and  globulin.  Serous  effu- 
sions coagulate  on  standing  for  a  few  hours. 
The  differentiation  of  "  serous  "  pleural  effusion 
from  passive  transudations,  due  to  cardiac  or 
renal  disease,  may  be  important.  The  dis- 
tinction is  not  always  easy,  and  may  be  very 
difficult  or  even  impossible.  The  broad  rules 
are  that  transudations  are  usually  of  lower 
specific  gravity  than  effusions,  they  exhibit  fewer 
tissue  elements,  and  coagulate  with  greater 
difficulty.  (See  "  Examination  of  Pathological 
Fluids,"  vol.  iii.  p.  300  et  seq.) 

B.  Purulent  Effusion  {Empyema). — This  type 
of  effusion  is  commoner  in  the  child  than  in  the 
adult.  It  is  often  a  sequel  of  pneumonia,  and 
seems  in  a  considerable  proportion  of  cases  the 
result  of  invasion  by  the  pneumococcus.  It 
does  not  often  supervene  upon  a  serous  effusion 
imless  that  effusion  has  from  the  oi;tset  con- 
tained a  large  proportion  of  corpuscvilar  ele- 
ments. It  may  follow  upon  repeated  tappings 
of  a  recurring  serous  effusion,  but  this  is  much 
less  frequent  than  has  been  supposed.  The  pus 
only  exceptionally  becomes  foetid. 

C.  Hmmorrhagic  Effusion.  —  The  blood  is 
mixed  in  varying  proportion  with  serum,  less 
often  with  pus.  Hfemorrhagic  pleural  effusions 
are  somewhat  rare,  but  their  importance  is  great. 
They  are  most  often  due  to  tuberculosis,  less 
often  to  scurvy,  haemophilia,  one  of  the  malignant 
exanthemata,  Bright's  disease,  cirrhosis  of  the 
liver,  or  to  cancer.  It  is  important  to  bear  in 
mind  that  the  effusion  in  tuberculosis  of  the 
pleura  is,  most  often  serous,  only  exceptionally 
purulent  or  hsemorrhagic.  In  cancer  the  effusion 
is  often  hsemorrhagic,  but  may  be  serous. 
Apart  from  tuberculosis,  cancer,  scurvy,  or 
hfemophilia,  a  hsemorrhagic  effusion  points  to  a 
state  of  profound  dyscrasia  or  to  a  virulent 
attack  of  one  of  the  exanthemata.  A  heemor- 
rhagic  effusion  in  tuberculosis  does  not  neces- 
sarily exclude  a  fairly  hopeful  outlook.  While 
hiiemorrhagic  effusions  are  distinctly  unfavour- 
able, their  prognostic  indications  vary  widely 
and  need  be  interpreted  with  caution.  Cancer 
cells  are  sometimes  present  in  a  haemorrhagic 
effusion.  According  to  von  Jaksch,  the  presence 
of  the  glycogen  reaction  in  a  marked  degree 
favours  the  suspicion  of  cancer. 

D.  A  chylous  effusion,  due  to  rupture  of  the 
thoracic  duct,  has  been  described.  It  is  ex- 
tremely rare. 

Bacteriology  of  Pleural  Effusions. — This 
subject  is  at  present  exciting  great  attention, 
and  may  be  expected  to  throw  much  light  upon 
the  pathogeny  of  pleurisy.    The  results  hitherto 


obtained  are  interesting  and  valuable,  but  in- 
conclusive. We  shall  consider  the  subject  under 
the  following  heads  : — • 

1.  In  what  proportion  of  cases  of  pleural 
effusion  are  bacteria  present  1 

2.  What  kinds  of  bacteria  are  found,  and 
what  is  their  significance 

3.  What  conclusion  is  to  be  drawn  in  cases 
where  the  effusion  is  "  sterile  "  1 

As  regards  the  first  question  we  find  divergent 
results.  Lemoine  found  28  out  of  32  cases  of 
serous  effusions  "  sterile."  Mitchell  Prudden 
found  micro-organisms  in  only  2  out  of  21  cases 
of  pleural  effusion.  Aschoflf  found  micro-organ- 
isms in  only  7  out  of  200  cases  of  serous  effusion. 
On  the  other  hand,  Thue  found  micro-organisms 
present  in  12  cases  out  of  30  in  serous  effusion, 
while  Jakowski  examined  30  cases  of  serous 
effusion  and  discovered  micro-organisms  in  all 
but  7.  It  is  needless  to  observe  that  in  cases  of 
empyema  micro-organisms  are  practically  always 
found  present. 

As  regards  the  second  question  no  constant 
results  have  been  obtained.  Lemoine  found  the 
staphylococcus  albus  in  4  cases.  He  failed  to 
find  any  micro-organisms  in  any  of  his  cases 
which  were  certainly  tubercular.  Mitchell 
Prudden  found  the  pneumococcus  present  in  2 
cases  of  serous  pleural  effusion  following  pneu- 
monia. He  examined  24  cases  of  empyema, 
and  found  that  in  "  simple "  empyema  the 
organism  most  often  present  was  the  streptococcus 
pyogenes  (7  times  out  of  8),  while  in  pneumonic 
empyema  he  found  pneumococcus  in  9  cases 
out  of  1 1 .  In  one  case  of  tubercular  empyema 
he  found  the  tubercle  bacillus  alone  present. 
Goldscheider  found  the  streptococcus  in  3  cases 
of  serous  pleurisy  which  did  not  become  purulent, 
and  the  staphylococcus  in  1  case.  Aschoff  found 
the  streptococcus  once  and  the  pneumococcus 
once  each  in  2  cases  of  serous  effusion  following 
pneumonia.  In  2  cases  of  so-called  "  idiopathic  " 
pleurisy  he  found  the  streptococcus  once  and  the 
pneumococcus  once.  In  a  case  of  exudation 
associated  with  pulmonary  gangrene  he  found 
the  streptococcus.  Jakowski  examined  48  cases 
of  exudation  in  which  micro-organisms  were 
present.  In  34  of  these  only  one  micro-organism 
was  present ;  in  10  of  these  it  was  the  strepto- 
coccus pyogenes,  in  2  the  bacillus  tuberculosis, 
in  1  the  staphylococcus  aureus ;  in  the  remaining 
14  cases  various  micro-organisms  were  associated. 
Thue  found  the  bacillus  tubercidosis  present  in 
1  case  out  of  1 2  cases  of  serous  effusion ;  in  the 
remaining  1 1  various  cocci  were  found.  In  23 
cases  of  empyema  he  foimd  the  2meumococcus  in 
14.  Netter  examined  110  cases  of  purulent 
effusion.  He  found  the  streptococcus  pyogenics 
in  51,  the  pneumococcus  in  32,  the  bacillus 
tuberculosis  in  12,  and  various  bacteria  of  putre- 
faction in  15. 

Fraenkel,  Weichselbaum,  Netter,  Serafini,  and 
others  assign  a  very  important  role  to  the 
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pneumococcus  in  the  aetiology  of  acute  pleurisy. 
Netter,  Laveran,  and  others  regard  streptococcus 
pleurisy  as  much  more  unfavourable  than  pneu- 
mococcus pleurisy.  The  rarity  of  the  bacillus 
tuberculosis,  even  in  cases  undoubtedly  tuber- 
culai",  is  noteworthy.  Gilbert  and  Lion  failed 
to  find  it  in  any  of  their  20  cases,  though  some 
of  them  were  clearly  tubercular.  According  to 
von  Jaksch,  "tubercle  bacilli  are  only  present 
when  a  discharge  of  tubercular  matter  has  taken 
place  into  the  pleural  cavity." 

As  regards  the  interpretation  of  those  cases 
of  serous  effusion  which  are  found  to  be  sterile, 
there  is  a  growing  tendency  with  bacteriologists 
to  regard  them  as  tubercular.  This  view  rests 
chiefly  on  the  results  of  inoculation  experiments. 
AschofF  injected  pleuritic  fluid  from  57  cases  of 
serous  pleurisy  into  the  abdominal  cavity  of 
guinea-pigs.  In  19  of  these  cases,  in  which  the 
exudation  occurred  in  connection  with  pneu- 
monia, rheumatism,  and  a  number  of  other  non- 
tubercular  affections,  none  of  the  guinea-pigs 
became  tubercular.  In  12  cases  of  certain 
tubercular  pleurisy  the  animals  became  tuber- 
cular in  7.  In  12  cases,  doubtfully  tubercular, 
the  animals  became  tubercular  in  9.  In  12 
cases  of  so-called  "  idiopathic "  pleurisy  tuber- 
culosis followed  the  injections  in-9.  The  author 
concludes  that  the  majority  of  cases  of  so-called 
"  idiopathic  "  pleurisy  are  tubercular.  Netter 
puts  the  proportion  of  cases  of  serous  pleurisy 
due  to  tuberculosis  at  68  per  cent,  Landouzy  at 
98  per  cent.  Germain  See  believes  that  "  so- 
called  simple  pleurisy  from  a  chill  is  only  a 
tuberculous  pleurisy,  the  nature  of  which  has 
been  misunderstood."  The  whole  subject  of  the 
relation  of  pleurisy  to  tuberculosis — one  of  the 
most  important  problems  in  practical  medicine 
which  are  still  sub  judice — can  be  considered 
more  conveniently  after  we  have  dealt  with  the 
clinical  aspects  of  the  disease.  It  must  suffice 
here  to  indicate  the  general  nature  of  the  bac- 
teriological evidence  and  the  consensus  of  opinion 
amongst  the  pathologists  that  the  connection 
between  the  two  diseases  is  an  intimate  one. 
Jakowski  sums  up  his  conclusions  on  the  entire 
subject  of  the  bacteriology  of  pleurisy  as  follows  : 
— (1)  That  all  pleurisies  depend  vipon  micro- 
organisms, though  these  are  not  always  to  be 
found ;  (2)  that  where  no  organisms  are  found 
the  case  is  probably  tubercular ;  (3)  that  primary 
genuine  pleurisy,  not  due  to  tuberculosis,  is  most 
often  due  to  the  pneumococcus ;  (4)  that  serous 
exudations  in  which  pyogenetic  cocci  are  found 
have  a  great  tendency  towards  empyema ;  (5) 
that  exudations  during  or  after  pneumonia  are 
most  often  dependent  on  Fraenkel's  diplococcus. 
It  is  evident  that  these  views  are  still  to  some 
degree  hypothetical.  See  "  Bacteriology  of 
Pneumonia,"  p.  157. 

State  of  the  Blood  in  Pleurisy. — The  blood  in 
uncomplicated  cases  of  pleurisy  does  not  show 
any  very  marked  changes.    Houston,  working 


in  Lorrain-Smith's  laboratory,  found  a  moderate 
leucocytosis  during  the  pyrexial  stage,  the  leu- 
cocytes numbering  from  8000  to  12,000  per  cm. 
This  leucocytosis  passes  off  as  the  fever  abates. 
The  same  observer  found  during  the  afebrile 
stage  the  following  averages  in  eight  cases  of 
uncomplicated  pleurisy : — 

Red  cells  .       .       .  4,100,000  per  cm. 

White  cells       .        .  8,000  „ 

Heemoglobin     .       .  78  per  cent. 
Differential  count :  — 

Polymorpho  -  nuclear 

elements       .        .  =67  per  cent. 

Small  lymphocytes    .  =28  ,, 

Large  lymphocytes    .  =2"8  ,, 

Transitional  leuco- 
cytes   .       .       .  =1'8  ,, 

Eosinophile  leuco- 
cytes    ...  =  -4  „ 

In  the  febrile  stage  the  proportion  of  poly- 
morpho-nuclear  elements  in  the  differential 
count  is  about  70  per  cent  or  more. 

Houston  is  of  opinion  that  the  blood-count 
may  be  of  value  in  excluding  other  conditions. 
In  empyema,  for  example,  the  leucocytes  are 
usually  between  18,000  and  30,000  per  cm.  In 
pneumonia  a  similar  condition  is  found,  while 
in  malignant  disease  of  the  lung  a  large  leuco- 
cytosis has  generally  been  recorded. 

In  cases  of  pleurisy  the  red  corpuscles  and 
amount  of  hsemoglobin  visually  show  only  a 
slight  decrease.  In  cases  of  chronic  pleurisy 
and  empyema  the  red  cells  may  fall  as  low  as 
2,000,000  per  cm.,  and  the  htemoglobin  may 
fall  to  35  per  cent.  An  empyema  may  disappear 
after  tapping,  and  the  absence  of  a  leucocytosis 
has  been  found  useful  in  determining  whether 
the  suppurative  process  has  ceased  or  not. 

Acute  Pleurisy 
.Etiology. — The  part  played  in  the  causation 
of  pleurisy  by  various  micro-organisms — especi- 
ally the  bacillus  tuberculosis,  the  pneumococcus, 
and  the  streptococcus — has  been  already  con- 
sidered. For  a  further  discussion  of  the  in- 
fluence of  tuberculosis  see  under  "Diagnosis," 
p.  139. 

Age  and  Sex. — Pleurisy  is  common  at  all  ages. 
It  is  not  rare  in  infancy,  common  in  adolescence, 
attains  its  maximum  frequency  in  early  adult 
life,  and  continues  somewhat  frequent  in  old 
age.  Of  patients  dying  at  advanced  ages  of 
various  diseases  it  is  the  exception  to  find  the 
pleurae  free  from  morbid  changes.  At  the 
Royal  Victoria  Hospital,  Belfast,  in  the  decade 
189M900,  of  a  total  of  9629  admissions  304 
were  cases  of  pleurisy,  a  proportion  of  3*15  per 
cent.  There  is  a  preponderance — it  is  difficult 
to  say  to  what  extent — of  cases  in  the  male  sex. 
Hospital  statistics  on  this  subject  are  apt  to  be 
fallacious. 

Chill.  —  Considerable  doubt  surrounds  the 


136 


PLEURA,  DISEASES  OF 


question  of  the  part  played  by  chill  in  the 
causation  of  pleurisy.  The  writer  has  inquired 
into  the  subject  in  74  cases  which  have  been 
under  his  observation,  chiefly  in  hospital 
practice.  In  26  a  history  of  chill  was  obtained, 
while  in  the  remaining  48  cases  there  was  no 
such  history.  In  most  cases  chill  took  the  form 
either  of  a  wetting  or  of  a  rapid  cooling  of  the 
body  when  overheated.  When  it  is  remembered 
with  what  facility  a  history  of  chill  is  volunteered, 
especially  by  patients  of  the  hospital  class,  per- 
haps the  noteworthy  fact  about  these  figures  is 
not  that  a  history  of  chill  was  available  in  one- 
third  of  the  cases,  but  rather  the  absence  of 
such  a  history  in  two-thirds.  Still,  the  influence 
of  chill  cannot  be  eliminated.  Those  who  hold 
that  all  cases  of  pleurisy  are  due  to  the  presence 
of  micro-organisms  regard  chill  simply  as  a  pre- 
disposing cause,  as  "  lowering  the  vitality "  of 
the  organism,  and  so  rendering  it  more  sus- 
ceptible to  microbic  invasion.  As  regards  the 
influence  of  chill  and  its  possible  relation  to  the 
action  of  bacteria,  pleurisy  stands  on  much  the 
same  footing  as  pneumonia. 

Specific  Fevers. — Pleurisy  is  a  not  uncommon 
complication  of  some  of  the  specific  fevers, 
especially  scarlet  fever  and  smallpox.  It  is 
somewhat  unusual  in  typhoid  fever.  Influenza 
is  frequently  assigned  as  a  cause — often  errone- 
ously. 

Bright's  Disease. — In  all  forms  of  chronic 
Bright's  disease  we  find  a  proclivity  to  inflam- 
mations of  the  various  serous  membranes,  and 
the  pleurae  are  frequently  affected. 

Rheumatism. — It  seems  doubtful  if  there  is 
any  real  causal  connection  between  rheumatism 
and  pleurisy.  Of  the  74  cases  in  the  writer's 
practice,  rheumatism  was  noted  as  being  present 
only  in  6.  In  the  case  of  two  diseases  which 
are  both  sometimes  associated  with  chill  this 
proportion  does  not  seem  to  exceed  the  possible 
limits  of  accidental  concomitance.  Valvular 
disease  of  the  heart  was  noted  in  only  4  out  of 
the  74  cases,  a  fact  which  tends  to  corroborate 
the  view  that  there  is  no  definite  relation 
between  pleurisy  and  rheumatism.  It  would 
appear  that  in  the  present  state  of  our  know- 
ledge there  is  not  sufficient  ground  for  postu- 
lating the  existence  of  a  "  rheumatic  pleurisy." 

Clinical  History.  —  Onset.  —  In  a  small 
number  of  cases  the  onset  of  the  disease  is 
acute  and  "pneumonic"  in  type.  There  are 
grounds  for  thinking  that  these  cases  are  due 
to  pnemnococcus  invasion.  In  a  larger  group  of 
cases,  perhaps  about  one-half,  the  onset,  though 
less  acute  and  severe  than  in  the  above  class,  is 
well  marked.  The  writer  found  this  mode  of 
onset  in  18  out  of  39  cases.  In  a  third  group 
of  cases  the  onset  is  gradual  but  fairly  definite, 
while  in  a  fourth  group  the  onset  is  entirely 
latent,  and  the  disease  escapes  detection  until 
the  patient  seeks  advice  for  weakness  or  short- 
ness of  breath,  and  a  pleural  effusion  of  some 


duration  is  discovered.  The  first  symptom  is 
usually  "  stitch  "  in  the  side,  with  embarrassed 
breathing  and  some  rise  of  temperature.  A 
series  of  "  chills "  is  common ;  a  single  severe 
rigor  is  rare.  Vomiting  may  occur,  and  in 
children  convulsions  are  sometimes  noted.  The 
temperature  rises  irregularly,  and  does  not 
usually  exceed  102°  to  103°  F.  In  some  cases 
fever  is  absent.  The  course  and  duration  of 
the  pyrexia  present  much  variation.  The  aspect 
and  decubitus  of  a  patient  in  the  early  stage  of 
acute  pleurisy  are  often  characteristic.  He  lies 
on  his  back,  or  on  the  sound  side,  often  curled 
up  in  a  constrained  position  in  the  bed,  and  he 
leans  forward  and  presses  his  hand  to  the 
affected  side.  His  face  shows  that  his  suffering 
is  severe.  In  addition  to  "stitch  "in  the  side 
there  may  be  a  "referred  pain"  in  various  parts 
of  the  thorax  or  abdomen.  The  breathing  is 
shallow  and  ineffectual,  but  it  is  evident  that 
the  patient  refrains  from  taking  deep  breaths 
not  from  inability  to  do  so,  but  simply  through 
fear  of  exciting  pain.  There  is  rarely  any  of 
the  acute  dyspnoea,  the  besoin  cle  respirey;  which 
is  so  marked  in  pneumonia.  The  face  is  slightly 
flushed,  and  in  rare  cases  herpes  may  be  present 
about  the  mouth.  There  are  the  usual  symp- 
toms characteristic  of  pyrexia. 

In  a  short  time,  usually  within  forty-eight 
hours,  the  patient's  condition  undergoes  a 
change.  Eff"usion  sets  in,  the  pain  in  the  side 
is  relieved,  and  the  patient  feels  better,  but  is 
conscious  of  increasing  shortness  of  breath, 
especially  if  he  makes  any  exertion.  He  now 
finds  himself  more  comfortable  lying  on  the 
affected  side,  as  this  allows  the  lung  on  the 
sound  side  free  play.  The  temperature  remains 
usually  at  101°  to  103°  F.  in  the  evenings,  with 
morning  remission.  The  patient's  condition 
may  now  undergo  only  slight  change  for  some 
days,  the  state  of  the  respiratory  function 
depending  largely  on  the  amount  of  the  eff'usion. 
In  favourable  cases  absorption  sets  in  towards 
the  end  of  the  second  or  the  beginning  of  the 
third  week,  and  may  proceed  rapidly.  Pain  in 
the  side  commonly  reappears  at  this  stage. 
Convalescence  may  be  complete  at  the  end  of 
three  or  four  weeks,  but  is  often  delayed. 
Cough  is  usually  present  throughout  the  disease, 
but  is  sometimes  absent.  It  is  often  hard  and 
unsatisfying,  and  accompanied  by  only  scanty 
expectoration,  which  may  be  blood-stained  at 
the  outset ;  later  it  is  usually  mucoid  or  muco- 
purulent. Where  oedema  of  the  lung  has  super- 
vened, on  paracentesis  thoracis,  the  expectoration 
is  profuse  and  watery.  Foetor  of  the  expectora- 
tion usually  indicates  that  a  foetid  empyema 
has  burst  through  the  lung.  Diarrhoea  is 
common.  The  urine  is  febrile,  and  not  infre- 
quently contains  a  little  albumin.  Attacks  of 
pleurisy  present  almost  every  grade  of  severity, 
and  the  symptoms  vary  accordingly.  A  tedious 
convalescence  may  occur,  even  in  cases  which 
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ultimately  make  a  good  recovery.  If  the 
temperature  reach  104°  F.,  or  the  respirations 
exceed  forty  per  minute,  it  is  probable  that 
pneumonia  is  present.  A  hectic  temperature 
and  profuse  sweating  may  be  present  in  cases 
where  the  effusion  consists  of  limpid  serum. 
Symptoms  cannot  be  relied  upon  to  determine 
the  nature  of  the  effusion  (see  under  "  Em- 
pyema," p.  144). 

In  the  so-called  "  latent "  or  "  quiet  "  pleurisy 
symptoms  are  sometimes  said  to  be  absent,  but 
evidence  of  some  degree  of  weakness  and  short- 
ness of  breath  can  always  be  elicited. 

Physical  Signs. — The  characteristic  sign  of 
pleurisy  in  the  first  stage,  before  effusion  has 
set  in,  is  friction,  which  may,  however,  be 
absent.  This  is  a  scraping,  grating,  or  creaking 
sound  of  variable,  but  usually  considerable, 
intensity.  Sometimes  it  has  a  greasy  or  sticky 
quality,  and  may  be  difficult  to  distinguish 
from  crepitus  (see  under  "  Diagnosis ").  It  is 
usually  heard  both  with  inspiration  and  expira- 
tion, but  is  often  loudest  towards  the  end  of 
inspiration.  It  gives  the  impression  to  the  ear 
of  being  "  superficial."  It  ceases  when  the 
breath  is  held.  It  is  not  affected  by  coughing. 
It  may  be  intensified  by  pressure  of  the  stetho- 
scope. Pleural  friction  is  most  often  heard  in 
the  inferior  antero-lateral  region  of  the  chest  or 
in  the  axilla.  It  is  also  common  at  the  base 
of  the  lung  posteriorly.  If  it  be  audible  at 
the  apex  the  suspicion  of  tuberculosis  is 
strengthened.  It  is  often  confined  to  a  very 
limited  area,  but  is  sometimes  heard  somewhat 
widely  over  the  affected  side.  Friction  fremitus 
is  common.  While  there  is  at  this  stage  no 
true  flattening  of  the  affected  side,  the  patient 
expands  it  as  little  as  possible  owing  to  the 
pain.  The  lymph  present  on  the  surface  of  the 
pleura  at  this  stage  does  not  cause  any  recog- 
nisable dulness  on  percussion,  nor  any  ausculta- 
tory phenomena  other  than  friction. 

Signs  of  Pleural  Effusion. — Slight  effusions 
may  escape  detection,  but  the  presence  of  any 
considerable  degree  of  effusion  gives  rise  to  a 
characteristic  series  of  physical  signs. 

(a)  Inspection.  —  The  affected  side  is  moi'e  or 
less  immobile,  either  in  its  entire  extent  in  very 
large  effusions,  or  in  a  variable  proportion  of  its 
inferior  area.  The  antero-posterior  diameter  of 
the  side  is  increased.  The  over-action  of  the 
healthy  side  is  often  marked.  The  intercostal 
spaces  are  usually,  but  by  no  means  always, 
flattened.  In  recent  effusions  of  moderate 
extent  the  normal  dimpling  of  the  spaces  may 
be  preserved  for  some  time.  Bulging  of  the 
intercostal  spaces  is  excessively  rare. 

(h)  Palpation. — In  the  great  majority  of 
cases  vocal  fremitus  is  either  diminished  or  lost. 
In  some  cases,  especially  in  women  and  in 
debilitated  patients,  the  normal  vocal  fremitus  is 
so  weak  that  the  interpretation  of  this  sign 
becomes  difficult,  but  apart  from  such  cases  the 


decided  diminution  or  loss  of  vocal  fremitus  is 
one  of  the  most  trustworthy  signs  of  the 
presence  of  fluid  in  the  pleural  cavity.  It  may, 
however,  be  fallacious  (see  under  "Diagnosis," 
p.  139). 

(c)  Percussion. — Increased  sense  of  resistance 
and  dulness  co-extensive  with  the  area  of  the 
fluid  are  practically  invariable.  According  to 
Guttmann  dulness  only  becoines  appi-eciable 
when  the  layer  of  fluid  has  a  thickness  of  at 
least  \^  cm.  Probably  few  physicians  would 
now  accept  Skoda's  dictum  that  "  the  percussion 
sound  is  not  altered  by  mere  thickening  of  the 
pleura,  nor  by  layers  (several  lines  deep)  of 
fluid  or  solid  exudations  upon  it."  The  dulness 
is  not  complete  until  the  lung  is  entirely 
emptied  of  air  by  the  pressure  of  the  fluid.  In 
large  effusions  the  dulness  takes  on  a  special 
"  wooden  "  quality,  which  may  be  distinguished 
by  the  ear  from  the  dulness  of  consolidation. 
The  dulness  usually  is  first  manifest  at  the  base 
of  the  lung  posteriorly,  and  in  small  effusions  it 
may  be  confined  to  this  region.  With  an 
increasing  effusion  it  invades  the  lateral  region 
and  the  front,  rising  to  a  variable  level,  and  in 
some  cases  occupying  the  entire  side.  In  a 
considerable  proportion  of  cases  the  upper  level 
of  the  fluid  is  a  curved  line,  the  highest  point 
of  the  curve  being  often  in  the  axilla  (Ellis  and 
Garland).  In  patients  who  have  been  long  bed- 
ridden the  highest  level  of  the  fluid  is  usually 
found  posteriorly.  The  outline  of  the  dull  area 
may  be  variously  conditioned  by  recent  or  old 
adhesions,  and  may  present  many  variations, 
which  may  suggest  difficulties  in  diagnosis.  It 
is  quite  exceptional  for  the  level  of  the  fluid  to 
be  altered  by  change  of  posture  on  the  part  of 
the  patient.  In  a  doubtful  case  this  test  is 
usually  valueless.  In  the  case  of  a  considerable 
effusion  which  does  not  fill  the  entire  pleural 
cavity  the  percussion  note  below  the  clavicle  on 
the  affected  side  is  often  tympanitic.  This 
interesting  fact  was  first  observed  by  Skoda, 
and  hence  the  sign  has  been  called  "  Skodaic 
resonance."  Its  explanation  is  doubtful. 
Skoda's  theory  was  that  "  when  the  lung  is 
much  reduced  in  volume  by  compression,  but 
still  contains  air,  its  sound  is  invariably  tym- 
panitic." C.  J.  B.  Williams  thought  that  the 
tympanitic  note  was  produced  in  the  trachea 
and  the  large  bronchi,  a  view  which  is  not, 
perhaps,  very  probable. 

(d)  Auscultation. — Enfeeblement  or  oblitera- 
tion of  the  normal  vesicular  murmur,  and 
weakening,  with  some  alteration  of  tone  of  the 
normal  vocal  resonance,  are  the  rule,  but  the 
auscultatory  signs  of  pleural  effusion  present 
great  variations,  and  require  to  be  interpreted 
with  caution.  Bronchial  breathing  is  common, 
especially  in  children,  and  may  either  gradually 
give  way  to  more  or  less  complete  silence,  or 
may  continue  during  the  stage  of  effusion.  In 
the  writer's  experience  the  bronchial  breathing 
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of  pleural  effusion  has  usually  had  a  more  or 
less  "distant"  quality,  which  may  help  to 
distinguish  it  from  the  bronchial  breathing  of 
consolidation,  but  this  rule  is  not  invariable. 
It  is  probable  that  where  bronchial  breathing  is 
present  in  pleural  effusion  the  large  bronchi  are 
still  patent. 

Vocal  resonance  presents  considerable  varia- 
tions, and  should  not  be  much  relied  upon  in 
diagnosis.  In  the  writer's  experience  one  of 
the  most  usual  changes  is  a  certain  flatness  or 
loss  of  tone,  rather  than  a  mere  weakening  of 
the  voice  on  the  affected  side.  Sometimes  the 
vocal  resonance  is  simply  weak,  sometimes  there 
is  bronchophony.  The  term  segophony  has 
been  applied  to  a  certain  bleating  quality  of 
voice  occasionally  heard  near  the  angle  of  the 
scapula  at  the  upper  level  of  moderate  effusions. 
This  sign  is  rare.  It  is  of  small  diagnostic 
importance,  and  the  term  "  ajgophony "  might 
well  be  dropped. 

Baccelli  thinks  that  the  whispered  voice  is 
well  conveyed  through  serous,  but  not  through 
purulent  effusions  (Baccelli's  sign).  This  obser- 
vation has  not  been  generally  confirmed. 

(e)  Mensuration. — In  large  effusions  the  semi- 
circumference  of  the  chest  is  increased  on  the 
affected  side,  but,  as  Gee  well  points  out,  "  by 
the  passage  of  the  elliptical  form  into  the 
circular,  considerable  increase  in  the  sectional 
area  of  the  chest  may  occur  whilst  the  length 
of  the  periphery  remains  the  same.  Moreover, 
the  displacement  of  the  mediastinum  thrusts  the 
heart  into  the  unaffected  side.  Add  this  con- 
sideration, too,  that  the  walls  of  the  healthy 
side  must  follow  the  antero-posterior  projection 
of  the  diseased  side,  and  then  it  will  be  plain 
why,  as  a  matter  of  fact,  the  perimeter  of  the 
affected  side  often  measures  very  little  more, 
nay,  sometimes  even  less,  than  the  side  which 
is  not  diseased."  The  cyrtometer  may  be  used 
with  advantage. 

(/)  Succussion. — The  venerable  sign,  "  Hippo- 
cratic  succussion,"  one  of  the  earliest  fruits  of 
medical  observation,  is,  of  course,  only  present 
when  the  pleura  contains  air  as  well  as  fluid. 

(g)  Displacement  of  Organs. — Displacement 
of  the  heart  is  the  rule,  displacement  of  the 
liver  and  spleen  the  exception,  in  pleural  effusion. 
The  displacement  of  the  heart  is  more  marked 
in  left  than  in  right  effusions.  The  writer  has 
removed  45  oz.  of  serum  from  the  right  pleura 
in  a  patient  in  whom  no  displacement  of  the 
heart  could  be  made  out.  Such  exceptional 
cases  are,  however,  rare,  and  great  importance 
must  be  attached  to  the  position  of  this  organ 
in  any  case  of  doubt  or  difficulty.  Neglect  of 
this  rule  has  been  a  fruitful  source  of  errors  in 
diagnosis.  The  usual  limits  of  displacement  of 
the  heart  are  the  right  mammary  line  and  the 
left  axillary  line,  but  these  limits  may  be  ex- 
ceeded. In  addition  to  lateral  displacement 
the  heart  is  often  raised.    Under  these  circum- 


stances the  impulse  may  be  due  either  to  the 
normal  apex  or  to  the  right  ventricle.  Epi- 
gastric pulsation  may  occur. 

A  systolic  murmur  is  often  audible  over  the 
heart  in  pleural  effusion,  and  is  probably  due 
to  some  altered  relation  between  the  heart  and 
the  great  vessels.  It  disappears  with  absorption 
of  the  effusion. 

Upon  the  unaffected  side  the  movements  are 
exaggerated,  and  the  vesicular  murmur  is 
intensified. 

Stage  of  Absorption. — After  a  period  varying 
from  two  or  three  days  to  two  or  three  weeks, 
serous  effusions  in  a  large  majority  of  cases 
begin  to  undergo  absorption.  The  chief  signs 
of  the  receding  wave  are  the  reappearance  of 
vocal  fremitus,  if  this  has  been  entirely  absent, 
some  diminution  in  the  absolutely  wooden  tone 
of  the  percussion  note,  the  gradual  return  of 
displaced  organs  to  their  normal  position,  and 
the  reappearance  of  friction  sound  and  of  the 
vesicular  murmur.  According  to  Gee  the  liquid 
disappears  in  something  like  the  following 
order : — From  the  vertebral  groove  near  the 
root  of  the  lung ;  from  the  supra-mammary 
region ;  from  the  rest  of  the  vertebral  groove 
and  infra-scapular  region  ;  from  the  infra-mam- 
mary region  ;  and,  lastly,  from  the  lower  lateral 
region.  He  adds,  however,  that  "  we  must  be 
prepared  to  find  the  residue  of  liquid  in  almost 
any  part  of  the  chest."  In  the  writer's  experi- 
ence the  fluid  has  often  lingered  longest  at  the 
base  of  the  lung  posteriorly,  and  this  is  probably 
the  rule  in  patients  who  have  been  much  confined 
to  bed. 

The  rapidity  with  which  absorption  is  accom- 
plished A'aries  within  very  wide  limits.  Some- 
times it  is  fully  accomplished  in  a  few  days, 
more  often  it  is  somewhat  delayed,  and  not 
uncommonly  it  is  a  tedious  and  lingering 
process.  Slight  dulness  on  percussion  and 
some  impairment  of  the  vesicular  murmur  may 
remain  for  long  periods,  or  for  life,  in  patients 
who  have  apparently  made  a  complete  recovery. 
In  many  cases,  however,  no  trace  of  the  attack 
remains.  The  notion  that  in  this  latter  group 
of  cases  permanent  adhesions  have  occurred 
does  not  seem  warranted  by  the  evidence  at 
present  available  to  us.  More  or  less  retraction 
of  the  side  often  remains  after  an  attack  of 
pleurisy.  The  mythical  cases  of  "people  living 
with  one  lung "  are  usually  instances  of  old 
pleurisies  where  an  extreme  degree  of  retraction 
of  one  side  of  the  chest  has  occurred.  In  other 
cases  the  lung  undergoes  more  or  less  carnifica- 
tion,  and  the  patient  remains  permanently 
short-winded  and  debilitated,  or  becomes  the 
subject  of  tuberculosis. 

Complications. — Pleurisy  has  few  character- 
istic complications.  The  other  serous  mem- 
branes— most  often  the  pericardium,  very  rarely 
the  peritoneum — may  share  in  the  morbid  pro- 
cess.   Albuminuria  is  not  uncommon,  but  is 
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sometimes  merely  febrile,  sometimes  it  points 
to  a  pre-existing  nephritis,  of  which  pleurisy 
is  a  frequent  concomitant.  In  chronic  cases 
dilatation  of  the  heart  and  dropsy  are  not  in- 
frequent. Clubbing  at  the  ends  of  the  fingers 
is  common  in  empyema,  but  not  unknown  in 
chronic  cases  of  serous  effusion.  Pneumothorax 
is  related  rather  to  empyema  than  to  serous 
pleurisy  (see  "Pneumothorax,"  p.  145).  Acute 
oedema  of  the  lungs  occasionally,  but  very  rarely, 
supervenes  upon  aspiration. 

Differential  Diagnosis. — The  diagnosis  of 
pleurisy  is  usually  an  easy  task.  Sometimes, 
however,  there  may  be  difficulties,  and  occasion- 
ally a  positive  opinion  may  be  impossible. 
Difficulties  may  arise  either  (a)  in  connection 
with  pleural  friction,  or  (b)  in  connection  with 
the  recognition  of  eiTusion.  We  shall  consider 
the  subject  under  these  two  heads. 

Pleural  friction  is  in  a  large  majority  of 
cases  unmistakable.  Its  rubbing  or  scraping- 
quality,  its  superficiality,  its  dependence  on  the 
respiratory  act,  its  independence  of  coughing, 
its  association  with  pain,  its  intensification  by 
pressure  of  the  stethoscope,  its  usual  distribu- 
tion, make  its  recognition  generally  obvious. 
Its  distinction  from  pericardial  friction  rarely 
gives  rise  to  serious  difficulty.  Pericardial 
friction  is  much  more  rapid  than  pleural  fric- 
tion, it  has  usually  a  to-and-fro  quality,  it  is 
confined  to  the  praecordial  area,  and  is  most  fre- 
quent at  the  base  of  the  heart,  it  does  not  cease, 
except  in  very  rare  cases,  when  the  breath  is 
held.  It  must  be  borne  in  mind  that  the  re- 
flection of  the  pleura  over  the  pericardium  may 
be  affected,  and  may  give  rise  to  confusing- 
physical  signs.  A  much  more  serious  difficulty 
arises  sometimes  in  connection  with  some  cases 
of  sticky  and  greasy  exudation  on  the  pleural 
surface,  which  may  cause  a  sound  readily  mis- 
taken for  crepitus.  The  following  points  will 
help  in  obviating  this  error.  Friction  is  "  super- 
ficial," crepitus  is  deep.  Friction  is  not  affected 
by  coughing,  crepitus  often  is  affected  by  cough- 
ing. Friction  is  often  intensified  by  pressure  of 
the  stethoscope,  crepitus  never.  Friction  is 
often  audible  throughout  the  greater  part  of 
inspiration  and  expiration,  though  there  are 
exceptions  to  this  rule ;  crepitus  is  often, 
though  by  no  means  always,  confined  to  the  end 
of  inspiration  and  the  beginning  of  expiration. 
Friction  is  commonly  accompanied  by  pain, 
crepitus  rarely.  Lastly,  if  we  examine  in  the 
neighbourhood  of  the  doubtful  sound  we  shall 
often  detect  unambiguous  friction  or  crepitus, 
which  may  settle  the  diagnosis. 

Pleurodynia  may  be  confused  with  pleurisy. 
Many  cases  diagnosed  as  pleurodynia  are  really 
cases  of  "dry"  pleurisy.  Error  may  be  best 
avoided  by  careful  physical  examination,  and 
by  the  use  of  the  thermometer ;  the  presence  of 
pyrexia  to  be  allowed  much,  its  absence  little, 
weight. 


More  formidable  are  the  difficulties  which 
sometimes  beset  the  diagnosis  of  pleural  effusion. 
Most  observers  are  agreed  that  in  exceptional 
cases,  especially  in  children,  the  signs  of  pleural 
effusion  may  be  indistinguishable  from  those  of 
consolidation.  As  an  abstract  proposition  this 
is  unquestionably  true,  yet  the  cases  in  which 
the  distinction  is  impossible  are  not  numerous. 
Too  much  reliance  upon  the  auscultatory  signs 
is  the  chief  source  of  error.  We  should  rely 
chiefly  on  (1)  the  state  of  the  vocal  fremitus, 
viz.  upon  its  diminution  or  disappearance  in 
pleural  effusion,  its  normal  or  increased  inten- 
sity in  consolidation  ;  (2)  the  outline  and  limits 
of  the  dull  ai-ea,  sometimes  characteristic  in 
pleural  effusion  (see  ante,  "  Physical  Signs," 
p.  137)  ;  and  (3)  the  displacement  of  organs, 
especially  the  heart.  If  a  careful  inquiry  under 
these  heads  still  leaves  the  case  in  doubt,  an 
exploratory  punctiire  should  be  made  in  all 
cases  in  which  a  positive  diagnosis  is  desirable. 

In  some  cases  of  pneumonia  a  temporary 
blocking  of  the  bronchial  tubes  with  secretion 
may  cause  signs  which  simulate  those  of  pleural 
effusion,  viz.  loss  of  vocal  fremitus,  loss  of 
breath  sounds,  and  diminution  or  altered  quality 
of  vocal  resonance.  The  effect  of  coughing-  and 
expectorating  will  serve  to  clear  these  cases  up. 

Malignant  disease  of  the  lung  may  give  rise 
to  signs  which  cannot  be  discriminated  with 
certainty  from  those  of  pleural  eftlision.  In  a 
recent  case  in  the  writer's  practice  the  lower 
portion  of  the  right  lung  presented  the  signs  of 
wooden  dulness  on  percussion,  complete  absence 
of  vocal  fremitus,  and  entire  loss  of  breath 
sounds.  The  presence  of  some  suspicious  super- 
ficial nodules  and  the  general  history  of  the 
case  gave  rise  to  the  suspicion  of  malignancy, 
and  at  the  autopsy  the  right  lung  was  found  to 
be  invaded  by  a  large  mass  of  encephaloid  car- 
cinoma. In  such  cases,  which  are  of  extreme 
rarity,  reliance  must  be  placed,  not  on  physical 
signs,  but  upon  the  history  and  symptoms. 
Persistent  pain  is  usually  present  in  malignant 
disease  of  the  lungs,  haemoptysis  is  common, 
but  not  invariable,  the  general  progress  of  the 
case  is  characteristic  of  malignancy,  and  pres- 
sure signs  tend  to  develop,  but  may  be  late  in 
appearance. 

Diaphragmatic  pleurisy  may  give  rise  to  diffi- 
culty. Severe  pain  is  the  chief  feature  of  these 
cases  at  an  early  stage,  more  or  less  pyrexia 
will  probably  be  present,  and  after  a  short  time 
clear  physical  signs  will  tend  to  appear,  as  the 
pleurisy  is  probably  never  wholly  confined  to 
the  reflection  of  the  pleura  upon  the  diaphragm. 

Encysted  or  loculated  effusions,  usually  con- 
ditioned by  the  pressure  of  old  adhesions,  may 
give  rise  to  puzzling  physical  signs.  Loculation 
may  occur  at  any  part  of  the  pleural  cavity, 
but  seems  to  be  most  frequent  in  the  lower 
lateral  or  posterior  region.  It  may  occur  be- 
tween the  lobes  of  the  lung.    Puncture  should 
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be  resorted  to  in  these  cases,  and  it  is  important 
that  the  trochar  should  be  inserted  at  a  point 
where  the  signs  of  the  presence  of  fluid  are  well 
marked.  Otherwise  the  failure  to  find  fluid 
may  unjustly  discredit  the  diagnosis. 

Collapse  of  the  lung,  acute  or  chronic,  closely 
simulates  pleural  eff'usion,  but  the  history  of 
these  cases  is  different  from  that  of  pleurisy, 
the  side  is  retracted,  the  intercostal  spaces  are 
not  flattened,  and  the  heart  is  not  displaced 
towards  the  sound  side.  Attention  to  these 
points  may  be  sufficient  to  prevent  en-or,  but  if 
necessary  puncture  should  be  resorted  to. 

The  possibility  of  subphrenic  abscess  should 
be  borne  in  mind  in  cases  which  suggest 
pleurisy,  but  present  abnormal  physical  signs 
(see  under  "Subphrenic  Abscess,"  vol.  ii.  p.  343 
et  seq.). 

The  general  question  of  the  relation  of 
pleurisy  and  tuberculosis  may  be  here  con- 
veniently considered.  The  pathological  aspect 
of  the  subject  has  been  already  dealt  with.  It 
remains  to  consider  its  clinical  bearings. 

Vincent  Bowditch  of  Boston  found  that  of 
91  cases  of  pleurisy  occurring  in  the  practice 
of  his  father,  Henry  J.  Bowditch,  between  the 
years  1849  and  1879,  32  died  of  phthisis,  or 
were  certainly  tuberculous.  Fiedler  found 
that  of  92  cases  of  pleurisy  with  sero-fibrinous 
exudation,  28  cases  were  dead  of  pulmonary 
tuberculosis  within  two  years,  while  in  many  of 
the  remaining  cases  the  presence  of  tuberculosis 
was  suspected  or  probable.  Barrs  of  Leeds 
found  that  of  62  cases  of  acute  pleurisy 
occurring  at  the  Leeds  Infirmary  22  were  dead 
of  phthisis  within  six  years.  After  an  ex- 
haustive treatment  of  the  whole  subject, 
Kingston  Fowler  concludes  that  "  the  bacillus 
of  tubercle  is  the  causative  agent  in  a  very 
large  proportion  of  cases  of  sero  -  fibrinous 
pleurisy,  and  that  this  is  true  when  the  attack 
is  apparently  simple,  idiopathic,  and  attributed 
to  a  chill."  The  same  writer  further  points 
out :  "It  must  be  borne  in  mind  that  the  course 
of  tuberculosis  of  the  serous  membranes  is  far 
more  favourable  than  when  the  disease  attacks 
the  lungs  and  other  organs.  Of  this  the  clinical 
history  of  tubercvilous  peritonitis  affords  a 
striking  example.  The  inference  that  in  many 
cases  of  tubercular  pleurisy  the  disease  is 
arrested  at  the  time  and  never  reappears  is 
therefore  justified,  and  is  supported  by  patho- 
logical experience."  We  have  seen  that  Germain 
See  regarded  all  cases  of  acute  pleurisy  as 
tubercular,  and  that  Landouzy  from  the  side 
of  pathology  takes  practically  the  same  view. 

While  there  is  no  longer  any  doubt  that  the 
association  of  pleurisy  and  tuberculosis  is  much 
more  intimate  than  was  formerly  suspected, 
there  are  some  considerations  which  must  make 
us  pause  before  accepting  the  extreme  view  on 
this  subject  which  is  now  current,  especially 
in  France.     The  onset  in  pleurisy  is  sudden 


in  about  one-half  the  total  cases.  In  tuber- 
culosis a  sudden  onset  is  the  rare  exception. 
Pleurisy  following  a  definite  chill,  though  much 
less  common  than  was  formerly  thought,  is 
nevertheless  somewhat  frequent.  Chill  does 
not  produce  tuberculosis.  The  incidence  of 
pleurisy  and  tuberculosis  with  regard  to  age 
and  sex  shows  some  points  of  apparent  contrast, 
but  the  subject  requires  further  elucidation. 
Pleurisy  most  often  appears  to  begin  in  the 
lower  antero-lateral  region  of  the  chest — i.e. 
in  that  part  of  the  side  least  protected  by 
muscle — and  shows  none  of  the  preference  for 
the  apical  region  which  is  so  marked  in 
pulmonary  tuberculosis.  The  course  of  the 
temperature  in  pleurisy  is  unlike  that  of 
tubei'culosis.  The  general  progress  of  the 
disease  in  pleurisy  and  the  early  and  favour- 
able convalescence  of  the  large  majority  of 
cases  are  unlike  tuberculosis.  It  will  be  ad- 
mitted that  the  clinical  course  of  acute  pleurisy 
bears  only  a  distant  resemblance  to  {e.g.)  that 
of  tubercular  peritonitis.  While  these  points 
must  be  borne  in  mind  before  we  can  formulate 
a  definite  conclusion  on  this  most  important 
and  difficult  subject,  probably  most  physicians 
will  agree  with  Osier  when  he  says  :  "  I  confess 
that  the  more  carefully  I  have  studied  the 
question  the  larger  does  the  proportion  appear 
to  be  of  primary  pleurisies  of  tuberculous 
origin."  It  has  been  seen  that  the  bacillus 
tuberculosis  is  very  rarely  present  in  serous 
effusions,  and  the  theory  that  all  "sterile" 
effusions  are  tubercular  is  still  only  an  hypo- 
thesis. Much  will  depend  upon  the  results  of 
further  inoculation  experiments.  If  it  can  be 
conclusively  proved  that  inoculation  with  serous 
pleuritic  fluid  produces  tuberculosis  in  a  large 
and  fairly  constant  proportion  of  cases  the 
conclusion  to  be  drawn  will  be  obvious.  It 
should  not  be  forgotten  that  the  fact  of  a 
patient  who  has  recovered  from  an  acute 
pleurisy  subsequently  developing  tuberculosis 
does  not  prove  that  the  pleurisy  was  tuberculous. 
At  the  most  it  only  raises  a  presumption  that 
such  may  have  been  the  case.  But  it  is  at 
least  arguable  that  in  some  of  these  cases — 
perhaps  a  considerable  proportion  —  a  non- 
tuberculous  pleurisy,  not  thoroughly  recovered 
from,  may  have  weakened  the  resisting  power 
of  the  lung,  and  so  rendered  it  more  susceptible 
to  invasion  by  the  bacillus  of  tubercle.  Such 
a  sequence  of  events  is  entirely  consonant  with 
our  present  knowledge  of  the  causation  of 
pulmonary  tuberculosis. 

If  pleurisy  occur  in  a  patient  whose  general 
health  is  from  any  cause  debilitated,  or  whose 
history  suggests  the  probability  of  antecedent 
pulmonary  mischief,  the  suspicion  of  tuber- 
culosis will  be  much  strengthened.  In  such 
cases  the  sputum,  if  obtainable,  should  of  course 
be  examined  with  special  care. 

Prognosis. — The  mortality  during  the  acute 
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stage  of  pleurisy  is  insignificant.  In  39  con- 
secutive cases  in  the  writer's  practice  death 
took  place  in  two  instances :  in  one  from 
meningitis,  in  the  other  from  heai't  failure 
consequent  on  delirium  tremens.  In  neither 
case  did  the  fatal  issue  seem  to  be  directly 
dependent  upon  disease  of  the  pleura. 

Pleurisy  derives  its  great  importance  almost 
entirely  from  three  considerations,  viz.:  (1)  it 
may  lead  to  empyema  or  chronic  serous  effusion  ; 
(2)  it  may  permanently  damage  the  lung  and 
lead  to  prolonged  or  permanent  ill-health ;  (3) 
it  may  be  either  a  manifestation  or  a  cause  of 
tuberculosis.  Our  anxiety  with  regard  to 
patients  suffering  from  pleurisy  is  chiefly  con- 
cerned with  the  possibility  of  a  lingering  and 
unsatisfactory  convalescence  and  of  sequential 
disease.  It  is  important  to  bear  in  mind  that, 
on  the  one  hand,  tedious  and  troublesome  cases 
sometimes  ultimately  make  an  excellent  re- 
covery, and,  on  the  other  hand,  that  a  rapid 
convalescence  does  not  exckide  the  possibility 
of  a  later  development  of  tuberculosis. 

Sudden  death  in  the  course  of  acute  pleurisy 
is  not  unknown,  and  seems  to  be  dependent 
upon  thrombosis  of  the  right  side  of  the  heart. 

Pericarditis  is  a  serious  complication. 

Treatment. — The  general  rules  applicable  to 
the  pyrexial  state  should  be  observed.  In  the 
early  stage  the  patient's  chief  complaint  is  of 
pain,  which  is  usually  severe.  A  hypodermic 
injection  of  morphia,  repeated  if  necessary,  and 
followed  by  a  few  doses  of  Dover's  powder, 
affords  a  safe  and  efficient  means  of  relief.  The 
abstraction  of  blood  by  leeching,  wet  cupping, 
or  venesection  is  very  rarely  necessary.  The 
respiratory  movements  being  intensely  painful, 
much  relief  will  be  obtained  by  tightly  bandag- 
ing the  side,  or  by  the  application  of  strips  of 
plaster,  after  the  manner  recommended  by 
F.  T.  Roberts.  Poultices  of  linseed  and 
mustard,  or  hot  fomentations  combined  with 
laudanum,  are  often  grateful  to  the  patient. 
The  bowels  should  be  moderately  opened  and 
a  febrifuge  mixture  administered.  The  diet 
should  be  liquid.  The  above  measures  usually 
suffice  until  the  effusion  has  reached  its  height. 
In  a  large  proportion  of  cases  the  effusion  is 
spontaneously  absorbed,  and  active  treatment 
is  both  unnecessary  and  useless.  The  bowels 
should  be  kept  open  without  active  purgation, 
and  a  mixture  containing  acetate  of  potash, 
spirit  of  nitrous  ether,  and  digitalis,  will  assist 
excretion  by  the  skin  and  kidneys.  The  value 
of  the  time-honoured  blister  of  cantharides  or 
iodine  is  very  doubtful.  Our  chief  concei'n  at 
this  stage  is  to  watch  for  the  normal  recession 
of  the  tide  of  effusion.  As  the  pyrexia  abates 
the  writer  is  in  the  habit  of  substituting:  a 
mixture  containing  2  or  3  grains  of  iodide  of 
potassium  combined  with  3  or  4  grains  of  the 
citrate  of  iron  and  ammonia  pro  dosi  for  the 
diaphoretic  and  diuretic  mixture  already  men- 


tioned. If  the  effusion  soon  begins  to  show 
signs  of  subsidence  a  general  tonic  line  of  treat- 
ment should  be  early  undertaken,  bearing  in 
mind  the  dangers  of  a  lingering  convalescence 
or  of  the  development  of  tuberculosis.  If  the 
efl^usion  persists  at  its  highest  level  the  question 
of  more  active  treatment  must  be  considered. 
We  have  to  choose  between  such  measures  as 
active  purgation,  blistering,  and  the  limitation 
of  fluids  on  the  one  hand,  and  aspiration  on  the 
other.  The  writer  has  seen  little  success  from 
the  former  methods,  while  the  results  of  aspira- 
tion are  often  more  satisfactory.  Osier,  whose 
opinion  must  carry  great  weight,  states  that  he 
has  seen  large  effusions  disappear  rajoidly  under  a 
dry  diet  and  full  doses  of  Epsom  salts.  These 
methods  may  have  a  trial,  but  if  no  signs  of 
absorption  appear  in  the  course  of  the  third 
week  aspiration  should  be  performed  if  there 
be  no  contra-indications.  The  question  arises 
whether  we  are  justified  in  waiting  so  long 
before  resorting  to  this  expedient.  It  is  prob- 
able that  we  are  justified  for  the  following 
reasons : — In  the  course  of  the  first  two  weeks 
spontaneous  absorption  is  always  probable. 
The  dyspnoea  consequent  on  the  exudation  is 
rarely  so  urgent  as  to  demand  relief  at  an 
earlier  stage,  but  urgent  dyspnoja  should  be 
regarded  as  an  indication  for  aspiration  at  any 
stage  of  the  disease.  It  is  remarkable,  however, 
how  soon  patients  get  accustomed  to  the  effusion 
and  how  little  they  suffer  from  dyspnoea,  so  long 
as  they  make  little  or  no  exertion.  Further, 
early  aspiration  seems  to  increase  the  tendency 
to  a  fresh  accumulation  of  fluid,  and  it  does  not 
seem  to  prevent  deformity  of  the  chest.  One 
of  the  worst  cases  of  falling  in  of  the  side  ever 
observed  by  the  writer  occurred  in  a  child  in 
whom,  owing  to  somewhat  urgent  dyspnoea,  it 
was  thought  advisable  to  perform  aspiration 
about  the  seventh  or  eighth  day  of  the  disease. 
Large  effusions,  as  a  rule,  absorb  tardily,  and  in 
most  of  these  cases  aspiration  will  be  required. 
Aspiration  is  also  indicated  in  the  rare  cases  in 
which  the  effusion  is  bilateral.  As  regards  the 
proportion  of  cases  in  which  aspiration  will 
be  called  for  no  rule  can  be  laid  down.  In 
one  series  in  the  writer's  practice  aspiration 
was  performed  in  13  out  of  39  cases.  He 
has  never  had  reason  to  regret  the  perform- 
ance of  the  operation,  but  has  sometimes  re- 
gretted that  for  some  reason  or  another  the 
operation  was  postponed  or  omitted.  The  effect 
of  aspiration  varies.  In  exceptional  cases  it  is 
followed  by  rapid  convalescence,  and  no  further 
treatment  is  required.  The  writer  can  recall 
a  case  of  a  young  girl  whose  left  pleura  had 
been  allowed  to  remain  full  of  fluid  for  eight  or 
ten  weeks,  and  who  rapidly  convalesced  after  a 
single  aspiration.  Such  results  are,  however, 
exceptional.  Much  more  often  the  fluid  re- 
accumulates,  and  the  operation  has  to  be  re- 
peated.    The  effect  of   aspiration   upon  the 
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temperature  is  variable.  In  4  of  the  13  cases 
already  mentioned  aspiration  was  followed  by  a 
marked  fall  in  temperature.  In  several  cases 
aspiration  had  no  effect  upon  the  temperature, 
and  in  one  case  the  pyrexia  seemed  to  be 
aggravated  by  the  operation.  The  idea  that 
persistent  pyrexia  contra-indicates  aspiration 
seems  to  be  without  foundation. 

The  management  of  the  convalescent  stage  of 
pleurisy  is  a  matter  of  the  utmost  consequence, 
to  which  hardly  sufficient  attention  is  usually 
paid.  We  shall  first  consider  the  management 
of  this  stage  in  cases  which  pursue  a  fairly 
normal  and  favourable  course,  and,  secondly,  in 
those  troublesome  and  difficult  cases  of  recurring 
and  persistent  eff'usion.  In  the  former  cases  a 
definitely  tonic  line  of  treatment  should  be 
early  adopted.  When  the  pyrexia  has  dis- 
appeared or  becomes  trifling,  the  patient  should 
leave  his  bed,  take  gentle  exercise  at  first  in- 
doors, and  before  long  in  the  fresh  air,  and  be 
instructed  to  breathe  deeply  and  use  the  dumb- 
bells. A  change  of  air — preferably  to  upland  air 
— and  gentle  daily  walking  exercise  on  moderate 
inclines  will  often  have  the  happiest  results  in 
these  cases.  Singing  may  be  practised  with 
advantage.  The  diet  should  be  as  liberal  as 
the  state  of  the  digestion  will  permit.  The 
possibility  of  subsequent  phthisis  is  always  to 
be  borne  in  mind,  and  a  winter  at  one  of  the 
Alpine  stations  will  sometimes  be  advisable.  It 
is  reasonable  to  hope  that  by  such  measures  the 
proportion  of  these  cases  which  ultimately  be- 
come phthisical  may  be  materially  reduced. 
Much  more  difficult  is  the  management  of  those 
cases,  by  no  means  rare,  where  in  spite  of  re- 
peated aspiration  the  fluid  obstinately  reaccumu- 
lates,  and  no  real  progress  is  made.  Aspiration 
should  have  a  fair  trial,  but  no  rule  can  be  laid 
down  as  to  how  often  it  should  be  repeated. 
The  writer  is  averse  to  very  frequent  repetition 
of  the  operation,  except  as  a  palliative  measure 
in  obviously  incurable  cases.  It  seems  to  be 
generally  agreed  that  free  incision  and  drainage 
is  not  to  be  advised  in  these  cases,  and  that 
injections  of  astringents  or  antiseptics  are  use- 
less. The  writer  has  no  experience  of  these 
methods.  Perhaps  the  best  course  to  pursue 
in  these  unpromising  cases  is  to  adopt  some 
approximation  to  the  tonic  and  hygienic  line  of 
treatment  advised  for  the  more  favourable  class. 
At  best  the  outlook  is  gloomy.  Too  often  the 
heart  becomes  dilated,  dropsy  sets  in,  or  else  an 
intractable  empyema  is  set  up,  or  in  some  other 
way  the  general  health  is  ruined.  Lardaceous 
disease  sometimes  marks  the  final  stage.  Prob- 
ably a  large  proportion  of  these  cases  are 
tubercular. 

In  dealing  with  any  case  of  pulmonary  disease 
the  fact  of  an  antecedent  pleurisy  should  always 
be  allowed  considerable  weight.  It  suggests 
caution  in  prognosis  and  a  careful  search  for 
evidence  of  tuberculosis.     It  should  not  be 


forgotten  in  connection  with  life  assurance 
forecasts. 

(For  a  discussion  of  the  surgical  aspects  of 
aspiration, see  "Paracentesis  Thoracis,"  p.  150.) 

Pleurisy  in  Children 
"Pleurisy  in  children,"  says  Henoch,  "differs 
in  no  essential  particular  from  the  same  disease 
in  later  life."  This  is  true,  there  being  no 
features  of  the  disease  peculiar  to  any  period  of 
life,  yet  pleurisy  in  the  child  requires  special 
attention.  The  difficulties  of  diagnosis  are 
greater  in  the  child  than  in  the  adult,  and  mis- 
leading signs  and  symptoms  are  more  common. 
We  shall  briefly  summarise  the  more  important 
points. 

(a)  Mode  of  Onset. — Vomiting,  epileptiform 
convulsions,  and  other  symptoms  of  cerebral 
irritation  are  commoner  in  the  child  than  in 
the  adult,  but,  on  the  other  hand,  an  insidious 
onset  is  very  common  in  the  child,  and  the 
disease  can  be  recognised  only  by  physical 
examination. 

{h)  Nature  of  the  Effusion. — The  effusion  is 
more  often  purulent  in  the  child  than  in  the 
adult.  Goodheart  found  pus  in  78  out  of  149 
cases  of  pleural  effusion  in  childhood.  It  is 
about  an  even  chance  whether  we  shall  find 
pus  in  any  case  of  acute  pleurisy  with  effusion 
occurring  in  a  child.  Loculation  of  the  fluid  is 
common. 

(c)  Physical  Signs. — The  peculiarities  of  the 
physical  signs  of  pleurisy  in  the  child  depend 
upon  the  facts  that  at  this  age  the  chest  walls 
are  more  yielding,  and  the  lung  tissue  more 
elastic  and  less  easily  compressed  than  in  the 
adult.  Deep  percussion  will  often  yield  reson- 
ance, even  in  the  presence  of  a  large  effusion. 
Light  percussion  is  more  satisfactory.  Skodaic 
resonance  is  well  marked.  Alterations  in  the 
tactile  fremitus  are  less  trustworthy  in  the  child 
than  in  the  adult. 

Bronchial  breathing  is  the  rule  in  childhood, 
either  early  in  the  case  or  lasting  throughout 
the  entire  effusion  stage.  It  is  often  but  not 
always  weak  and  "  distant "  in  quality.  Some- 
times the  breathing  has  the  normal  vesicular 
character,  but  is  less  distinct  than  in  health. 
"Good  though  deficient  vesicular  murmur," 
says  Goodheart,  "may  be  present  all  over  the 
side  which  is  full  of  fluid,  and  unless  this  is 
remembered  there  is  likely  to  be  a  mistake  in 
diagnosis."  In  certain  cases  of  pleurisy  in 
children  the  signs,  especially  in  the  mammary 
region,  may  closely  simulate  those  of  cavity. 
The  breathing  is  hollow,  and  there  are  ad- 
ventitious sounds  not  easily  distinguishable  from 
gurgling  rales.  In  such  cases  the  general 
history  of  the  case,  the  examination  of  the 
sputum,  the  position  of  the  heart,  and  the  result 
of  puncture  may  be  relied  upon  to  establish  the 
diagnosis.  The  exaggeration  of  the  breath 
sounds  on  the  healthy  side  is  marked. 
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(d)  General  Considerations. — Pleurisy  is  more 
often  a  sequel  of  the  acute  infective  diseases  in 
the  child  than  in  the  adult.  Pericarditis  is  said 
to  be  commoner  in  early  life  than  at  a  later 
period.  The  course  and  results  of  pleurisy  do 
not  present  any  striking  peculiarities  in  child- 
hood. Rapid  absorption  is  common,  but  so  also 
is  a  lingering  and  tedious  convalescence. 
Marked  deformity  of  the  chest  may  remain  after 
an  attack,  but  often  undergoes  much  subsequent 
amelioration.  In  empyema  the  prospects  of 
cure  by  simple  aspiration  are  much  better  in 
the  child  than  in  the  adult,  but  incision  and 
drainage  will  usually  be  necessary. 

Varieties  op  Pleurisy.  —  No  satisfactory 
classification  of  pleurisies  is  at  present  possible. 
Most  of  the  usual  varieties  have  been  incidentally 
alluded  to  in  the  course  of  the  foregoing  de- 
scription. The  subject  can  only  be  very  briefly 
considered  here. 

Most  of  the  classifications  which  have  been 
adopted  involve  unverifiable  hypotheses,  or  seek 
to  establish  distinctions  which  a  fuller  knowledge 
may  show  to  be  invalid.  Enough  has  been  said 
to  show  that  the  differentiation  of  tubercular 
pleurisy  from  other  varieties,  which  is  the 
great  practical  desideratum,  cannot  be  estab- 
lished with  certainty  either  by  clinical  or  patho- 
logical evidence.  "  Latent "  or  "  quiet "  pleurisy 
has  no  claim  to  be  regarded  as  a  separate  entity, 
nor  can  "  diaphragmatic  pleurisy "  be  erected 
into  a  distinct  variety.  It  is  very  questionable 
if  pleurisy  ever  remains  limited  to  the  reflection 
of  the  pleura  upon  the  diaphragm  {see  vol.  ii. 
p.  339,  "  Diaphragm  ").  Three  types  of  pleurisy 
remain  for  consideration  which  may  fairly  de- 
mand separate  consideration,  viz.  dry  pleurisy, 
and  chronic  pleurisy  and  empyema. 

Dry  Pleurisy. — In  this  condition  the  pleural 
surface  is  covered  in  part  with  one  or  more 
layers  of  lymph,  and  effusion  does  not  take 
place.  The  symptoms  are  pain  in  the  side, 
slight  pyrexia,  which  may,  however,  be  absent, 
and  some  degree  of  general  malaise.  Friction 
is  heard  on  examination  of  the  chest.  It  is 
commonly  posterior  or  antero-lateral  in  situation, 
usually  in  the  neighbourhood  of  the  base  of  the 
lung,  and  is  most  often  quite  limited  in  extent, 
but  in  exceptional  cases  may  be  heard  almost 
over  the  entire  side  of  the  chest.  The  course 
of  these  cases  is  often  tedious,  but  ultimately 
adhesions  usually  form  between  the  opposing 
pleural  surfaces,  and  recovery  takes  place. 

The  same  doubt  overhangs  the  aetiology  and 
significance  of  these  cases  which  appertains  to 
the  subject  of  acute  pleurisy.  Whether  a 
"  dry  "  pleurisy  is  ever  the  result  of  simple  chill, 
whether  it  ever  arises  in  an  individual  otherwise 
quite  healthy,  whether  the  presence  of  this 
condition  warrants  a  suspicion  of  tuberculosis, 
whether  the  after  history  of  these  cases  shows 
that  their  ultimate  course  is  unfavourable — all 
these  questions  are  at  present  unsettled.  The 


fact  that  in  almost  every  patient  dying  of  a 
chronic  malady  some  adhesions  of  the  pleurse 
are  found,  points  to  the  conclusion  that  this 
membrane  readily  undergoes  plastic  exudation 
in  patients  whose  general  condition  is  bad,  or 
who  are  the  subjects  of  some  constitutional 
malady.  To  infer  that  the  pleural  adhesions 
so  constantly  found  in  the  dead-house  are 
always,  or  even  in  the  majority  of  cases, 
tubercular,  seems  a  large  and  unverifiable 
assumption.  Direct  proof  of  their  tubercular 
nature  is  usually  wanting.  On  the  other  hand, 
it  seems  doubtful  whether  a  "dry"  pleurisy 
ever  arises  as  the  result  of  simple  chill  in  an 
individual  otherwise  quite  healthy,  and  a 
pleurisy  of  this  type  should  be  watched  with  as 
much,  or  even  greater  care  than  an  ordinary 
acute  pleurisy.  Where  friction  is  limited  to 
the  apical  region  the  suspicion  of  tuberculosis 
will  be  much  strengthened. 

The  treatment  consists  in  the  relief  of  pain, 
general  tonic  measures,  and  watchfulness  re- 
garding possible  developments.  The  subject  of 
"  dry  "  pleurisy  should,  if  possible,  shun  indoor 
occupations,  and  all  depressing  conditions  of 
life  and  work  should  be  reduced  to  a  minimum. 
The  sputum,  if  obtainable,  and  the  urine  should 
be  carefully  examined.  It  must  not  be  forgotten 
that  in  exceptional  cases  "dry"  pleurisy  takes 
on  an  acute  development,  and  effusion  may 
suddenly  set  in. 

Chronic  Pleurisy.  —  This  subject  has  been 
already  incidentally  considered.  The  main  facts 
may  be  here  conveniently  summarised.  Chronic 
pleurisy  may  be  a  sequel  of  the  acute  or  sub- 
acute affection,  or  the  attack  may  be  chronic 
throughout.  It  may  be  attended  by  moderate 
or  large  effusion,  or  may  belong  to  the  type  of 
the  so-called  "dry"  pleurisies.  The  so-called 
"  latent "  or  "  quiet  "  pleurisy  already  described, 
in  which  a  large  effusion  collects  without 
definite  symptoms,  is  one  variety  of  chronic 
pleurisy  with  effusion.  In  another  class  of  cases 
an  ordinary  attack  of  acute  or  subacute  pleurisy 
is  characterised  by  persistence  of  the  eff'usion, 
or  by  its  repeated  recurrence  after  aspiration. 
A  large  proportion  of  these  cases  are  probably 
tubercular.  In  a  third  type  of  case  the  exuda- 
tion is  plastic,  more  or  less  extensive  adhesion 
of  the  pleural  surfaces  takes  place,  and  the 
function  of  the  lung  is  in  some  degree  impaired. 
In  very  chronic  cases  thickening  of  the  jileura 
to  an  extreme  degree  may  occur,  the  newly 
formed  tissue  is  often  tough  and  unyielding  in 
consistency,  and  sometimes  it  undergoes  calcar- 
eous change.  The  lungs  may  undergo  cirrhotic 
change.  The  general  course  and  symptoms 
of  chronic  pleurisy  present  great  variations. 
Amongst  the  most  constant  features  are  short- 
ness of  breath,  cough,  progressive  debility, 
slight  cyanosis,  and  diarrhoea.  Pain  is  usually 
present,  but  may  be  slight,  and  may  not  be 
mentioned  by  the  patient  until  inquired  for  by 
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the  physician.  At  a  late  stage  of  some  of  these 
cases  the  symptoms  of  dilatation  of  the  heart 
may  complicate  those  projjer  to  pleurisy. 

The  physical  signs  of  chronic  j^leurisy  depend 
upon  the  amount  of  the  effusion,  the  degree  of 
collapse  of  the  lung  on  the  affected  side,  and 
the  consecutive  changes  in  the  chest  wall.  In 
some  cases  retraction  of  the  side  is  a  prominent 
feature,  in  others  there  is  no  retraction.  Dul- 
ness  on  percussion,  impairment  of  tactile 
fremitus,  and  feebleness  of  the  respiratory 
murmur  are  usually  present,  but  in  very 
varying  degree.  In  some  cases  friction  is  the 
only  physical  sign. 

The  prognosis  is  unfavourable  as  regards 
complete  restituo  ad  integrum,  but  some  of  the 
less  grave  cases  preserve  a  fair  degree  of  health 
and  fitness  for  work  for  long  periods.  It  is  not 
well  to  take  a  grave  view  of  slight  cases  of 
chronic  pleurisy,  but  the  possibility  of  tuber- 
culosis must  always  be  borne  in  mind.  Cases 
of  persistently  recurring  large  effusions  are  very 
unfavourable.  The  treatment  has  been  already 
considered  (see  p.  141). 

Empyema 

The  bacteriology  of  empyema  has  been  already 
considered.  The  organisms  most  often  found 
are  the  pneumococcus,  the  streptococcus,  the 
staphylococcus,  and  various  bacteria  of  putre- 
faction. The  bacillus  tuberculosis  is,  on  the 
whole,  rare.  There  is  a  growing  consensus  of 
opinion  amongst  bacteriologists  that  a  pneumo- 
coccus empyema  is  the  most  favourable  variety, 
and  a  streptococcus  empyema  the  least  favour- 
able. The  significance  of  the  presence  of  the 
bacillus  tuberculosis  must  be  estimated  on 
general  principles. 

JEtioloyy. — In  a  large  proportion  of  empy- 
emata  the  effusion  is  purulent  from  the  onset, 
especially  in  children,  and  due  either  to  some 
intensity  of  the  morbid  process  or  to  the  weak 
resisting  power  of  the  individual.  The  idea 
that  serous  pleurisies  often  become  purulent  as 
the  result  of  repeated  aspiration  rests  on  no 
secure  evidence.  If,  however,  on  a  first  aspira- 
tion the  fluid  is  somewhat  turbid  in  appearance 
and  is  found  to  be  rich  in  cellular  elements, 
empyema  will  probably  result.  These  cases 
are  from  the  outset  on  the  way  to  become 
purulent. 

Pneumonia  is  one  of  the  most  important 
causes  of  empyema,  which  may  either  accompany 
or  succeed  the  pneumonic  attack.  In  the 
former  case  the  clinical  course  and  the  physical 
signs  may  present  some  puzzling  features  until 
the  diagnosis  is  made  out.  The  attack  may  set 
in  with  the  ordinary  signs  and  symptoms,  and 
for  a  few  days  no  special  features  may  be 
present.  But  the  crisis  is  delayed,  the  expected 
improvement  does  not  take  place,  the  looked- 
for  crepitus  redux  does  not  appear,  and 
gradually  unequivocal    signs  of   fluid  in  the 


pleura  make  their  appearance.  Puncture 
should  be  early  practised  in  these  cases,  as  a 
prompt  diagnosis  is  imperative. 

The  pleurisy  connected  with  scarlet  fever  and 
typhoid  is  often  purulent. 

Empyema  may  result  from  disease  of  bone, 
wounds  and  injuries  of  the  thorax,  malignant 
disease  of  the  lungs  or  the  oesophagus,  rupture 
of  an  abscess  or  a  tubercular  vomica  into  the 
pleural  cavity. 

Tuberculous  pleurisy  is  sometimes  purulent, 
but  is  much  more  frequently  sero-fibrinous. 

Empyema  may  occur  in  association  with 
septicsemia. 

Pathology. — The  effusion  presents  all  grada- 
tions from  a  slightly  turbid  sero-pus  to  a  thick, 
inspissated  lumpy  mass,  the  former  condition 
being  characteristic  of  recent,  the  latter  of 
chronic  cases.  Often  the  effusion  is  of  the 
consistence  of  cream.  Fcetor  is  unusual,  but 
may  be  found  in  traumatic  cases,  and  in 
association  with  gangrene  of  the  lungs  or 
pleurte. 

Thickening  of  the  pleura  is  usual,  and  may 
attain  an  extreme  degree  in  very  chronic  cases. 
The  fibrinous  exudation  becomes  organised  into 
granulation,  and  ultimately  into  connective 
tissue,  and  adhesions  are  formed.  Loculation  is 
common.  The  pus  may  become  impregnated 
with  calcareous  salts,  and  calcareous  matter 
may  be  deposited  in  thick  layers  upon  the 
pleural  surface. 

Diagnosis. — There  is  only  one  means  of 
diagnosing  empyema,  viz.  by  puncture  and 
withdrawal  of  some  of  the  fluid.  Often,  no 
doubt,  the  presence  of  pus  may  be  correctly 
surmised,  but  neither  by  signs  nor  symptoms 
can  the  surmise  be  translated  into  certainty. 
The  physical  signs  of  empyema  and  those  of 
serous  effusion  are  identical  and  have  been 
already  fully  considered.  Nor  will  the 
symptoms  sufiice  to  afford  a  secure  diagnosis. 
The  writer  has  seen  marked  hectic  fever,  pro- 
fuse perspiration,  and  wasting  in  cases  where  on 
aspiration  the  fluid  proved  to  be  limpid  serum, 
and,  on  the  other  hand,  has  found  pus  where 
there  was  little  or  no  pyrexia  or  other  active 
symptom.  CEdema  of  the  side  and  clubbing  of 
the  fingers  are  equally  fallacious.  These  signs 
point  to  the  chronicity  of  the  case,  but  shed  no 
certain  light  upon  the  character  of  the  effusion. 
The  history  will  often  give  a  hint,  but  it  must 
be  reafiirmed  that  until  some  of  the  fluid  has 
been  withdrawn  the  diagnosis  remains  simply  a 
more  or  less  probable  guess.  In  making  the 
exploratory  puncture  some  precautions  are 
necessary.  The  exploring  syringe  or  trocar  and 
cannula  should  not  be  too  fine,  otherwise  the  pus 
will  not  flow  through  it.  The  thickening  of  the 
pleura  may  be  extreme,  and  great  difficulty 
may  arise  in  gaining  access  to  the  pleural  cavity. 
Further,  loculation  is  common,  and  the  pus 
may  be  missed.    This  error  may  usually  be 
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avoided  by  the  operator  taking  care  to  insert 
the  instrument  at  a  point  where  the  signs  of 
the  presence  of  fluid  are  unequivocal. 

Treatment.  —  This  is  purely  surgical  {see 
"Surgical  Section,"  p.  148). 

Hydrothorax 
Dropsy  of  the  pleural  cavity  or  serous  effusion 
not  due  to  primary  changes  in  the  pleura  is  a 
common  condition,  and  is  not  unfrequently 
overlooked.  It  is  common  in  heart  disease, 
Bright's  disease,  or  other  chronic  renal  malady, 
and  may  be  found  in  connection  with  aneurysm, 
thoracic  tumours,  chronic  hepatic  disease,  and 
anaemia. 

The  nature  of  the  effusion  has  been  already 
considered.  It  is  usually  distinguishable  from 
inflammatory  or  bacterial  effusion  by  its  lower 
specific  gravity,  its  relative  poorness  in  corpus- 
cular elements,  and  its  tardiness  in  coagulating. 

The  physical  signs  are  not  to  be  distinguished 
from  those  of  ordinary  pleural  effiision,  but 
friction  is  not  present,  and  as  the  effusion  is 
often  double  the  heart  may  remain  in  its  normal 
position.  It  is  remarkable,  however,  how  often 
the  effusion  is  unilateral  in  cases  where  a 
bilateral  effusion  might  be  expected.  A  uni- 
lateral effusion  is  quite  common  in  cardiac  cases, 
perhaps  more  common  than  a  double  effusion. 
A  very  usual  condition  in  these  cases  is  to  find 
a  considerable  effusion  on  one  side,  with  a  slight 
and  barely  recognisable  effusion  on  the  other. 
In  renal  disease  the  effusion  is  more  often  on 
both  sides.  Passive  effusion  into  one  or  both 
pleural  cavities  is  a  very  usual  explanation  of 
the  aggravation  of  symptoms  in  a  cardiac  case, 
and  should  always  be  carefully  borne  in  mind. 
In  such  patients,  however,  so  long  as  they  are 
confined  to  bed  and  making  little  or  no  exertion, 
a  considerable  degree  of  effusion  may  take  place 
into  one  or  both  pleural  cavities  without  any 
marked  increase  of  dyspnoea. 

The  treatment  of  hydrothorax,  apart  from 
general  medical  measures,  is  aspiration,  which 
should  always  be  practised  where  there  are  any 
active  symptoms.  The  prospects  of  spontaneous 
absorption  are  rarely  good.  They  are,  perhaps, 
best  in  cardiac  cases. 

HiBMOTHORAX 

An  effusion  of  pure  blood  into  the  pleura 
probably  occurs  only  as  the  result  of  trauma, 
or  the  rupture  of  an  aneurysm,  but  effusions 
of  more  or  less  sanguineous  serum  (more  rarely 
pus)  are  not  very  infrequent.  The  causes  of 
this  condition  have  been  already  indicated,  viz. 
tuberculosis,  malignant  disease,  the  exanthemata, 
hsemophilia,  scurvy,  cirrhosis  of  the  liver,  and 
possibly  inflammatory  changes  in  profoundly 
debilitated  subjects. 

The  physical  signs  do  not  present  anything  dis- 
tinctive, but  the  associated  conditions  may  give 
rise  to  a  somewhat  complicated  clinical  picture. 

VOL.  VIII 


The  chief  interest  of  these  cases  lies  in  the 
prognostic  significance  of  sanguineous  effusion. 
This  varies  within  wide  limits,  according  to  the 
aetiology,  but  for  obvious  reasons  the  prognosis 
is  rarely  favourable.  A  satisfactory  issue, 
though  not  often  to  be  anticipated,  is  by  no 
means  unknown.  The  writer  has  known  com- 
parative recovery  with  restoration  of  health  for 
several  years  to  follow  a  case  of  large  sanguine- 
ous effusion  in  a  young  gentleman  who  was 
probably  tubercular. 

As  regards  treatment,  aspiration  is  not  to  be 
lightly  undertaken,  but  the  propriety  of  the 
operation  may  be  considered  in  cases  where  the 
amount  of  the  fluid  is  causing  serious  incon- 
venience. Several  cases  are  on  record  where 
the  operation  has  been  followed  by  recovery, 
but  it  may  be  attended  by  considerable  risks. 
The  presumption  is,  on  the  whole,  against  this 
procedure  in  hsemothorax. 

Pneumothorax 

Air  in  the  pleural  cavity  is  almost  always 
associated  with  fluid — rarely  serum,  usually  pus. 
That  air  is  sometimes  effused  into  the  pleural 
cavity  and  subsequently  absorbed  without  appre- 
ciable exudation  is  probable,  but  the  clinical 
importance  of  these  cases  is  slight.  Practically 
pneumothorax  and  pyo-pneumothorax  are  almost 
convertible  terms.  In  a  large  majority  of  cases 
pneumothorax  is  a  consequence  of  tuberculosis. 

J^tiology. — It  is  probable  that  pneumothorax 
is  never  a  primary  affection.  Laennec  believed 
the  contrary,  and  held  that  it  might  arise  by 
the  exhalation  of  air  from  the  pleura  or  by  the 
decomposition  of  fluids  in  the  pleural  cavity. 
These  views  have  not  been  confirmed  by  sub- 
sequent observers.  Whether  bacteriology  will 
throw  much  new  light  on  the  aetiology  of  pneu- 
mothorax is  still  doubtful.  E.  Levy  describes 
a  bacillus  which  he  has  found  in  the  exudate  of 
pneumothorax,  and  to  which  he  is  disposed  to 
attach  importance.  It  is  a  short,  thick  bacillus 
with  rounded  ends,  anaerobic,  non-motile,  and 
readily  stained  by  aniline  dyes.  It  occurs 
frequently  in  pairs,  but  often,  also,  in  long 
chains  or  threads.  Spore-formation  was  not 
observed  to  occur.  At  a  temperature  of  37°  C. 
the  growth  of  this  bacillus  proceeds  actively, 
with  a  remarkable  evolution  of  gas. 

The  two  chief  causes  of  pneumothorax  are  (1) 
the  breaking  down  of  a  subpleural  nodule  in 
the  course  of  pulmonary  tuberculosis,  and  (2) 
the  discharge  of  an  empyema  through  the  lung 
or  the  chest  wall.  Of  remaining  causes  trauma 
and  pulmonary  gangrene  are  the  least  infre- 
quent. Emphysema  has  been  educed  as  a  cause 
in  a  few  instances,  and  inasmuch  as  bullae  con- 
taining air  are  common  enough  on  the  pleural 
surface  in  this  disease,  there  is  no  antecedent 
improbability  that  pneumothorax  might  result. 
If  these  bullae  rupture  it  seems  likely  that  the 
air  is  often  reabsorbed,  and  that  pneumothorax 
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does  not  as  a  rule  ensue.  In  one  case  in  the 
writer's  practice  pneumothorax  was  the  indirect 
result  of  gastric  ulcer,  an  abscess  forming  behind 
the  stomach,  which  penetrated  to  the  pleural 
cavity  through  the  diaphragm,  and  ultimately 
discharged  through  the  lung.  Abscess  of  the 
lung,  cancer  of  the  lung,  "apoplexy"  of  the 
lung,  have  been  regarded  as  causes  of  pneu- 
mothorax. Such  cases  must  be  of  extreme 
infrequency.  The  writer's  experience  is  en- 
tirely in  accord  with  the  statement  of  Douglas 
Powell :  "  Excluding  gunshot  wounds,  the  dis- 
charge of  empyemata,  and  gangrene  of  the  lung, 
it  is  infinitely  rare  for  pneumothorax  to  occur 
from  any  other  cause  than  the  breaking  down 
of  subpleural  consolidations  in  phthisis." 

The  admission  of  air  to  the  pleural  cavity  in 
consequence  of  the  aspiration  of  an  empyema 
is  an  occasional  cause  of  pneumothorax. 

As  regards  the  relative  frequency  of  the  var- 
ious causes  of  pneumothorax,  pulmonary  tuber- 
culosis easily  takes  the  first  place.  Saussier, 
whose  statistics  are  quoted  by  Fraentzel,  found 
pulmonary  tuberculosis  in  81  out  of  131  cases 
of  pneumothorax.  These  figures,  as  Fraentzel 
justly  remarks,  "evidently  give  a  too  small 
comparative  proportion  to  pulmonary  consump- 
tion." He  regards  this  cause  as  present  in 
about  14  out  of  every  15  cases.  Walshe  puts 
the  proportion  of  cases  coming  under  this  head 
at  90  per  cent.  Empyema  is  a  somewhat  fre- 
quent cause  of  pneumothorax.  Saussier  found 
this  cause  present  in  29  of  his  131  cases.  The 
other  causes,  excepting  perhaps  gangrene  of  the 
lung,  are  quite  rare. 

As  regards  the  proportion  of  cases  of  pul- 
monary tuberculosis  in  which  pneumothorax 
occurs,  we  find  divergent  views.  Neil  put  it 
at  13  per  cent,  Williams  at  10  per  cent,  West 
and  Powell  at  5  per  cent.  The  writer's  experi- 
ence tends  to  corroborate  the  last  figure. 

Authorities  differ  as  to  which  side  is  oftener 
aff"ected,  but  the  point  is  immaterial. 

Pathology.  —  Most  observers  incline  to  the 
opinion  that  pneumothorax  is  most  apt  to  occur 
in  acute  cases  of  pulmonary  tuberculosis,  espe- 
cially in  the  acute  caseating  form,  but  Fraentzel 
holds  the  contrary  view,  and  asserts  that  in  his 
experience  pneumothorax  has  arisen  most  often 
in  chronic  cases,  and  usually  at  a  very  advanced 
stage  of  the  disease.  This  has  also  been  the 
experience  of  the  writer.  Acute  miliary  tuber- 
culosis and  fibroid  tuberculosis  seem  to  have 
little  tendency  to  cause  pneumothorax.  Violent 
fits  of  coughing  and  straining  at  stool  seem  to 
be  the  usual  exciting  causes  of  pneumothorax  in 
tubercular  cases.  The  tubercular  masses  break 
down  near  the  surface  of  the  lung,  necrosis  of 
the  pleura  occurs,  and  pneumothorax  follows. 
If  it  were  not  for  the  formation  of  protecting 
pleural  adhesions,  pneumothorax  would  be  a 
common,  instead  of  a  rare,  phase  of  pulmonary 
tuberculosis. 


There  may  be  one  or  several  openings,  and 
the  opening  or  openings  may  be  large  or  small, 
patent  and  direct,  or  oblique  and  valvular.  As 
regards  the  seat  of  the  perforation,  Williams 
found  it  in  the  upper  lobe  in  17  instances,  in 
the  middle  lobe  in  4,  and  in  the  lower  lobe  in 
16,  in  the  tubes  between  the  upper  and  middle 
lobes  in  1.  Walshe  was  of  opinion  that  "the 
pleura  commonly  gives  way  postero-laterally  in 
the  area  comprised  between  the  third  and  sixth 
ribs."  West's  figures  give  a  large  preponderance 
to  the  upper  lobe. 

The  mode  in  which  empyema  or  pulmonary 
gangrene  gives  rise  to  pneumothorax  is  too 
obvious  to  demand  any  detailed  description. 

The  gas  effused  into  the  pleural  cavity  is 
found  to  have  approximately  the  characters  of 
expired  air.  J.  Lasch  states,  on  the  authority 
of  some  unnamed  observers,  that  by  estimating 
the  amount  of  oxygen  and  carbon  dioxide  in 
this  gas,  we  can  determine  whether  or  not  there 
is  a  free  comumnication  between  the  bronchi 
and  the  pleural  cavity.  If  a  free  opening  exists, 
the  proportion  of  oxygen  is  over  10  per  cent, 
that  of  carbon  dioxide  not  exceeding  5  per  cent, 
while  if  no  such  opening  exists  the  proportion 
of  oxygen  is  under  10  per  cent,  that  of  carbon 
dioxide  over  10  per  cent. 

Douglas  Powell  estimated  the  state  of  the 
intrapleural  pressure  in  16  cases  of  pneumo- 
thorax. He  found  the  pressure  nil  in  4  cases, 
and  in  12  cases  the  pressure  varied  from  If 
to  7  inches  of  water. 

Clinical  History. — Mode  of  Onset. — In  a 
considerable  proportion  of  cases  the  onset  is 
sudden  and  well  marked,  and  symptoms  of 
severe  shock  are  present.  The  patient  feels  a 
severe  pain  in  the  chest,  he  has  the  sensation 
"as  if  something  had  given  way,"  dyspnoea 
becomes  urgent,  the  pulse  is  much  accelerated, 
and  a  clammy  perspiration  breaks  out.  Cyanosis 
is  often  a  marked  feature.  The  decubitus  of 
the  patient  varies.  Cough  and  expectoration 
sometimes  cease  temporai-ily. 

It  is  by  no  means  rare,  however,  to  find  these 
symptoms  absent  or  ill  marked.  As  Fraentzel 
truly  observes,  pneumothorax  often  comes  on 
in  advanced  phthisis  "  without  any  particular 
complaint  on  the  part  of  the  patient,  and  with- 
out any  decided  aggravation  of  the  previously 
existing  dyspncea  ;  and  it  is  only  on  a  closer 
examination  that  we  discover  the  presence  of  an 
accumulation  of  air  in  the  pleural  cavity."  In 
cases  where  pneumothorax  supervenes  upon  em- 
pyema the  first  indication  of  its  presence  may 
be  the  ejection  of  a  large  quantity  of  pus  from 
the  mouth.  It  is  probable  that  the  acuteness 
of  the  symptoms  of  onset  has  some  relation  to 
the  functional  activity  of  the  lung  on  the  affected 
side  at  the  moment  when  perforation  of  the 
pleura  occurs.  If  the  lung  be  comparatively 
sound  the  symptoms  will  probably  be  urgent, 
while  if  it  be  extensively  damaged  by  consolida- 
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tion,  softening,  and  excavation  the  symptoms 
will  tend  to  be  more  latent.  According  to 
Douglas  Powell,  the  symptoms  of  pneumothorax 
'*  may  be  most  closely  simulated  in  an  attack  of 
acute  pulmonary  congestion  supervening  upon 
already  advanced  disease." 

Progress  of  the  Case. — The  patient  may  die 
within  a  few  hours  from  shock,  but  this  is  rare. 
Usually  he  rallies,  unless  he  is  already  in  the 
last  stages  of  exhaustion  consequent  on  advanced 
pulmonary  phthisis,  and  his  condition  may  either 
show  little  change  as  the  result  of  the  new  phase 
of  his  malady,  or  he  may  gradiially  sink,  or  in 
exceptional  cases  the  occurrence  of  pneumo- 
thorax may  tend  to  retard  the  progress  of  the 
pre-existing  tuberculosis.  Recovery  is  possible, 
especially  in  cases  consequent  on  empyema  (see 
"  Prognosis  "). 

The  temperature  in  pneumothorax  shows 
much  variation.  In  cases  where  the  onset  of 
the  condition  is  attended  by  much  shock,  there 
is  usually,  as  might  be  expected,  a  sudden  fall 
followed  by  a  sharp  rise.  The  course  of  the 
temperature  is  most  often  similar  to  what  is 
found  in  tuberculosis. 

Physical  Signs. — These  are  usually  definite 
and  characteristic. 

{a)  Inspection. — The  affected  side  is  distended 
and  immobile.  The  intercostal  spaces  are  flat- 
tened. The  movements  of  the  sound  side  are 
exaggerated.  The  impulse  of  the  heart  may  be 
seen  to  be  displaced  towards  the  sound  side. 
The  shoulder  on  the  affected  side  is  I'aised. 

{h)  Palpation. — Vocal  fremitus  is  abolished. 
The  liver  and  spleen  may  be  felt  to  be  displaced 
downwards.  This  is  common  in  pneumothorax, 
while  it  is  rare  in  pleural  effusion. 

(c)  Percussion. — The  percussion  note  is  hyper- 
resonant  or  tympanitic,  miless  the  distension 
of  the  side  is  excessive,  when  the  so-called 
"  tympanitic  dulness  "  may  be  present.  Cardiac 
dulness  is  often  obliterated. 

{d)  Auscultation.  —  The  breath  sounds  are 
weak  or  absent.  In  some  cases  they  are  faintly 
amphoric.    Vocal  resonance  is  diminished. 

Certain  special  auscultatory  signs  are  found 
in  pneumothorax,  and  are  of  much  assistance  in 
diagnosis.  These  are:  (1)  metaUic  tinkling; 
(2)  the  bell  sound  {brtiit  d'airain) ;  and  (3) 
succussion  splash.  (1)  Metallic  tinkling  was 
compared  by  Laennec  to  the  sound  produced 
when  a  metallic,  glass,  or  porcelain  cup  is  struck 
by  a  pin.  He  explained  it  as  caused  by  drops 
of  fluid  falling  in  an  air-filled  cavity.  Its  mode 
of  production  is  doubtful.  (2)  The  bell  sound, 
or  bruit  d'airain,  is  a  highly  characteristic 
chiming  sound,  produced  over  a  pneumothorax 
by  placing  one  coin  upon  the  chest  wall  and 
striking  it  with  a  similar  coin.  (3)  Succussion 
splash.  If  the  patient  is  suddenly  shaken, 
while  the  observer  hstens  through  the  stetho- 
scope, a  splashing  sound  is  often  clearly  audible. 

Metallic  tinkling,  the  bell  sound,  and  the 


succussion  splash  simply  indicate  that  fluid  is 
present  in  a  large  air-containing  cavity,  and  are 
not  pathognomonic  of  pneumothorax.  They  may 
arise  in  connection  with  large  phthisical  cavities, 
or  a  distended  stomach,  or  a  distended  colon. 

The  physical  signs  of  pneumothorax  may  be 
modified  by:  (1)  the  state  of  the  lung  on  the 
affected  side,  e.g.  by  consolidation  or  excavation  ; 
(2)  the  state  of  the  lung  on  the  sound  side 
(this  lung  is  frequently  the  seat  of  disease,  and 
the  physical  signs  will  vary  accordingly) ;  (3) 
the  amount  of  fluid  present  in  the  affected 
side. 

Diagnosis. — This  is  usually  obvious.  Atten- 
tion to  the  history  and  the  physical  signs  rarely 
leaves  much  room  for  uncertainty.  Practically, 
almost  the  only  condition  likely  to  give  rise  to 
difficulty  is  a  large,  thin-walled  pulmonary 
vomica ;  but  in  such  cases  the  heart  is  not 
displaced  towards  the  sound  side,  the  side  is 
flattened  rather  than  distended,  the  bell  sound 
will  probably  be  absent,  and  the  distribution  of 
the  physical  signs  is  diff"erent  from  that  which 
prevails  in  pneumothorax. 

Prognosis. — This  must  have  regard  both  to 
the  antecedent  condition  and  to  the  special 
dangers  arising  from  the  occurrence  of  pneumo- 
thorax. Two  questions  present  themselves  for 
discussion :  (1)  What  is  the  prognostic  signi- 
ficance of  the  occurrence  of  pneumothorax  in  a 
case  of  chronic  pulmonary  phthisis  1  and  (2) 
What  importance  must  be  attached  to  pneumo- 
thorax supervening  upon  empyema'? 

As  regards  the  former  question,  it  may  be 
answered  that  pneumothorax  occurring  in  the 
course  of  pulmonary  phthisis  usually  precipitates 
the  fatal  issue.  Douglas  Powell  found  the 
average  duration  of  life  in  39  cases  of  this  kind 
to  be  only  twenty-seven  days.  In  the  most 
favourable  case  the  duration  of  life  was  twelve 
months.  Weil  found  that  out  of  45  cases  about 
one-half  were  dead  within  a  month,  while  some 
survived  for  years. 

In  rare  cases  the  occurrence  of  pneumothroax 
seems  to  retard  the  progress  of  pulmonary 
tuberculosis.  The  writer  has  seen  one  striking 
case  of  a  young  man  who  decidedly  improved 
after  pneumothorax  had  occurred  in  the  course 
of  chronic  phthisis.  The  patient  regained  a 
considerable  degree  of  health,  but  was  subse- 
quently lost  sight  of. 

As  regards  the  second  question,  pneumothorax 
supervening  upon  empyema  sometimes — it  is 
difficult  to  say  in  what  proportion  of  cases — 
takes  a  favourable  course.  In  2  recent  cases 
in  the  writer's  practice  recovery  took  place. 
One  of  the  patients  was  found  to  be  in  good 
health  three  years  subsequent  to  the  occurrence 
of  pneumothorax. 

According  to  Fraentzel,  pnevmiothorax  occur- 
ring in  association  with  gangrene  of  the  lung  is 
usually  fatal  within  twenty  days. 

Treatment. — If  shock  be  pronounced  at  the 
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outset  appropriate  measures — such  as  morphia 
or  ether  by  hypodermic  administration,  and  the 
exhibition  of  alcohol^ — must  be  employed.  If 
there  be  evidence  of  excessive  intrathoracic 
pressure  a  fine  trocar  should  be  introduced, 
and  some  of  the  contained  air  allowed  to  escape. 
It  must  not  be  forgotten  that  this  procedure  is 
attended  by  the  danger  that  the  diminution  of 
the  intrathoracic  pressure  may  cause  the  re- 
opening of  the  perforation  of  the  pulmonary 
cavity  in  cases  where  pneumothorax  has  arisen 
in  advanced  phthisis.  Hence  great  caution 
should  be  used,  and  aspiration  is  not  to  be 
employed.  If,  as  is  almost  invariable,  fluid  as 
well  as  air  be  present  in  the  pleural  cavity, 
some  of  it  should  be  withdrawn  and  examined. 
Dr.  Finlay  is  of  opinion  that  if  the  fluid  be 
serous  "  the  general  condition  of  the  patient 
will  be  no  worse  than  if  air  alone  were  present ; 
probably,  indeed,  better,  as  the  pressure  exerted 
on  the  lung  may  tend  to  check  the  progress  of 
disease  in  it,  and  will  promote  the  effectual 
sealing  up  of  the  perforation.  If  the  liquid  be 
foetid  pus  nothing  but  harm  can  come  from 
letting  it  remain  in  the  pleura,  and  it  ought  to 
be  evacuated  at  once."  The  same  authority, 
referring  to  cases  where  the  fluid  is  purulent 
but  not  foetid,  advises  that,  "  if  the  pneumo- 
thorax have  resulted  from  rupture  of  an  empyema 
into  the  lung,  the  chest  should  be  freely  opened 
and  drained,  and  the  same  would  hold  good  if 
the  empyema  had  ruptured  through  the  chest 
wall,  the  opening  which  nature  makes  not  being, 
as  a  rule,  sufficient  for  free  drainage.  And  even 
in  the  case  of  pneumothorax  of  tuberculous 
origin  a  consideration  of  general  principles 
dictates  the  free  evacuation  of  the  pus."  As 
to  the  propriety  of  leaving  a  serous  effusion  in 
pneumothorax  undisturbed  there  can  be  no 
second  opinion.  Such  cases  are,  however,  of 
little  practical  importance.  Foetid  pus  should, 
it  is  clear,  be  promptly  evacuated  by  incision 
and  drainage.  The  treatment  of  pneumothorax 
consequent  upon  empyema  is  not  quite  so 
certain.  There  is  much  to  be  said  for  the 
advisability  of  freely  opening  the  chest  in  the 
hope  that  the  pus  will  thus  easily  drain  from 
the  most  dependent  part,  and  that  the  broncho- 
pleural fistula  will  close,  but  success  will  some- 
times attend  an  expectant  policy.  Two  of  the 
best  cases  of  recovery  which  have  occurred  in 
the  writer's  practice  were  cases  belonging  to 
this  class,  in  which  for  various  reasons  no 
operative  measures  were  undertaken.  Opera- 
tion in  cases  of  pneumothorax  consequent  upon 
the  rupture  of  a  vomica  into  the  pleural  cavity 
is  of  most  doubtful  expediency.  Many  of  these 
cases  are  already  hopeless.  The  patients,  as  a 
rule,  are  ill  fitted  to  bear  operative  interference. 
There  is  always  the  bare  chance  that  the  occur- 
rence of  pneumothorax  may  not  alter  the 
patient's  condition  for  the  worse.  In  view  of 
these  considerations,  the  safer  rule  would  appear 


to  be  to  recommend  operation  only  when  the 
urgency  of  the  symptoms  or  the  special  indica- 
tions of  the  individual  case  would  appear  to 
indicate  its  advisability. 

The  general  treatment  of  pneumothorax  in 
cases  which  survive  the  early  dangers  of  the 
condition  must  be  on  tonic  and  hygienic  lines. 
In  rare  cases  success  may  be  achieved  when 
little  expected. 

Malignant  Disease  of  the  Pleura. — This 
subject  will  be  considered  in  detail  in  the 
surgical  section.  A  brief  reference  to  it  must 
suffice  in  this  place.  Primary  malignant  growths 
are  rare  in  the  pleura,  but  may  occur  in  the 
form  of  endothelioma  or  sarcoma.'  Secondary 
deposits  are  much  more  frequent.  In  such 
cases  the  seat  of  the  primary  affection  is  usually 
the  lungs,  mediastinum,  or  mamma. 

The  diagnosis  may  present  considerable  diffi- 
culties until  the  case  has  made  progress.  The 
onset  is  insidious,  pyrexia  is  slight,  pain  is 
occasionally  present  and  may  be  severe,  but 
this  is  not  invariable,  shortness  of  breath  and 
cough  are  usual,  and  as  time  goes  on  progressive 
emaciation  and  debility  will  probably  appear. 
The  physical  signs  are  for  a  time  simply  those 
of  effusion.  Examination  of  the  fluid  may  give 
important  indications.  It  is  usually  hfemor- 
rhagic,  and  may  contain  cancer  cells  (see 
"  Hoemorrhagic  Effusion,"  p.  134).  The  fluid 
may,  however,  be  simply  serous,  and  present 
no  distinctive  features.  At  a  later  stage  signs 
of  pressure  will  probably  appear  with  displace- 
ment of  organs. 

The  duration  of  these  cases  is  from  a  few 
weeks  to  from  three  to  six  months. 

The  treatment  must  be  on  general  lines. 
Paracentesis  should  not  be  performed  unless  it 
is  urgently  indicated  by  pressure  symptoms. 
(See  "  Surgical  Diseases  of  the  Pleura," 
infra;  and  "  Mediastinum,"  vol.  vi.  p.  230  et  seq.). 

Lyinphatics  of  the  Pleura. — As  in  other  serous 
membranes,  lymphatic  vessels  are  abundant  in 
and  beneath  the  pleura.  They  are  found  in 
large  numbers  in  the  thin  layer  of  areolar  tissue 
underlying  the  serous  covering.  "  These  vessels 
communicate  on  the  one  side  by  means  of  stomata 
with  the  pleural  cavity,  and  on  the  other  with 
a  network  of  similar  vessels  in  the  interalveolar 
septa  of  the  lungs  "  (Quain). 
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Injuries  of  the  Pleura. — Severe  contusion 
of  the  chest,  without  fracture  or  external  wound, 
may  cause  rupture  of  both  pleural  layers,  and 
be  followed  by  surgical  emphysema  {q.v.),  pneu- 
mothorax, hfemothorax,  or  inflammation  of  the 
pleura  with  effusion.  Such  an  injury  will  prob- 
ably be  associated  with  graver  damage  to  the 
lung,  and  the  symptoms  and  treatment  may,  in 
some  measure,  be  influenced  thereby.  As  the 
air  is  mechanically  freed  from  germs  in  its 
passage  through  the  lungs  it  enters  the  pleural 
cavity  quite  pure,  and  accordingly  such  injuries, 
in  nearly  every  case,  may  be  expected  to  rim 
an  aseptic  course. 

Emphysema  of  the  cellular  tissue  may  be  left 
to  nature,  as  the  air  becomes  absorbed  in  about 
a  week.  It  is  only  when  the  air  is  widely 
diffused  and  its  pressure  embarrassing,  that  it 
may  be  dealt  with  by  multiple  punctures  with 
a  fine  trocar. 

Pneumothorax  thus  arising  may  also  be 
watched,  unless  the  dyspnoea  be  extreme,  when 
a  fine  trocar  and  cannula  may  be  employed  for 
the  release  of  the  air.  It  is  not  desirable  to 
use  an  aspirator  in  either  of  these  conditions. 

Hcemothorax,  in  like  manner,  should  not  be 
interfered  with  unless  the  dyspnoea  be  distress- 
ing ;  and  if  the  aspirator  be  used  for  the  evacua- 
tion of  the  blood,  care  should  be  taken  not 
to  draw  fresh  blood  by  undue  suction.  The 
mechanical  assistance  of  the  air  and  blood  in 
the  cavity,  with  consequent  compression  and 
temporary  shrinkage  of  the  lung,  is  favourable 
to  the  closure  of  the  rent  in  the  visceral  pleura, 
hence  the  excuse  for  non-operative  measures, 
save  in  extreme  dyspnoea. 

Lacerations  of  one  or  both  pleural  layers  may 
occur  in  simple  fractures  of  the  ribs  or  sternum, 
particularly  in  those  due  to  direct  violence,  and 
the  same  principles  of  treatment  apply. 

Penetrating  Wounds. — Wounds  of  various 
kinds,  including  gunshots  and  compound  frac- 
tures, admitting  air  from  without  to  the  pleural 
sac  are  regarded  as  penetrating,  the  parietal 
layer  of  the  membrane  being  considered  the 
boundary.  Apart  from  the  associated  visceral 
damage,  these  injuries  derive  their  gravity  from 
septic  matters  carried  in  from  the  surface, 
scraps  of  clothing  and  metallic  bodies  lodged  in 
the  sac.  It  should  be  remembered  that  the 
pleurse  may  be  wounded  through  the  abdomen 
or  at  the  root  of  the  neck. 

Traumatopnoea,  or  breathing  through  the 
wound,  is  a  sign  of  penetration,  but  it  does  not 
necessarily  imply  wound  of  the  visceral  pleura. 

In  obscure  cases  it  is  unwise  to  probe  small 
wounds  lest  penetration  be  thereby  caused.  It 
is  better  practice  to  enlarge  the  surface  wound 
and  examine  it  with  the  finger,  if  it  be  desirable 
to  ascertain  its  depth,  or  to  deal  effectively  with 
intercostal  haemorrhage. 

Small  incised  wounds,  after  thorough  anti- 
septic cleansing,  may  be  closed  at  once,  and  if 


sutures  are  used  they  should  not  include  the 
parietal  layer.  Larger  wounds,  and  all  punc- 
tured and  gunshot  wounds,  after  similar  careful 
disinfection,  should  be  covered  with  a  copious 
absorbent  antiseptic  dressing  and  binder.  It  is 
better  not  to  close  them  completely,  so  that 
drainage  may  be  secured.  Many  such  heal 
without  inflammation.  Even  gunshot  wounds 
with  lodged  bullets  often  do  well,  as  the  experi- 
ence of  the  South  African  war  abundantly 
illustrates ;  and  it  further  teaches  that  pro- 
longed search  by  extensive  operations  for  these 
projectiles  is  not  the  best  course  to  adopt. 
Lodged  foreign  substances,  if  readily  accessible, 
should  of  course  be  extracted,  either  through 
the  wound,  which  may  be  enlarged  for  this 
purpose,  or  through  an  independent  incision  ; 
metallic  bodies  being  located  by  the  X-ray 
apparatus  when  available. 

In  the  later  management  of  these  cases,  should 
temperature,  pulse,  and  dulness  indicate  inflam- 
matory effusion,  the  character  of  this  may  be 
estimated  by  the  exploring  syringe.  If  purulent, 
arrangements  must  be  made  for  free  drainage, 
either  by  enlarging  the  wound,  or,  if  this  be  in 
an  unfavourable  situation,  by  an  independent 
opening,  according  to  the  principles  laid  down 
in  the  section  on  empyema. 

Tumours  of  the  Pleura. — Primary  neoplasms 
are  rare.  Secondary  growths  arising  by  exten- 
sion of  tumours  from  the  lung,  mediastinum, 
breast,  or  adjacent  bones  are  not  uncommon. 

Primary  Tumours.  Secondary  Tumours. 

1.  Fibroma.  1.  Sarcoma. 

2.  Sarcoma.  2.  Cancer. 

3.  Endothelial  cancer. 

Fibrous  tumours  have  been  described  by 
Kingston  Fowler  and  Steven  forming  broad 
thickenings  of  the  pleura  with  dense  adhesions 
to  the  lung.  Their  structure  is  laminated, 
enclosing  small  cysts,  very  dense  and  glistening 
on  section,  and  of  a  pink  colour.  They  are 
incapable  of  surgical  extirpation. 

Sarcomata  in  all  varieties  occur,  but  the 
round-celled  is  the  commonest. 

Endothelial  tumours,  which  are  microscopically 
indistinguishable  from  true  cancers,  are  supposed 
to  spring  from  the  pleural  endothelium,  or  from 
the  original  surface  epithelium  of  the  embryo. 
These  either  form  whitish  nodules  scattered 
over  the  parietal  layer,  or  broad,  flat,  continuous 
infiltrations  covering  the  entire  membrane. 

Diagnosis. — The  early  symptoms  are  obscure  : 
shortness  of  breath,  loss  of  strength  and  weight, 
and  coughing.  There  may  be  slight  fever, 
irregular  vomiting,  and  albuminuria.  Pain 
may  be  wholly  absent,  slight,  or  persistently 
severe.  At  a  later  stage  dark  or  bloody  effusion 
will  probably  be  found,  and  this  may  be  the 
first  sign  to  suggest  the  diagnosis.  The  fluid 
may  be  microscopically  examined  for  cell 
elements,  for  it  must  be  borne  in  mind  that 
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hsemorrhagic  eftiision  may  occur  in  many  other 
states,  like  tuberculosis,  scurvy,  nephritis,  the 
exanthemata,  and  heemophilia.  After  aspiration 
in  tumour  cases  the  dulness,  diminished  fremitus, 
and  resonance  may  remain.  Further,  the  dis- 
placement of  the  heart  or  diaphragm  is  remark- 
ably slight,  and  there  are  usually  no  signs  of 
pressure  on  the  vessels,  trachea,  or  ojsophagus. 
The  chest  may  even  be  retracted  in  some  cases. 

Prognosis  is  uniformly  unfavourable.  Most 
sufferers  die  in  from  two  to  six  months,  in  rare 
instances  they  linger  for  one  or  two  years. 

Treatment. — Extirpation  is  impossible.  Even 
aspiration  should  not  be  resorted  to  very 
frequently,  but  only  used  when  the  dyspnoea 
demands. 

Exploration  of  the  Pleura 

Paracentesis  Thoracis — Thoracentesis — Aspira- 
tion of  the  Pleura. — Aspiration  or  tapping  of 
the  pleura  may  be  required  in  hydrothorax, 
hsemothorax,  chylothorax,  pneumothorax,  tuber- 
cular and  malignant  efTusions,  ordinary  serous 
pleurisy,  and  empyema.  It  may  be  regarded  as 
exploratory  or  curative.  The  reader  is  referred 
to  the  preceding  articles  for  the  indications  as 
to  its  employment  in  these  conditions. 

The  operation  may  be  performed  with  a 
trocar  and  cannula,  or  the  cannula  may  be 
furnished  with  a  long  rubber  tube  to  assist  by 
siphonage.  Southey's  capillary  trocars  may 
be  used  when  a  very  gradual  removal  of  the 
fluid  seems  advisable.  All  of  these  methods 
may  fail  to  empty  the  pleura,  and  therefore 
most  operators  prefer  an  aspirator.  Two  foi'ms 
of  this  instrument  have  their  advocates — 
Dieulafoy's  syringe  aspirator  and  Potain's  bottle 
aspirator.  The  latter  is  more  rapid  and  less 
laborious  to  work  owing  to  the  larger  vacuum 
engaged,  but  Dieulafoy's  instrument  is  the 
safer,  as  it  can  be  more  accurately  gauged  and 
controlled  in  the  event  of  pain,  bleeding,  or 
syncope  supervening. 

It  is  assumed  that  the  instruments  have  been 
sterilised,  and  that  the  hands  of  the  operator 
and  the  skin  of  the  patient  have  been  cleansed 
with  soap  and  water,  rubbed  with  ether  or 
alcohol,  and  finally  moistened  with  carbolic 
lotion  1  in  40,  or  a  mercurial  lotion  1  in  1000. 
The  patient  should  be  recumbent  or  nearly  so. 
No  general  anaesthetic  is  needed,  even  in 
children ;  and  local  anjesthesia  by  freezing  or 
cocaine  is  also  best  avoided,  as  the  former 
hardens  the  tissues,  and  the  latter  may  cause 
a  misleading  syncope. 

The  puncture  should  not  be  made  too  low 
down,  lest  the  abdomen  be  entered.  Any  intei'- 
space  from  the  fifth  to  the  eighth  inclusive  on 
the  left  side,  and  either  the  fifth  or  sixth  on 
the  right,  will  suit,  as  the  vacuum  renders  the 
operation  independent  of  gravitation.  The 
needle  should  be  of  good  size,  yVtV  hich,  and 
the  trocar  and  cannula  mount  is  preferable  to 


the  single  needle,  as  the  cannula  can  be  cleared 
if  blocked  by  coagula.  Guarded  by  the  fore- 
finger, and  guided  by  the  left  forefinger  pushed 
into  the  interspace,  the  needle  should  be  con- 
fidently thrust  through  the  middle  of  the  space. 
A  hesitating  movement  is  apt  to  push  the 
thickened  pleura  before  the  needle  and  fail  to 
lodge  it  in  the  cavity.  For  a  similar  reason 
a  hypodermic  syringe,  often  used  in  the  pre- 
liminary exploration,  is  not  to  be  recommended, 
as  from  the  shortness  and  fineness  of  its  needle 
and  feeble  suction  it  may  fail  to  reach  and  draw 
a  sample  of  the  fluid. 

The  evacuation  should  proceed  slowly, 
particularly  in  left-sided  cases  in  which  there 
is  marked  displacement  of  organs ;  and  if 
bleeding,  pain,  spasmodic  cough,  or  syncope 
arise  it  will  be  well  to  suspend  or  stop  the 
operation.  In  the  event  of  bleeding  it  is  un- 
wise to  resume ;  but  in  the  three  other  con- 
ditions mentioned,  the  operator  may  judge  by 
their  severity  and  persistence  whether  he  may 
proceed.  In  the  absence  of  these  symptoms, 
it  is  best  to  wholly  empty  the  cavity,  as  the 
absorption  of  the  residue,  after  removal  of  a  part 
of  the  fluid,  does  not  occur  so  frequently  as  to 
entitle  one  to  calculate  upon  its  occurrence. 

At  the  close  the  puncture  may  be  sealed  with 
an  antiseptic  pad  and  strapping,  or  it  may  be 
painted  with  collodion.  It  is  neither  necessary 
nor  desirable  to  bind  the  chest  after  aspiration ; 
on  the  contrary,  the  respiratory  movements 
should  be  encouraged. 

Difficulties  in  the  operation  may  arise  from 
close  approximation  of  the  ribs,  thickening  of 
the  pleura,  a  midtiloculated  condition,  and 
much  coagulation  of  the  fluid.  Care  should 
be  taken  not  to  wound  the  heart,  pericardium, 
or  the  abdominal  organs.  Wounding  of  the 
intercostal  vessels  need  not  be  feared.  Two 
special  risks  require  more  detailed  notice,  viz. 
syncope  and  acute  pulmonary  oedema.  Syncope 
is  not  uncommon  during  the  progress  of  the 
operation,  and  is  to  be  promptly  combated  by 
diffusible  stimulants,  nitrites,  and  by  hypo- 
dermic injections  of  strychnia  and  ether. 

Acute  oedema  of  the  lung  (L'expectoration 
albumineuse,  Terrillon),  with  copious  expectora- 
tion of  serum,  is  believed  to  be  due  to  the 
sudden  release  of  the  lung  from  pressure,  with 
vaso-motor  changes  and  consequent  flooding  of 
the  air  vesicles  with  serum  strained  off  from 
the  dilated  capillaries.  It  is  an  alarming  con- 
dition and  fortunately  rare.  We  are  unable 
"to  foresee,  prevent,  or  alleviate  it"  (S.  Paget). 

ffidema  is  moi-e  likely  to  follow  the  too  rapid 
evacuation  of  a  large  effusion,  and  the  onset 
may  be  immediate,  or  be  delayed  for  a  few 
minutes  or  an  hour  or  two.  The  duration  of 
the  attack  may  only  be  a  few  minutes,  or  extend 
to  hours  or  days.  The  patient  becomes  cyanosed, 
oppressed  in  breathing,  with  incessant  cough, 
and  may  expectorate  in  an  hour  or  two  one  to 
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three  pints  of  frothy  serum.  Fine  moist  rales 
are  heard  over  the  lung.  A  fatal  termination 
is  not  infrequent,  but  many  recover.  Prompt 
treatment  by  alcohol,  the  nitrites,  and  strychnia 
must  be  instituted,  and  dry  cupping  and  oxygen 
inhalations  may  also  be  administered. 

Drainage  of  chronic  pleurisies  that  demand 
repeated  aspiration  has  been  much  debated ; 
and  although  successful  cases  have  been  re- 
corded by  West,  Morison,  Wilson,  and  others 
it  must  be  admitted  that  this  step  has  not 
yet  received  wide  surgical  approbation.  The 
almost  inevitable  conversion  of  such  pleurisies 
into  empyemata,  with  persistent  discharge, 
renders  the  propriety  of  incising  and  draining 
these  cavities  very  doubtful.  The  writer's 
experience  is  wholly  in  favour  of  depending 
upon  repeated  aspiration  in  such  cases. 

Empyema.  — Surgical  Treatment  of.  — It  should 
be  remembered  that  purulent  collections  in 
the  pleura  are  usually  loculated  ;  in  a  smaller 
number  of  instances  the  pus  occupies  the  entire 
cavity ;  some  are  multilocular ;  and  a  few  are 
bilateral.  Of  the  bilateral  eiTusions  one  side 
may  contain  serous  fluid  and  the  other  pus. 

Recently  it  has  been  sought  to  determine  the 
presence  of  pus  by  the  X-rays  (Walsham,  Kilian), 
but  in  the  present  state  of  our  knowledge  the 
aspiration  of  a  sample  of  the  fluid  is  still  needed 
for  proof. 

The  classification  of  empyemata  into  five 
forms,  according  to  the  micro-organism  engaged 
in  their  production,  has  an  important  bearing 
upon  surgical  management  and  prognosis. 

1.  Pneumonococcus  empyema. 

2.  Streptococcus  ,, 

3.  Saprogenic  ,, 

4.  Tubercular  ,, 

5.  Staphylococcus  ,, 

The  last  named  is  often  variously  mixed  with 
the  other  forms,  and  does  not  often  appear  as  a 
separate  pathological  entity  (Netter). 

While  it  cannot  be  denied  that  one  or  more 
exhaustive  aspirations  may  cure  a  pneumono- 
coccal  empyema,  especially  in  children,  it  will 
commonly  be  found  necessary  to  provide  a  free 
opening  with  drainage,  either  by  incision  through 
an  intercostal  space  or  the  excision  of  a  seg- 
ment of  a  rib.  Certainly  in  streptococcal,  sapro- 
genic, and  staphylococcal  empyemata  no  delay 
is  warrantable,  as  the  pus  is  sure  to  reaccumu- 
late  after  aspiration,  and  the  risk  to  life  of  the 
retention  of  these  kinds  of  pus  is  greater  than 
in  the  pneumonococcal  variety,  which  is  the 
most  hopeful  of  all.  On  the  other  hand,  the 
writer  has  seen  nothing  but  misfortune  result 
from  these  open  measures  applied  to  tubercular 
empyema,  and  he  strongly  endorses  the  view 
that  aspiration,  repeated  only  so  often  as  the 
dyspnoea  demands,  instead  of  permanent  drain- 
age, is  the  best  course  to  adopt  in  these  very 
unpromising  cases. 

Anaesthesia  in  these  operations  is  always  an 


anxious  question,  particularly  so  in  patients 
with  much  dyspnosa  and  displacement  of  organs, 
and  in  those  with  recently  established  broncho- 
pleural fistula.  The  antesthesia  should  never 
be  profound ;  and  indeed,  in  both  its  general 
and  local  forms  it  may  occasionally  be  dis- 
pensed with.  Chloroform  or  methylene  is  more 
suitable  than  ether,  as  the  latter  embarrasses 
by  the  coughing  and  salivation  which  it  induces. 
A  preliminary  aspiration  to  reduce  the  excessive 
quantity  of  pus  is  often  a  wise  precaution. 

Tlie  patient  should  be  recumbent,  and  rolled 
over  on  the  sound  side  as  little  as  possible. 
The  opening  should  be  made  in  the  eighth 
interspace  just  in  front  of  the  scapular  angle, 
or  the  ninth  rib  may  be  resected  in  the  same 
situation.  Efficient  drainage  both  in  the  erect 
and  lying  postures  is  thus  provided,  and  it  will 
seldom  be  found  necessary  to  make  two  thoracic 
openings  as  was  formerly  the  practice  recom- 
mended. In  small  loculated  empyemata  the 
opening  must  of  course  be  made  where  the 
dulness  indicates,  and  in  all  cases  the  presence 
of  pus  at  the  selected  spot  must  be  verified 
by  an  exploratory  puncture  at  the  time  of 
operation. 

Excision  of  a  rib  is  superior  to  mere  incision 
of  an  interspace,  for  it  supplies  an  opening  which 
does  not  become  valvular,  and  which  admits  a 
finger  for  examination  of  the  cavity  and  lung 
and  the  evacuation  of  large  fibrinous  coagula. 
Moreover,  the  advantage  of  easy  dressing  in 
children  and  nervous  adults  is  obvious.  The 
risks  of  the  bony  section  favouring  pyaemia, 
etc.,  are  fanciful. 

The  Operation. — In  incising  an  interspace  the 
■  soft  parts  are  to  be  steadied  upon  the  lower  rib, 
bounding  the  interspace  with  the  left  forefinger 
and  thumb,  and  an  incision  two  and  a  half  to 
three  inches  long  is  made  down  upon  its  upper 
border,  thus  avoiding  the  intercostal  vessels  and 
nerve.  When  all  bleeding  points  have  been 
secured,  the  pleura  is  opened  by  a  small  in- 
cision, which  is  widened  by  the  insertion  of  a 
dressing  forceps.  The  finger  is  then  introduced 
to  prevent  a  too  rapid  escape  of  the  pus,  and  to 
assist  in  dislodging  coagula. 

Excision  of  the  rib  involves  a  three-inch  in- 
cision boldly  carried  down  to  the  middle  of  its 
outer  surface,  dividing  the  periosteum  with  the 
other  soft  tissues.  The  periosteum  is  raised 
towards  the  rib  borders  with  an  elevator  for  two 
inches,  and  the  intercostal  muscles  are  detached 
for  a  like  distance,  with  due  regard  to  the 
vessels  and  nerve,  which  are  practically  never 
seen.  The  periosteum  is  then  cautiously  separ- 
ated from  the  deep  surface  by  a  lateral  move- 
ment of  the  elevator,  and  a  segment  of  bone, 
about  an  inch  and  a  half  in  length,  is  clipped 
out,  the  elevator  being  used  as  a  lever  to  facili- 
tate this  step.  After  securing  the  bleeding 
points,  the  pleura  is  opened  as  above  described, 
and  the  finger  is  introduced  to  ascertain  the 
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degree  of  lung  recession  and  to  rake  out  fibrin- 
ous coagula. 

At  this  stage  the  propriety  of  washing  out 
the  cavity  with  normal  saline  solution  at  100° 
Fahr.,  or  boracic  acid  solution,  or  other  non- 
poisonous  antiseptic,  may  be  considered.  The 
frequent  sudden  fatalities  resulting  from  such 
lavage,  and  the  clinical  observation  that  even 
the  most  putrid  dischai-ges  become  sweet  in  a 
few  days  by  thorough  drainage,  justify  a  con- 
demnation of  this  practice  as  a  routine  measure. 
If  ever  euiployed,  the  irrigating  funnel  and  tube 
should  be  used  instead  of  a  syringe,  and  the 
lotion  allowed  to  flow  into  the  cavity  in  the 
gentlest  stream,  a  tube  of  larger  calibre  having 
been  inserted  to  serve  as  an  outflow,  in  order 
that  no  compression  of  the  lung  by  the  irrigat- 
ing fluid  may  take  place. 

No  sutures  are  required  for  the  wound.  The 
permanent  drain  tube  is  placed  in  position 
and  lightly  packed  around  with  iodoform  or 
cyanide  gauze,  a  copious  absorbent  pad  of  wood- 
wool tissue  is  placed  over  the  gauze,  and  a 
binder  or  many-tailed  bandage  is  applied  over 
all. 

Drainage  tubes  of  metal,  vulcanite,  glass,  or 
rubber  with  a  metallic  core  have  been  advo- 
cated ;  but  a  simple  rubber  tube,  one-third  or 
one-half  inch  in  diameter,  and  furnished  with  a 
sheet-rubber  or  gutta-percha  shield  to  prevent 
it  slipping  into  the  cavity,  answers  all  purposes. 
Such  a  tube  should  have  no  lateral  perforations, 
save  one  near  the  free  end,  and  it  should  pro- 
ject about  one  inch  into  the  pleural  cavity. 
There  is  no  advantage  in  long  tubes  ;  but  when 
much  flocculent  material  mingles  with  the  pus, 
two  tubes  of  slightly  different  lengths,  arranged 
parallel,  may  occasionally  obviate  blocking. 

Bilateral  empyema  should  be  approached 
with  caution,  for,  if  extensive  pleural  adhesions 
have  not  formed,  it  will  not  be  safe  to  open 
both  pleurse  at  the  same  time.  One  side 
should  be  aspirated  and  the  other  incised. 
After  an  interval  of  a  week  or  more  the  aspir- 
ated side  may  be  freely  opened  also. 

Treatment  after  Operation. — The  dressings 
may  be  changed  twice  daily  for  a  few  days,  and 
later  once  a  day  will  suffice.  The  tube,  if 
patent,  need  not  be  disturbed  for  a  week.  The 
time  at  which  it  can  be  permanently  dispensed 
with  varies  with  the  amount  and  character  of 
the  discharge.  One  week  in  children  and  three 
weeks  in  adults  may  be  regarded  as  minimal. 
A  safer  guide  is  the  amount  of  the  discharge ; 
when  this  declines  to  half  an  ounce  or  less,  and 
becomes  almost  serous  in  kind,  the  tube  may  be 
discarded.  Godlee's  plan  of  passing  a  railroad 
catheter  every  third  day,  for  a  short  time  there- 
after, to  prevent  accumidation,  may  be  borne  in 
mind.  The  patient  may  sit  up,  if  strong 
enough,  in  a  week  or  ten  days  after  operation ; 
and  may  get  out  of  doors  in  three  weeks, 
provided  there  is  no  fever. 


Causes  of  Death  in  Empyema. — Death  may 
result  from  increasing  embarrassment  of  breath- 
ing in  the  unrelieved  cases.  In  connection  with 
anaesthesia,  operations,  or  lavage,  the  catas- 
trophic deaths  have  already  been  alluded  to. 
In  chronic  cases  with  discharge,  septic  poisoning, 
pyaemia  with  visceral  abscesses,  hectic  fever, 
amyloid  disease,  and  recurrent  haemorrhages 
from  the  giving  way  of  pleural  adhesions,  may 
all  account  for  fatal  terminations. 

Prognosis  is  very  favourable  in  the  acute 
empyema  of  children,  in  whom  the  pneumono- 
coccal  form  is  so  common.  In  adults  this  form 
is  also  very  hopeful,  if  treated  early.  The 
streptococcal,  staphylococcal,  and  saprogenic 
forms  are  more  dangerous ;  but  often  do  well, 
if  uncomplicated  by  visceral  disease  or  general 
septic  states.  The  tubercular  variety  is  practic- 
ally incurable,  in  so  far  as  cessation  of  discharge 
is  concerned,  but  the  fatal  issue  may  be  delayed 
for  months  or  years. 

As  to  the  relative  frequency  of  these  forms, 
Netter's  analysis  of  110  cases  showed — 32  of  the 
pneumonococcal ;  51  of  the  streptococcal,  often 
combined  with  the  staphylococcal;  15  of  the 
saprogenic  ;  and  12  of  the  tubercidar. 

Thoracoplasty.  —  Estldnder^s  Operation  — 
Thorax  Resection. — Five  factors  are  concerned 
in  the  obliteration  of  the  empyema  cavity — viz. 
the  expansion  of  the  lung,  adhesions  between 
the  pleural  layers,  contraction  of  the  granulation 
tissue  tending  to  draw  the  lung  and  chest  wall 
together,  the  elevation  of  the  diaphragm,  and 
the  falling  in  of  the  ribs  from  atmospheric 
pressure.  To  favour  the  last  of  these,  in 
intractable  cases,  Estliinder  devised  the  operation 
of  resecting  portions  of  those  ribs  that  bound 
the  cavity.  The  number  and  length  of  the 
segments  requiring  removal  are  determined  by 
flexible  probes  passed  through  the  sinus,  and 
during  the  operation  by  the  finger  itself. 

One  long  incision  over  the  central  rib  will 
admit  of  three  ribs  being  excised  ;  but,  where  a 
larger  number  of  ribs  is  condemned,  several 
incisions  may  be  needed,  or,  better,  a  large  flap 
of  the  thoracic  skin  and  muscles  may  be  turned 
up.  The  ribs  are  subperiosteally  excised  for 
the  required  distance,  and  the  flap  or  wound 
edges  sutured,  leaving  ample  drainage  open- 
ings for  tubes  or  gauze  tampons.  Schede 
suggested  an  actual  "  thorax  resection."  Turn- 
ing up  a  large  musculo-cutaneous  flap,  with  its 
base  upwards,  and  extending  from  the  fourth 
rib  in  front  down  to  the  tenth  rib  in  the 
axillary  line,  and  up  along  the  vertebral  border 
of  the  scapula,  Schede  resects  the  ribs  from 
their  tubercles  to  the  costo-chondral  junctions. 
Though  the  ribs  are  subperiosteally  excised  to 
save  haemorrhage,  the  periosteum  is  subsequently 
excised  together  with  the  intercostal  muscles 
and  the  thickened  parietal  pleura,  forming  the 
whole  outer  wall  of  the  cavity.  He  then  re- 
places the  scapula  and  flap,  which  have  mean- 
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while  been  strongly  retracted.  The  operation 
is  a  severe  one,  attended  by  much  shock  and 
hfemorrhage,  and  the  results  are  often  disap- 
pointing. Schede's  tables  of  his  operations, 
showing  10  cases  with  8  cures  and  2  deaths, 
are  very  encouraging,  but  the  experience  in 
this  country,  while  not  unfavourable  to  its 
adoption  in  selected  cases,  is  not  such  as  to  lead 
to  so  sanguine  an  estimate  of  its  general 
applicability  and  value.  It  must  be  conceded 
that  no  other  operations  remedy  the  spinal 
curvature  or  restore  the  figure  in  so  marked  a 
manner  as  these  extensive  resections,  but,  on 
the  other  hand,  many  of  these  resections  are 
only  partial  obliterations  of  the  cavity,  the 
apical  portion  remaining  a  suppurating  space 
requiring  permanent  drainage  and  resisting  all 
attempts  at  closure  by  skin  grafting  and  other 
plastic  measures.  The  comparative  immobility 
of  the  two  upper  ribs  is  responsible  for  the 
failure.  The  first  rib  has  been  resected,  but  it 
is  considered  unwise  to  tamper  with  it ;  and  the 
sinkage  of  the  second  on  resection  is  very 
trifling  and  the  result  disappointing.  As  a 
guide  to  the  selection  of  cases  for  these  extensive 
resections  it  may  be  stated,  that  marked  spinal 
deformity,  copious  exhaustive  discharge,  or 
recurrent  haemorrhage  form  indications ;  but 
the  best  chance  of  success  is  afforded  by  single 
cavities  of  moderate  size,  bounded  by  the  lower 
and  more  movable  ribs,  in  subjects  under 
middle  age  who  are  free  from  tubercular  taint. 

It  must  not  be  forgotten  that  chronic 
empyema  patients  occasionally  live  for  fifteen  to 
twenty  years,  and  may  be  able  to  follow  their 
occupations  notwithstanding  a  daily  discharge 
of  pus. 

Certain  difficulties  that  occasionally  compli- 
cate the  management  of  empyema  remain  for 
consideration. 

1.  Natural  openings  in  unfavourable  situa- 
tions may  have  formed,  and  the  advantage  of 
making  an  artificial  drain  opening  in  the  situa- 
tion recommended  may  in  such  cases  be  con- 
sidered. With  our  present  knowledge,  the 
natural  pointing  of  the  empyema  ought  theor- 
etically never  to  be  seen.  Marshall  long  ago 
pointed  out  its  frequent  occurrence  in  the  second 
and  fifth  interspaces  in  front. 

2.  Broncho-pleural  fistula  may  exist,  and  if 
after  a  week  or  two  it  is  evident,  from  the  con- 
tinuance of  septic  fever,  sweating,  and  cough, 
that  the  cavity  retains  much  pus,  a  suitable 
empyema  operation  has  much  to  recommend  it, 
but  caution  about  administering  a  general  anaes- 
thetic will  not  be  misplaced. 

3.  Abscess  of  the  brain,  "  pulmonal  cerebral 
abscess,"  is  said  to  occur  in  about  8  per  cent  of 
suppurations  in  the  pleura  and  lung.  It  is 
probably  pysemic,  and  does  not  lend  itself 
favourably  to  trephining,  for  it  may  be  multiple 
and  difficult  to  localise.  If  the  signs  are  clear, 
it  would  be  right  to  trephine  and  drain  it. 


4.  A  differential  diagnosis  must  be  made  from 
pyo-pericardium,  subphrenic  abscess,  and  hy- 
datids. Reference  to  the  special  articles  upon 
the  pericardium  and  subphrenic  abscess  may  be 
made  for  their  respective  signs,  but  a  brief 
notice  of  pleural  hydatids  is  introduced  below. 

Hydatids  in  the  Pleura  may  be  primary,  or 
they  may  extend  to  the  pleura  from  the  lungs 
or  liver.  The  favourite  seat  is  the  lower  part 
of  the  right  pleura.  They  may  attain  a  large 
size  or  may  burst  into  a  bronchus,  the  patient 
coughing  up  characteristic  elements,  which,  if 
mingled  with  bile,  point  to  a  hepatic  origin.  If 
a  hydatid  svippurate,  the  signs  and  treatment 
resemble  those  of  empyema,  and  the  prognosis, 
when  similarly  incised  and  drained,  is  good. 
Before  suppuration  signs  of  a  localised  collection 
of  fluid  having  a  convex  upper  outline  may  be 
detected,  and  these  signs,  associated  with  con- 
siderable pain,  but  no  fever,  may  excite  suspicion 
of  hydatids.  Probably  aspiration  will  have  been 
carried  out  before  a  diagnosis  is  made.  In 
some  cases,  however,  transient  attacks  of  slight 
fever  as  the  hydatid  grows  may  be  met  with. 
As  regards  treatment,  it  is  to  be  remembered 
that  aspiration  in  hydatids  has  special  risks  of 
swamping  the  lung  and  thus  suffocating  the 
patient.  If,  therefore,  a  strong  probability  exist 
that  the  disease  is  hydatids,  free  incision,  with 
removal  of  the  cyst,  should  be  preferred.  In 
chronic  cases  wherein  the  cyst  cannot  be  ex- 
tirpated prolonged  drainage  must  be  employed. 

Pleura.lg'icl. — Intercostal  neuralgia.  See 

Hysteria  [Sensory  Disorders,  Hyperciesthesia). 

Pleura.pophysiS. — The  lateral  process 
of  a  vertebra  or  the  structure  representing  it 
(a  rib). 

Pleurisy  or  Pleuritis.   See  Pleura, 

Diseases  of  (^Pleurisy),  and  Cross  References. 

PleurO-.  —  In  compound  words  pleuro- 
(Gr.  TrXevpd,  side,  Trkevpov,  a  rib)  means  relating 
to  the  side,  to  a  rib,  or  to  the  pleura ;  e.g. 
pleurocele  (hernia  of  the  pleura),  pleurodynia 
(pain  in  the  side),  and  pleurospondylian  (having 
the  ribs  firmly  fixed  to  the  vertebrse). 

Pleurodynia.. — This  term  is  applied  to 
the  pain  of  a  so-called  rheumatic  nature  that 
affects  the  muscles  and  fibro-tendinous  struc- 
tures of  the  chest  wall.  It  is  commonly  spoken 
of  as  muscular  rheumatism.  Its  aetiology  will 
be  discussed  later  (see  "  Rheumatism  ").  The 
clinical  features  are  fairly  distinct,  and  consist 
of  a  sharp,  sudden,  and  often  lancinating  pain 
in  the  intercostal  space.  In  some  cases  the  pain 
is  very  acute,  and  cough  is  a  frequent  accom- 
paniment. On  physical  examination  little  may 
be  found,  but  in  well-marked  cases  there  is  an 
area  of  acute  tenderness  in  the  intercostal  space 
or  in  the  pectoral  or  serratus  muscles.  Pain  is 
aggravated  by  the  respiratory  movement.  The 
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diiferential  diagnosis  has  to  be  made  from  inter- 
costal neuralgia  and  cardiac,  pulmonary,  or 
pleural  disease.  The  former  is  characterised  by 
the  presence  of  localised  painful  points  corre- 
sponding to  the  entrance  of  sensory  nerves ;  the 
latter  must  be  determined  by  looking  for  the 
ordinary  physical  signs  of  cai'diac  or  pulmonary 
disease.  The  local  treatment  consists  in  the 
application  of  a  collodion  dressing,  or  strip  of 
plaster.  Some  cases  are  much  benefited  by 
counter-irritation.  Only  in  specially  severe 
cases  will  it  be  necessary  to  give  an  opiate  for 
the  relief  of  the  pain.  The  disease  is  a  con- 
stitutional one,  and  the  general  treatment  will 
be  described  under  "  Rheumatism  "  (q.v.). 

PleuromelUS.— A  teratological  type  in 
which  an  accessory  limb  springs  from  the  side 
of  the  thorax. 

Pleuroperitoneal.— Affecting  or  be- 
longing to  both  the  pleura  and  the  peritoneum. 
See  Tuberculosis  {Morbid  Anatojny). 

Pleuro -  Pneumonia.  —  Inflammation 
affecting  both  the  pleui'a  and  the  lungs,  especi- 
ally a  contagious  disease  in  horned  cattle,  with 
this  character.  See  Food  {Characteristics  of 
Unsoundness)  ;  Milk  [Pathological). 

PleuroprOSOpOSCh  isiS.  —  Lateral 
fissure  of  the  face  ;  a  genal  cleft  due  to  im- 
perfect closure  of  the  fissures  between  the 
fronto-nasal,  superior  maxillary,  and  mandibular 
processes.    See  Cheek,  Fissure  of. 

Pleurosomatoschisis.  —  A  terato 

logical  type  in  which  there  is  gastroschisis 
(open  condition  of  the  trunk)  in  the  side  ;  con- 
genital lateral  aperture  of  the  trunk. 

Pleurosomus.  —  A  teratological  type 
characterised  by  lateral  fissure  of  the  chest  wall 
with  or  without  prolapse  of  the  lungs  and 
heart  through  it. 

Pleurospasm. — Cramp  in  the  side. 

PleurothotonOS.— The  arching  of  the 
body  to  one  side  due  to  spasm  of  the  muscles 
of  that  side. 

Pleurotomy. — Incision  into  the  pleura. 

Pleurotyphoid. — Typhoid  fever  com- 
plicated by  pleurisy.  See  Typhoid  Fever  [Symp- 
toms, Pleuro-fj/phoid). 

Plexiform.  —  Resembling  a  plexus,  e.g. 
plexiform  neuroma,  a  disease  in  which  numerous 
tumours  affect  the  nerves. 

Plexi meter. — A  disc  or  plate  of  ivory 
(or  other  substance)  placed  on  the  body  in 
mediate  percussion  ;  it  is  struck  by  the  plexor 
or  hammer. 

Plexus. — In  Anatomy  a  plexus  is  a  struc- 


ture made  up  of  interwoven  nerves,  vessels,  or 
fibres,  e.g.  the  brachial  plexus,  the  coeliac  plexus, 
the  hypogastric  plexus,  etc. 

Plica.  —  A  fold,  e.g.  the  pliccB  vaginoe 
(vaginal  ruga;),  or  the  ^jfea  semilunaris  (a  fold 
of  conjunctiva  of  the  eye). 

Plica  Polonica  s.  Saxonica.— A 

morbid  state  of  the  hair  of  the  scalp,  of  the 
beard,  or  of  some  other  part  of  the  body,  re- 
garded at  one  time  as  a  special  disease  but  now 
known  to  be  due  to  want  of  cleanliness ;  the 
hair  is  filthy  and  is  matted  together  into  a  stiff, 
tangled  mass,  in  which  parasites  abound ;  it 
was  common  at  one  time  in  Poland,  Posen,  and 
Galicia.    See  Pediculosis  ( Fediciilosis  Capitis). 

PI  i  m  m  e  r'S  Bodies!.  —  Intracellular 
bodies  found  in  cancerous  tissues,  and  once 
regarded  as  the  causal  agent  of  cancer. 

Plombi^res.  *S'ee  Balneology  (France); 
Mineral  Waters  {Thermal). 

Plug'g'ing'.  See  Abortion  {Treatment  of 
Inevitable  Abortion,  Plugging  the  Cervix);  La- 
bour, Post-Partum  HyEMORRHAGE  {Treatment, 
Curative,  Plugging  the  Uter'us) ;  Labour,  Ob- 
stetric Operations  {Induction  of  ^Premature 
Labour);  Pregnancy,  Haemorrhage  {Unavoid- 
able Hemorrhage,  Treatment,  Champetier  Bag) ; 
Puerpbrium,  Pathology  {Sudden  Death,  Plug- 
ging of  Pulmonary  Artery) ;  Uterus,  Inflamma- 
tions of  {Chronic  Metritis,  Treatment). 

Plug's. — Vaginal  plugs  or  tampons  are 
applications  consisting  of  cotton-wool,  iodoform 
gauze,  marine  lint,  etc.,  introduced  into  the 
vagina  with  the  view  of  checking  haemorrhage, 
supporting  the  uterus,  or  relieving  inflammation; 
they  often  contain  some  medicinal  substance 
such  as  glycerine,  ichthyol,  or  a  styptic. 

Plumbism. — Lead-poisoning.  See  Toxi- 
cology {Lead) ;  Trades,  Dangerous  {Lead,- 
Poisoning) ;  Water  {Diseases  produced  by  Im- 
pure Water). 

Plumbum.  See  Lead  and  Cross  Refer- 
ences (vol.  V.  p.  377). 

Plummer'S  Pill.  —  A  pill  containing 
calomel,  sulphuretted  antimony,  guaiaciim  resin, 
castor  oil,  and  alcohol ;  pilula  hydrargyri  sub- 
chloridi  composita  of  the  B.P. 

Plural  Pregnancy.— Twin  pregnancy 
or  a  gestation  in  whicli  two  or  more  foetuses  are 
present  in  the  uterus ;  a  pluripara  is  a  woman 
who  has  given  birth  to  twins  or  (more  frequently) 
one  who  has  had  more  than  one  pregnancy.  See 
Labour  in  Multiple  Pregnancy  ;  Pregnancy, 
Multiple. 

Plutomania.— A  form  of  insanity  or 
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monomania  in  which  the  patient  believes  himself 
to  be  extraordinarily  wealthy. 

PneobiOgrnOSiS. — The  test  whether  a 
child  has  been  born  alive  or  dead,  by  the  presence 
or  absence  of  air  in  the  lungs.  See  Medicine, 
Forensic  (Infanticide,  Hydrostatic  Test). 

PneOgfra-ph. — An  instrument  for  graphi- 
cally indicating  the  characters  of  the  respiratory 
current  of  air  (Gr.  Trvew,  I  blow). 

PneumarthrOSiS. — Air  or  gas  in  a 

joint. 

PneumatO-> — In  compound  words  pneu- 
mafo-  (Gr.  TrveC/xa,  air)  means  relating  to  air,  to 
gas,  or  to  respiration ;  e.g.  pneumatometer,  an 
instrument  for  measuring  the  amount  of  air 
taken  into  and  expelled  from  the  lungs  during 
inspiration  and  expiration. 

Pneumatocele. — A  tumour  or  hernia 
containing  air  or  gas,  e.g.  a  pneumatocele  of  the 
neck.  See  Neck,  Region  of  (Cysts  and  Cystic 
Tumours). 

Pneumatosis. — The  presence  of  air  or 
gas  in  organs  or  tissues  of  the  body  from  which 
it  is  usually  absent  or  in  which  it  is  normally 
present  in  small  amount,  e.g.  in  the  stomach  in 
nervous  dyspepsia.  See  Indigestion  (Nervous 
Dyspepsia). 

Pneumatotherapy. — The  treatment 
of  disease  by  compressed  air. 

Pneumaturia. — The  presence  of  free 
gas  in  the  urine.  See  Urine,  Pathological 
Changes  in  (Pnetimaturia). 

Pneumo-. —  in  compound  words  pneumo- 
(Gr.  TTvevfia,  wind  or  air)  means  relating  to  the 
lungs  or  to  respiration ;  e.g.  pneumolith  (a  con- 
cretion in  the  lung),  pneuniorrhagia  (pulmonary 
liEemorrhage  or  apoplexy),  and  pneumotyphus 
(typhus  fever  accompanied  by  pneumonia). 

PneumobacilluS.  —  The  bacillus  of 
Friedlander,  which  may  be  found  along  with  or 
apart  from  the  pneumococcus  in  cases  of  pneu- 
monia. See  Pneumonia,  Bacteriology  (Other 
Bacteria). 

Pneumococcus.  —  See  Pneumonia, 
Bacteriology.  See  also  Bone,  Diseases  of 
( Osteomyelitis  due  to  Pneumococcus) ;  Conjunc- 
tiva, Diseases  of  (Acute  Ophthalmia,  Etiology) ; 
Ear,  Acute  Inflammation  of  the  Middle 
(Causes,  Micro  -  organisms)  ;  Expectoration 
(Parasites,  Pnetoinococcus) ;  Fluids,  Examina- 
tion OF  Pathological  (Bacteriology) ;  Meninges 
of  the  Cerebrum  (Acute  Simple  Meningitis, 
Micro-organisms) ;  Meningitis,  Epidemic  Cere- 
bro-Spinal  (Bacteriology) ;  Nose,  Examination 
OF  the  (Secretion,  Bacteriology) ;  Peritoneum 
(Pathology,  Bacteriology) ;  Peritoneum,  Tuber- 


culous Peritonitis  (Pneumococci) ;  Pleura, 
Diseases  of  (Bacteriology  of  Pleural  Ejfusio7is) ; 
Post-mortem  Methods  (Bacteriological  Investi- 
gations) ;  Septicaemia  (Definition,  Bacteria) ; 
Stomach  and  Duodenum,  Diseases  of  (Infective 
Gastritis,  Bacteria) ;  Teeth  (Bacteriology  of  the 
Mouth) ;  Tonsils,  Diseases  of  (Tonsillitis, 
Causes). 

Pneumoconiosis.    See  Lungs,  Pneu- 

MONOKONIOSIS. 

Pneumoderma. — Emphysema  of  the 
subcutaneous  tissues. 

PneumOgastriC— Literally  the  term 
means  relating  to  the  lungs  and  to  the  stomach, 
but  most  commonly  it  is  the  vagus  nerve  which 
is  intended  when  the  word  pneumogastric  is 
employed.  See  Vagus  Nerve.  See  also  Epi- 
lepsy (Symptoms,  Epigastric  Aura) ;  Heart, 
Physiology  of  (Cardiac  Nervous  System)  ; 
Larynx,  Neuroses  of  (Innervation  of  the 
Larynx) ;  Pharynx,  Examination  of  (Neuroses 
of  Sensation) ;  Physiology  (Cranial  Nerves,  Cir- 
culation, Respiration,  etc.) ;  Stomach  and  Duo- 
denum, Diseases  of  (Anatomy,  Nerves). 

Pneumograpll. — ^An  instrument  for 
recording  graphically  the  movements  of  the 
chest  in  respiration. 

Pneumohaemothorax.— The  pres- 
ence of  air  and  blood  in  the  pleural  cavity. 

Pneumohydrometra.  —  The  pres- 
ence of  air  or  gas  and  serous  fluid  in  the  uterus. 

Pneumohydropericardium.— 

The  presence  of  gas  and  fluid  in  the  pericardial 
sac. 

Pneumohydrothorax.  —  The  pres- 
ence of  gas  and  fluid  in  the  pleural  cavity. 

Pneumomassagre.— A  form  of  treat- 
ment of  chronic  otitis  media  by  inflation  of  the 
tympanic  cavity  with  air  and  by  simultaneously 
producing  a  rarefaction  of  the  air  in  the  external 
auditory  meatus. 
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Pneumonia — 

Friedldnder' s  Pneumohacillus  .      .  .  161 

Influenza  Bacillus    .        .  .  .161 

Flague  Bacillus        .        .  .161 

Diphtheria  Bacillus  .        .  .  .161 

Typhoid  Bacillus     .        .  .  .161 

Septic  and  Suppurative  Conditions  .  161 


See  also  Adrenal  Glands,  Adrenalin  (Use  in 
Pneumonia) ;  Alcohol  {Clinical   Uses,  Indica- 
tions) ;    Alcoholism    {Complications) ;  Anaes- 
thesia,   General    Physiology    {Ether  -  Pneu- 
monia) ;   Anaesthesia,  Ether  {Broncho  -  Pneu- 
monia) ;  Arteries,  Ligature  {Common  Carotid, 
Complications  following  Ligature) ;  Asphyxia 
{Causes,  Catarrhal  Pneumonia) ;  Brain  Affec- 
tions of  Blood- Vessels  (Thrombosis,  Causes) ; 
Bronchi,  Bronchitis  (Acute  and  Chronic,  Diag- 
nosis) ;  Colon,  Diseases  of  {Me7nbranous  Colitis, 
Secondary,  Causes) ;  Cough  (Clinical  Varieties) ; 
Delirium  Tremens  (Prognosis,  Pneumonia) ;  Ex- 
pectoration (Sputum  in  Various  Diseases,  Pneu- 
monia) ;    H^MATEMESis    (Diagnosis) :  Hemo- 
globinuria (In  Fevers) ;  HEMOPTYSIS  ;  Hiccough 
(Etiology) ;  Hydropathy  (Acute  Diseases,  Pneu- 
monia) ;  Immunity  (Serum  in  Pneumonia) ;  In- 
fluenza (Effects,  Pneumonia) ;  Insanity,  Nature 
AND  Symptoms  (Etiological  Varieties,  Pneumonia?); 
Joints,  Diseases  of  (Pyogenic  Diseases  in  Pneu- 
monia) ;  Leucocytosis  (In  Pneumonia)  ;  Liver, 
Tropical  Abscess  (Diagnosis) ;  Lung,  Tubercu- 
losis OF  (Precedent  Illnesses,  Pneumonia)  ;  Lungs, 
Pulmonary  Fibrosis  (Chronic  Interstitial  Pnen- 
monia)  ;    Lungs,    Gangrene    of    (Etiology) ; 
Lungs,  Syphilis  of  (Congenital  Pneumonia); 
Mediastinum  (Growths,  Diagnosis) ;  Meninges 
of  the  Cerebrum  (Ac%Lte  Meningitis,  Diagnosis) ; 
Meningitis,  Epidemic  Cbrebro-spinal  (Co7npli- 
cations)  ;    Mumps   (Complications)  ;  Nephritis 
(^Etiology,  Clinical  Features) ;  Nerves,  Multiple 
Peripheral  Neuritis  (Etiology) ;  Nose,  Acces- 
sory  Sinuses,    Inflammation   of   (Etiology) ; 
Oxygen  (Uses) ;  Peritoneum,  Acute  Peritonitis 
(Diagnosis)  ;  Plague  (Syinptoms) ;  Pregnancy, 
Affections  and  Complications  (Pulmonary  Dis- 
turbances, Pneiimonia) ;  Pulse  (In  Pneumonia) ; 
Purpura    (Symptomatic,   Infectioiis) ;  Rheum- 
atism, Acute  (Symptoms,  Pne-mnonia) ;  Rheum- 
atism in  Children  (Symptoms,  Pneumonia);  Sup- 
puration (Etiology,  Micr^o-organisms) ;  Syphilis 
( Visceral,  Lungs) ;  Therapeutics,  Serum  Ther- 
apy (Antipneumococcic  Serum)  ;  Tuberculosis 
(Broncho -pneumonic     Tuberculosis)  ;  Typhoid 
Fever  (Symptoms  and  Complications)  ;  Typhus 
Fever  (Symptoms  and  Diagnosis) ;  Urine,  Path- 
ological Changes  in  (Aceionuria  in  Pneumonia). 

Introductory.— The  term  pneumonia  is  properly 
applied  to  any  inflammatory  process  affecting 
the  lung  tissue,  just  as  pleurisy  is  employed 
to  designate  any  inflammation  of  the  pleural 
membranes,  or  as  hepatitis  and  nephritis  are 
applied  to  any  inflammation  of  the  liver  and 


kidneys  respectively.  Moreover,  as  there  may 
be  acute  or  chronic  parenchymatous  or  inter- 
stitial forms  of  hepatitis  and  of  nephritis,  so 
there  may  be  corresponding  forms  of  pulmonary 
inflammation  or  pneumonia.  In  the  more  im- 
portant foi'ms  of  chronic  pneumonia  the  inter- 
stitial changes  especially  predominate,  while  in 
the  acute  pneumonias  the  more  characteristic 
lesions  are  as  a  rule  due  to  the  implication  of 
the  pulmonary  parenchyma.  Any  acute  inflam- 
mation of  the  lung,  therefore,  is  an  acute 
pneumonia,  but  it  is  usual  to  recognise  several 
varieties. 

Sometimes  the  classification  is  based  on  an- 
atomical differences  in  the  resulting  lesions. 
When  the  inflammatory  process  is  specially  con- 
centrated around  the  smaller  bronchi,  and 
follows  their  lobular  distribution,  the  term 
broncho-pneumonia  or  lobular  pneumonia  is 
employed.  The  term  catarrhal  pneumonia  is 
often  applied  to  the  same  process,  owing  to  the 
fact  that  the  exudation  into  the  pulmonary 
alveoli  largely  consists  of  catarrhal  cells.  More 
rarely  the  acute  inflammatory  changes  select 
the  connective  tissue  framework  of  the  lung, 
giving  rise  to  an  acute  interstitial  form  of  pneu- 
monia, such  as  is  met  in  some  forms  of  influenzal 
pneumonia  and  in  pleuro-pneumonia  of  cattle. 
A  third  type  is  recognised  under  the  name  of 
acute  lobar,  or  fibrinous,  or  croupous  pneumonia, 
when  the  inflammatory  process  involves  large 
continuous  tracts  of  lung  tissue,  such  as  an 
entire  lobe,  or  the  greater  part  of  a  lobe,  and 
when  the  exudation  into  the  pulmonary  alveoli 
is  at  first  and  for  the  most  part  composed  of 
fibrin.  As  a  matter  of  fact,  however,  there  are 
commonly  met  forms  of  acute  pneumonia  which 
do  not  conform  to  any  one  of  these  anatomical 
types,  but  present  very  variable  and  mixed 
lesions.  Even  among  those  which  are  rightly 
classified  as  lobar  forms  of  acute  pneumonia 
there  may  appear  very  striking  differences  as 
regards  the  precise  anatomical  lesion. 

Other  forms  of  acute  pneumonia  are  differ- 
entiated with  special  reference  to  the  causal 
agent  associated  with  them.  Such  specific  forms 
as  the  tubercular  inflammations  of  the  lungs,  or 
such  forms  as  the  suppurative  pneumonia  of 
pyaemia,  present,  as  a  rule,  definite  types  with 
characteristic  anatomical  lesions.  But  when  we 
try  to  apply  this  ajtiological  differentia  to  other 
forms  of  pneumonia  we  encounter  the  difficulty 
that  the  same  cause  may  give  rise  to  anatomic- 
ally different  pulmonary  lesions.  Thus  a  group 
of  acute  pneumonias  due  to  the  pneumococcus 
would  include  both  broncho-pneumonic  and 
lobar  types.  A  similar  difficulty  is  presented 
by  the  forms  of  pneumonia  that  appear  in  in- 
fluenza, plague,  and  many  other  conditions  of 
microbic  infection.  It  is,  therefore,  better,  in 
place  of  attempting  an  exact  definition  or  a 
precise  outline  of  the  scope  of  this  article,  merely 
to  state  that  in  discussing  the  pathology  of 
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acute  pneumonia  it  is  understood  that  the  term 
is  limited  to  certain  forms  of  acute  pulmonary 
inflammation,  all  microbic  in  origin,  and  prob- 
ably all  due  to  or  associated  with  Fraenkel's 
pneumococcus,  but  that  all  forms  of  the  typical 
lobar  type  are  necessarily  included. 

Historical. — Long  before  any  bacterium  had 
been  associated  with  acute  lobar  pneumonia  as 
the  causal  agent  it  had  been  suspected  that 
this  condition  was  infective  and  analogous  in 
every  way  to  the  acute  specific  fevers.  Its 
occurrence  in  epidemic  form,  and  some  instances 
apparently  of  direct  infection,  together  with  the 
definite  course  of  the  fever,  all  tended  to  support 
this  view.  But  it  was  not  until  1883  that  the 
first  important  contribution  to  the  bacteriology 
of  acute  pneumonia  was  made. 

In  that  year  Friedliinder  published  a  paper 
which  attracted  much  attention,  and  in  which 
he  claimed  to  have  obtained  in  pure  cultures 
the  causal  microbe  of  pneumonia.  This,  he 
described  as  a  cocciis,  usually  occurring  in  pairs, 
and  surrounded  by  a  definite  capsule.  They 
were  found  in  the  lung  tissue,  bronchi,  etc.,  in 
cases  of  acute  pneumonia.  They  could  be  iso- 
lated and  grown  on  peptone  gelatine  at  the 
ordinary  room  temperature.  From  this  fact 
alone  it  is  obvious  that  the  coccus  described 
and  isolated  by  Friedlander  is  not  the  same  as 
that  which  is  now  accepted  as  the  most  im- 
portant getiological  factor  in  acute  pneumonia 
and  is  associated  with  the  name  of  Fraenkel. 
In  fact  the  organism  which  Friedlander  at  first 
described  as  a  coccus  has  now  come  to  be  re- 
garded as  a  short  bacillus,  and  is  commonly 
known  as  Friedlander's  pneumobacillus.  Inocu- 
lation of  animals  with  Friedlander's  organism, 
however,  in  many  instances  caused  death  from 
septicaemia  with  inflammation  of  the  serous 
membranes,  thus  demonstrating  the  pathogenic 
capacity  of  the  organism  in  certain  conditions. 
One  of  the  most  important  results  of  Friedlander's 
work  was  the  stimulus  it  afibrded  to  the  study 
of  the  bacteriology  of  pneumonia. 

In  the  same  year  (1883)  Talamon  described  a 
coccus  which  he  obtained  from  the  sputum  and 
pulmonary  exudation  in  acute  pneumonia,  and 
which  from  its  shape  he  termed  "  lanceolatus." 
This  organism  he  was  able  to  cultivate  in 
bouillon,  but  usually  in  an  impure  condition, 
and  inoculation  of  rabbits  produced  a  septi- 
caemia often  associated  with  a  fibrinous  peri- 
carditis and  pleurisy.  There  can  be  little 
doubt  that  this  organism  is  the  same  as  the 
pneumococcus  later  described  and  isolated  by 
Fraenkel. 

As  early  as  1880  certain  observations  were 
made  in  America  by  Sternberg  and  in  France 
by  Pasteur  on  the  presence  in  the  saliva  in 
health  and  in  disease  of  micrococci,  and  on  the 
fact  that  inoculation  of  rabbits  with  saliva  eave 
rise  to  a  "sputum  septicgemia,"  in  which  the 
blood  teemed  with  micrococci.    The  significance 


of  these  observations  was  not  at  first  appre- 
ciated. 

After  a  preliminary  communication  in  1884 
Fraenkel  published  in  1886  a  very  full  and 
accurate  description  of  the  characters  of  the 
pneumococcus — noted  its  lanceolate  outline,  its 
occurrence  in  pairs,  and  its  capsulated  appear- 
ance. He  succeeded  in  isolating  pure  cultures, 
and  found  that  both  in  its  cultural  and  patho- 
genic characters  the  microbe  differed  from  that 
previously  described  by  Friedlander.  In  par- 
ticular, Fraenkel's  organism  did  not  grow  on 
gelatine  at  the  ordinary  room  temperature,  and 
it  was  highly  pathogenic  to  rabbits,  in  both 
these  respects  contrasting  with  Friedlander's 
organism.  Another  important  advance  made 
by  Fraenkel  was  the  identification  of  the  pneu- 
mococcus with  the  "  coccus  of  sputum  septi- 
caemia "  previously  described  in  healthy  saliva 
by  Pasteur  and  Sternberg. 

In  the  same  year  (1886)  Weichselbaum  inde- 
pendently published  the  results  of  a  still  more 
extensive  research  on  the  bacteriology  of  acute 
pneumonia,  including  94  cases  of  the  typical 
lobar  form  and  35  other  cases  of  acute  pul- 
monary inflammation.  From  these  he  isolated 
four  organisms:  (1)  The  "diplococcus  pneu- 
moniae," which  he  described  as  an  oval  or 
lanceolate  coccus,  corresponding  in  morpho- 
logical, cultural,  and  pathogenic  characters  with 
Fraenkel's  pneumococcus ;  (2)  the  "  strepto- 
coccus pneumoniae,"  which,  on  the  whole,  pre- 
sented similar  characters,  but  was  rounder  and 
formed  longer  chains  ;  (3)  the  "  bacillus  pneu- 
moniae," which  he  regarded  as  identical  with 
Friedlander's  pneumobacillus ;  (4)  the  "  staphy- 
lococcus pyogenes  aureus."  Of  these  organisms 
the  "diplococcus  pneumoniae"  was  present  in 
the  great  majority  of  cases,  the  "streptococcus  " 
was  much  less  common,  and  the  "  bacillus  pneu- 
moniae "  rarer  still.  He  was  led  to  the  conclu- 
sion that  while  the  great  majority  of  cases  of 
acute  pneumonia  are  due  to  the  "diplococcus 
pneumoniae "  (Fraenkel's  pneumococcus),  some 
ai'e  caused  mainly  by  a  streptococcus,  and  a  few 
by  the  "bacillus  pneumoniae"  (Friedlander's 
pneumobacillus).  How  far  the  streptococcus 
pneumoniae  of  Weichselbaum  corresponds  with 
the  ordinary  streptococcus  pyogenes,  and  how 
far  with  Fraenkel's  pneumococcus,  is  left  some- 
what uncertain  ;  and  what  is  of  more  importance, 
the  reader  is  left  uncertain  as  to  the  data  on 
which  his  conclusions  are  based,  in  particular, 
whether  they  have  reference  to  acute  lobar 
pneumonia  in  its  limited  acceptation  or  acute 
pneumonia  in  its  widest  sense. 

Since  these  earlier  researches  were  published 
the  attention  of  many  observers  has  been  de- 
voted to  the  elucidation  of  problems  involved  in 
the  relation  of  micro-organisms,  especially  the 
pneumococcus,  to  acute  pneumonia.  Among 
the  later  contributors  may  be  noted  Gamaleia, 
who  investigated  in  particular  the  pathogenic 
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properties  of  the  pneumococcus  in  experimental 
inoculation ;  Netter,  who  examined  a  great 
number  of  cases  with  the  object  of  determining 
the  distribution  of  the  pneumococcus  and  its 
relation  to  various  morbid  states ;  Eyre  and 
Washbourn,  who  perfected  the  culture  media, 
and  the  latter  of  whom  was  successful  in 
establishing  a  condition  of  artificial  immunity. 

The  Pneumococcus  (Fraenkel). — It  is  obvious 
from  these  researches  that  whether  this  organ- 
ism is  admitted  to  be  the  essential  causal  agent 
in  the  pathogenesis  of  acute  pneumonia,  or 
whether  it  acts  thus  only  in  the  majority  of 
cases,  it  is  of  all  the  microbes  concerned  by  far 
the  most  important.  A  brief  outline  of  some 
of  its  morphological,  biological,  and  pathogenic 
characters  is  a  necessary  preliminary  to  any 
discussion  regarding  its  role  in  the  production 
of  disease  in  man,  and  the  whole  question  of  its 
relationship  to  disease  introduces  one  of  the 
most  interesting  problems  which  bacteriology 
has  ever  attempted  to  solve. 

In  form  the  pneumococcus  appears  as  minute 
oval  or  lanceolate  bodies,  usually  in  pairs  and 
often  in  chains,  the  free  extremities  of  each 
pair  being  pointed.  In  animal  tissues  and 
fluids  each  pair  of  cocci  appears  surrounded  by 
a  capsule,  due  to  a  peculiar  swelling  of  the 
cell  envelope,  and  this  capsule  may  be  stained 
by  special  methods.  In  any  circumstances,  but 
especially  in  artificial  culture,  the  cocci  show  a 
marked  tendency  to  degenerate  and  undergo 
involution ;  but  even  when  this  degeneration 
has  advanced  to  such  an  extent  that  the  bodies 
of  the  cocci  have  largely  or  entirely  dis- 
appeared, the  capsules  often  persist  and  may 
be  identified  by  suitable  methods  of  staining. 
The  significance  of  this  lies  in  the  fact  that  at 
such  a  stage  cultures  would  probably  remain 
sterile,  and  inoculations  would  probably  have 
negative  results,  so  that  the  recognition  of  the 
capsules  might  be  the  only  means  of  determin- 
ing the  presence  of  pneumococci.  In  contrast 
with  the  pneumobacillus  of  Friedliinder  it 
should  be  noted  that  the  pneuoiococcus  retains 
the  stain  in  Gram's  method. 

In  cultivation  the  organism  is  somewhat 
fastidious,  and  practically  requires  to  be  incu- 
bated at  or  about  the  body  temperature.  On 
blood  serum,  blood  agar,  or  ordinary  agar  it 
occurs  as  minute  translucent  colonies  which 
tend  to  remain  separate.  On  all  ordinary 
media  cultures  rapidly  degenerate,  rapidly  die, 
and  subcultures  soon  lose  their  virulence.  Eyre 
and  Washbourn,  however,  by  the  most  careful 
attention  to  certain  conditions  of  cultivation, 
were  enabled  to  maintain  both  the  vitality  and 
the  virulence  unimpaired  for  several  months. 

Both  within  and  without  the  animal  body 
the  pneumococcus  is  quite  exceptional  in  its 
brief  duration  of  life  and  in  the  rapidity  with 
which  its  virulence  is  lost.  In  artificial  culture 
this  is  very  striking,  and  presents  a  consider- 


able difficulty  in  the  way  of  experimental  work. 
Sometimes  the  virulence  may  be  intensified  or 
restored  by  passage  through  a  series  of  rabbits. 
In  susceptible  animals  the  organism  may  live 
longer  in  a  virulent  condition  than  in  cultures, 
but  even  then  it  is  apt  to  die  sooner  than  most 
pathogenic  microbes.  In  old  empyemas,  in  the 
later  stages  of  pneumonia,  etc.,  a  large  number 
of  devitalised  and  degenerated  pneumococci  are 
often  found,  but  occasional  instances  are  met 
where  the  virulence  has  been  maintained  for 
months. 

Fraenkel  and  Weichselbaum  had  stated,  and 
their  views  have  been  confirmed  by  subsequent 
observers,  that  pneumococci  suff'er  a  progressive 
diminution  in  virulence  as  the  course  of  a  pneu- 
monia advances.  Netter,  indeed,  goes  so  far  as 
to  say  that  in  the  day  of  the  crisis  the  virulence 
of  the  sputum  is  often  suddenly  lost,  and  re- 
mains in  abeyance  for  two  or  three  weeks. 
Apropos  of  this  question  Welch  of  Baltimore 
says  that  attenuation  of  virulence  within  the 
human  body  probably  does  occur,  inasmuch  as 
pneumococci  derived  from  inflammatory  exu- 
dates may  be  devoid  of  any  pathogenic  effect  in 
animals.  Fi'om  the  late  stages  of  pneumonia 
which  had  gone  on  to  recovery,  and  at  the  time 
of  the  crisis,  he  had  obtained  pneumococci 
which  were  as  virulent  and  sometimes  more 
virulent  than  those  procured  from  earlier  stages 
of  the  same  case.  He  points  out  that  in  experi- 
ments of  this  nature  the  number  and  character 
of  living  pneumococci  inoculated  must  be  con- 
sidered. It  is  known  that  the  pulmonary  exu- 
date contains  many  dead  cocci,  and  that  the 
living  cocci  vary  greatly  among  themselves  in 
degree  of  virulence.  Moreover,  when  animals 
are  inoculated  with  material  obtamed  directly 
from  the  human  body,  there  may  be  introduced 
along  with  the  pneumococci  toxic  or  immunis- 
ing substances  which  influence  the  course  of  the 
injection.  It  may  indeed  be  shown  that  such 
material,  though  proved  to  contain  very  viru- 
lent pneumococci,  may  not  produce  any  patho- 
genic effect. 

Pathogenic  Effects  of  Experimental  Inocula- 
tion.— The  results  of  experimental  inoculation 
of  animals  with  the  pneumococcus  show  extreme 
degrees  of  variation.  The  actual  number  of 
cocci  injected,  the  presence  or  absence  of  other 
bacteria  or  toxins,  and  the  site  of  inoculation, 
very  materially  condition  the  result.  But  the 
two  factors  on  which  this  variability  chiefly 
depends  are  (1)  the  virulence  of  the  microbe 
and  (2)  the  susceptibility  of  the  animal. 

(1)  Both  in  natural  conditions  and  in  artificial 
cultures  pneumococci  may  have  lost  their  viru- 
lence to  such  an  extent  as  to  be  quite  innocuous. 
On  the  other  hand,  by  such  methods  as  passage 
through  a  series  of  susceptible  animals,  the 
virulence  may  be  so  intensified  that  a  few  cocci 
injected  into  a  rabbit  will  produce  a  fatal  septi- 
caemia in  less  than  twenty-four  hours.  Between 
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these  extremes  pneumococci  of  all  degrees  of 
virulence  may  be  met,  so  that  the  possibilities 
of  variation  in  the  leisons  produced  by  this 
cause  alone  are  obviously  considerable.  Of 
course  if  the  resistance  of  the  animal  is  increased 
the  effects  are  similar  to  those  due  to  attenua- 
tion of  the  virus.    Thus  a  rabbit  which  has 
received  a  subcutaneous  inoculation  of  virulent 
pneumococci  usually  dies  in  about  forty-eight 
hours  of  an  acute  septicsemia.    In  such  cases 
the  local  inflammatory  reaction  at  the  site  of 
inoculation  is  always  slight,  but  the  blood  is 
found  to  be  swarming  with  enormous  numbers 
of   capsulated  pneumococci.     If,   however,  a 
rabbit  which  has  been  partially  immunised  re- 
ceives a  similar  injection,  or  if  a  somewhat  less 
virulent  organism  is  employed,  the  animal  may 
live  for  a  week  before  it  succumbs  to  the  in- 
fection.   Here  the  local  reaction  is  more  intense, 
so  that  at  the  site  of  inoculation  the  tissues 
show  an  extensive  area  of  inflammatory  oedema, 
haemorrhage,  and  frequently  also  necrosis.  The 
fluids  at  the  local  site  are  crowded  with  pneumo- 
cocci, but  the  blood  may  contain  few  or  none, 
or  may  show  the  results  of  a  septicfemia  which 
has  immediately  preceded  death.    A  third  and 
entirely  different  result  may  be  obtained  if  the 
rabbit  be  still  more  highly  immunised,  or  if  the 
pneumococci  be  still  more  attenuated.    In  such 
conditions  a  local  focus  of  suppuration  forms  at 
the  site  of  inoculation,  and  the  animal  usually 
recovers.    Hence  in  the  same  species  of  animal, 
the    rabbit,   by  suitable    modifications    of  its 
powers  of  resistance  or  of  the  virulence  of  the 
pneumococci,   subcutaneous    inoculations  may 
result  in  such  divergent  lesions  as  (a)  sua  acute 
septicsemia  with  a  negligible  local  reaction,  (b) 
an  intense  local  cellulitis,  oedema,  and  necrosis 
with  little  tendency  to  septicaemia,  and  (c)  a 
localised  abscess  of  varying  size. 

(2)  When  the  susceptibilities  of  diff'erent  orders 
of  animals  are  also  considered,  the  interpreta- 
tion of  the  pathogenic  effects  of  the  pneumo- 
coccus  becomes  still  more  complicated.  Among 
the  most  susceptible  are  mice  and  rabbits,  and 
these  animals  when  inoculated  beneath  the  skin, 
in  the  peritoneal  sac,  or  in  the  lung,  with 
virulent  pneumococci,  almost  invariably  die  of 
an  acute  septicsemia  with  little  or  no  local  re- 
action. Less  susceptible  are  guinea-pigs,  sheep, 
and  dogs,  in  which  animals  subcutaneous  in- 
oculation results  in  an  extensive  local  cellulitis 
and  oedema  which  does  not  invariably  lead  to  a 
fatal  result.  If,  however,  in  a  partially  im- 
munised rabbit,  or  in  the  more  immune  animals, 
such  as  the  sheep  or  the  dog,  the  injection  of 
pneumococci  be  not  subcutaneous,  but  intra- 
pulmonary,  then  again  an  intense  local  inflam- 
mation ensues  at  the  site  of  inoculation,  which 
in  this  case  is  the  lung,  and  an  acute  fibrinous 
pneumonia  and  pleurisy  result.  "  When  a  dose 
of  pneumococci  sufficient  to  kill  a  rabbit  is 
injected  subcutaneously  in  the  human  subject. 


it  gives  rise  to  a  local  inflammatory  swelling 
with  redness  and  slight  rise  of  temperature,  all 
of  which  pass  off'  in  a  few  days.  It  is  therefore 
justifiable  to  suppose  that  man  occupies  an 
intermediate  place  in  the  scale  of  susceptibility, 
probably  between  the  dog  and  the  sheep,  and 
that  when  the  pneumococcus  gains  an  entrance 
to  his  lungs  the  local  reaction  in  the  form  of 
pneumonia  occurs "  (Muir  and  Ritchie). 

Intoxication  and  hnmunity. — It  is  a  note- 
worthy fact  that  few  cases  of  pneumonia  succumb 
to  asphyxia,  so  that  the  extent  of  lung  involved 
is  not  in  most  instances  the  direct  cause  of 
death.  What  is  probably  of  more  effect  in 
determining  a  fatal  issue  is  the  degree  of  nervous 
prostration,  and  especially  of  cardiac  failure. 
After  death,  in  addition  to  the  pulmonary  lesion 
there  is  invariably  evidence  in  the  condition  of 
the  heart,  spleen,  kidneys,  and  other  viscera, 
that  the  patient  has  suffered  from  the  effects 
of  an  acute  general  intoxication.  During  life, 
moreover,  many  of  the  more  urgent  symp- 
toms are  referable  to  such  a  condition.  It 
rarely  happens  that  any  general  invasion  of  the 
blood  by  pneumococci  occurs  except  just  before 
death.  It  is  therefore  more  than  probable 
that  pneumococci  which  invade  the  lung  and 
there  produce  an  acute  local  inflammation,  also 
elaborate  some  diffusible  toxic  substance  which, 
absorbed  into  the  blood-stream,  gives  rise  to 
the  general  toxsemia  of  an  acute  pneumonia. 
The  nature  of  these  toxic  bodies  is  not  definitely 
known,  but,  without  going  into  details,  one  may 
say  that  all  experimental  work  on  the  subject 
supports  this  view  of  their  existence  and  highly 
poisonous  nature. 

Artificial  immunisation  of  susceptible  animals 
has  also  been  effected  by  various  observers, 
including  G.  and  F.  Klemperer  and  Washbourn. 
Moreover,  it  was  found  that  the  blood  serum  of 
animals  artificially  immunised  was  itself  pro- 
tective, in  other  words,  that  a  true  antitoxin 
was  produced.  It  is  supposed  that  the  crisis  so 
typical  of  the  recovery  from  an  acute  lobar 
pneumonia  occurs  only  when  the  antitoxin  has 
been  developed  in  such  abundance  as  completely 
to  neutralise  the  toxin.  In  this  relation  two 
facts  are  of  significance  as  supporting  the  view 
that  the  pneumococcus  is  the  essential  cause  of 
acute  lobar  pneumonia.  (1)  The  serum  of 
patients  who  have  recovered  from  such  an 
attack  is  to  some  extent  protective  against  the 
results  of  artificial  inoculation  with  the  pneumo- 
coccus. (2)  The  serum  of  an  animal  artificially 
immunised  by  injection  of  cultures  of  pneumo- 
cocci has  a  beneficial  action  in  cases  of  acute 
lobar  pneumonia. 

Distribution  of  the  Pneumococcus  in  Health 
and  in  Disease. — Reference  has  already  been 
made  to  the  fact  that  the  saliva  of  healthy 
persons  injected  into  a  rabbit  may  produce  a 
fatal  septicsemia,  due  to  the  presence  of  pneumo- 
cocci.   The  existence  of  virulent  pneumococci 
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in  the  mouth  in  health  has  obviously  a  most 
important  bearing  in  the  pathogenesis  of  acute 
pneumonia. 

In  the  production  of  diseased  conditions  it  is 
not  easy  to  exaggerate  the  role  of  the  pneumo- 
coccus,  for  the  multiplicity  and  frequency  of 
the  lesions  that  may  be  ascribed  to  its  action  are 
indeed  remarkable.  Pulmonary  inflammations 
are  undoubtedly  the  most  common  effect,  and, 
in  the  opinion  of  the  writer,  pneumococci  may 
be  found  in  every  case  of  acute  lobar  pneumonia, 
in  most  cases  of  broncho  -  pneumonia,  and  in 
most  of  those  more  or  less  mixed  forms  of 
pneumonia  which  are  complicated  by  the  associ- 
ated action  of  other  organisms,  such  as  influenza, 
plagvie,  typhoid,  diphtheria,  etc.  In  cases  of 
typical  lobar  pneumonia  they  are  practically 
the  only  organisms  present  in  the  affected  lung, 
and  are  found  in  greatest  abundance  in  the 
fibrinous  exudation  into  the  pulmonary  alveoli 
and  in  the  pleural  surface.  They  are  most 
readily  detected  in  and  isolated  from  the  more 
recent  parts  of  the  pulmonary  lesion,  as  in  the 
older  parts  they  are  usually  much  degenerated. 
In  the  purulent  softening  and  other  suppurative 
changes  that  appear  in  the  lung  in  many  fatal 
cases  of  pneumonia,  they  may  be  the  only 
organisms  present,  or  they  may  be  associated 
with  other  pyogenic  bacteria,  especially  strepto- 
cocci. 

Next  to  the  lungs  the  cerebro-spinal  mem- 
branes are  most  frequently  attacked,  and  this 
may  occur  not  only  as  a  sequel  to  or  a  con- 
comitant of  pneumonia,  but  as  an  apparently  in- 
dependent condition.  The  resulting  meningitis 
is  sero-purulent  and  usually  very  widespread, 
involving  both  cerebral  and  spinal  membranes. 
The  serous  cavities  of  the  thorax  and  abdomen 
are  frequently  the  seat  of  pneumococcal  infection 
by  direct  extension  from  an  affected  lung,  but 
they  too  may  show  an  apparently  primary  and 
independent  inflammation.  Empyema  of  pneu- 
mococcal origin  is  comparatively  common,  and, 
in  the  experience  of  the  writer,  most  cases  of 
fibrinous  pericarditis  with  sero-purulent  effusion 
are  due  to  pneumococci,  whether  an  antecedent 
pneumonia  can  be  traced  or  not.  Primary 
peritonitis  of  pneumococcal  origin  is  uncommon, 
but  a  recent  peritonitis  in  fatal  cases  of  pneu- 
monia is  by  no  means  rare.  In  children  one  of 
the  most  common  effects  is  an  otitis  media, 
and  in  children,  too,  broncho-pneumonic  lesions 
due  to  pneumococci  are  relatively  more  frequent 
than  in  adults. 

In  the  more  virident  forms  of  pneumonia  the 
lesions  produced  by  the  pneumococcus  tend  to 
become  multiple,  and  the  condition  more  nearly 
approaches  the  septicpemic  type  of  infection,  as 
seen  most  typically  in  mice  and  rabbits.  In  such 
cases  not  only  may  lungs  and  pleurae  be  affected 
along  with  the  pericardium  and  the  mediastinal 
tissues,  but  more  remote  lesions  are  frequently 
associated,  e.g.  meningitis,  endocarditis,  arthritis. 


etc.,  and  in  some  instances  pneumococci  are 
found  in  considerable  numbers  in  the  circulating 
blood. 

Summary  and  Conclusions.  —  One  result  of 
these  laborious  researches  is  to  show  that  the 
pneumococcus  produces  in  man  a  local  lesion, 
usually  pulmonary,  with  general  toxic  eff'ects. 
Sometimes  the  local  lesion  takes  the  form  of 
a  meningitis,  an  otitis,  an  empyema,  or  a  peri- 
carditis as  an  apparently  independent  condition. 
This  is  really  the  same  disease  as  acute  lobar 
pneumonia,  with  an  accidental  difference  in  the 
site  of  inoculation  and  consequent  local  inflam- 
matory reaction,  and  many  of  the  symptoms 
are  similar  from  similar  toxic  eff'ects.  Hence 
it  not  infrequently  happens  that  a  pneumococcal 
pericarditis  or  empyema  is  mistaken  for  an 
acute  pneumonia.  Occasionally,  however,  the 
pneumococcus  acquires  increased  virulence,  and 
produces  a  condition  more  allied  to  the  septi- 
caemia of  mice  and  rabbits. 

It  is  difficult  to  avoid  the  conclusion  that  the 
pneumococcus  is  the  essential  cause  of  acute 
lobar  pnevimonia,  as  well  as  of  the  many  other 
inflammatory  conditions  with  which  it  is  associ- 
ated. But  the  versatility  of  this  remarkable 
organism  renders  the  proof  much  more  complex 
than  in  the  case  of  pathogenic  bacteria.  At 
first  sight,  too,  Koch's  elementary  postulates 
for  establishing  a  causal  relationship  appear  to 
be  all  evaded  by  the  pneumococcus.  For  it 
cannot  be  said  to  be  present  in  all  cases  of 
acute  pneumonia,  and  in  a  few  instances  even 
of  typical  lobar  forms  it  has  been  sought  in 
vain.  Moreover,  it  is  present  in  the  mouth 
and  upper  respiratory  tract  in  health  as  well 
as  in  disease.  Again,  although  it  has  been 
isolated  in  pure  cultures,  inoculation  of  animals 
does  not  reproduce  the  identical  lesions  found 
in  man.  And,  finally,  there  is  no  consistent 
lesion  even  in  the  human  subject,  and  not  even 
in  the  lung. 

The  allegation  that  the  pneumococcus  is  occa- 
sionally absent  even  in  typical  cases  of  acute 
lobar  pneumonia  is  one  which  is  open  to  doubt. 
For,  if  the  statement  is  founded  on  a  microscopic 
examination,  it  might  be  that  none  of  the  cocci 
would  be  visible,  having  undergone  degeneration 
until  only  capsules  were  left.  Again,  if  based 
on  the  negative  results  of  cultures,  the  fallacy 
might  be  due  to  the  devitalised  condition  of 
the  cocci.  Even  if  reliance  is  placed  on  the 
negative  results  of  experimental  inoculation  of 
lung  tissue,  it  must  be  remembered  that,  after 
a  time,  the  virulence  of  pneumococci  in  the 
animal  body  is  often  quite  lost,  or  that  antag- 
onistic substances,  of  the  nature  of  antitoxins, 
may  have  been  injected  along  with  the  cocci, 
and  so  neutralised  their  effect. 

The  fact  that  pneumococci  are  usually  present 
in  the  saliva  of  healthy  persons  has  proved  a 
stumbling-block  to  many  writers,  biit  this  is 
precisely  the  fact  required  to  explain  the  in- 
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cidence  of  pneumonia  from  exposure  to  cold, 
and  as  a  sequel  to  debilitating  diseases  and 
exhausting  fevers.  Apparently  the  cocci  in 
the  buccal  and  nasal  secretions  are  not  suffi- 
ciently virulent  to  produce  any  pathogenic 
effects  in  health.  But,  when  the  resistance  is 
lowered  by  some  depressing  influence,  the  organ- 
isms are  enabled  to  infect  the  tissues  and 
develop  inflammatory  conditions.  From  their 
anatomical  positions  the  lungs  would  be  most 
easily  infected,  but  the  readiness  with  which 
an  otitis  or  a  meningitis  might  be  developed 
from  the  nares  is  also  obvious. 

The  contention  that  inoculation  of  pure  cul- 
tures does  not  sufficiently  reproduce  the  disease 
in  animals  is  quite  untenable  when  the  follow- 
ing points  are  considered  : — (1)  The  effects  of 
inoculating  pneumococci  of  varying  virulence 
in  animals  of  varying  susceptibility ;  (2)  the 
fact  that,  in  the  human  subject,  the  lesions 
admittedly  due  to  pneumococci  are  almost  as 
varied  as  those  produced  in  animals  by  artificial 
means ;  (3)  the  analogy  with  such  organisms 
as  the  bacillus  anthracis,  which  causes  in  the 
susceptible  ox  or  guinea-pig  an  acute  septicaemia, 
and  in  the  more  immune  human  subject  an 
intense  local  reaction. 

The  fact  that  even  in  the  lung  in  man  there 
is  no  constant  lesion — the  pneumococcus  being 
associated  sometimes  with  an  acute  lobar  pneu- 
monia, sometimes  with  a  broncho-pneumonia — 
is  more  difficult  to  explain.  It  has  been  sug- 
gested that  variations  in  virulence  and  in  sus- 
ceptibility might  modify  the  result,  and  probably 
also  the  precise  mode  of  entrance  to  the  lung- 
would  condition  the  anatomical  form  of  the  lesion. 

Other  Bacteria  associated  with  Acute 
Pneumonia.  —  Although,  as  has  been  shown, 
there  is  good  reason  to  believe  that  the  pneu- 
mococcus is  the  essential  cause  of  all  typical 
forms  of  acute  lobar  pneumonia,  there  are  many 
other  conditions  in  which  acute  pneumonia 
may  arise.  Some  of  these  forms  are  broncho - 
pneumonic  in  type,  others  are  of  a  mixed 
character,  and  of  both  of  these  it  may  be  said, 
either  (a)  that  they  are  due  to  the  pneumococcus 
alone — broncho-pneumonic  forms  of  pneumo- 
coccal infection  especially  predominating  in  chil- 
dren, or  (5)  that  they  are  due  to  other  bacteria 
associated  with  the  pneumococcus,  or  (c)  that 
they  are  due  to  other  bacteria  alone.  Among 
the  various  bacteria  which  may  be  the  cause 
of  acute  pneumonia  (other  than  typical  lobar 
forms),  and  which  may  act  either  in  conjunc- 
tion with  or  independently  of  the  pneumococcus, 
are  Friedliinder's  pneumobacillus  and  those  asso- 
ciated with  the  following  diseases  :  influenza, 
plague,  diphtheria,  enteric  fever,  septicaemia, 
and  pyaemia. 

Friedlander's  pneumobacillus  is  of  special 
interest  as  being  one  of  the  original  claimants 
for  supremacy  in  the  production  of  acute  lobar 
pneumonia.    In  1886,  when  the  fundamental 
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papers  of  Fraenkel  and  of  Weichselbaum  ap- 
peared, the  former  concluded  that  the  pneu- 
mococcus was  the  sole  cause  of  true  lobar 
pneumonia,  while  the  latter  held  that  about  5 
per  cent  was  due  to  the  pneumobacillus  alone. 
Each  view  still  has  its  own  supporters,  but 
most  recent  work  is  in  the  direction  of  showing 
that  the  pneumobacillus,  though  frequently 
associated  with  the  pneumococcus,  is  not  the 
essential  factor  in  typical  lobar  forms.  A  short 
bacillus,  usually  arranged  in  pairs,  and  in  body 
fluids  and  tissues  usually  encapsulated,  it  differs 
from  the  pneumococcus  in  not  retaining  the  stain 
by  Gram's  method,  and  in  growing  more  readily 
in  culture,  forming  the  "  nail "  growth  in 
gelatine.  The  fact  that  it  more  readily  adapts 
itself  to  a  saprophytic  existence  offers  a  probable 
explanation  of  the  cases  in  which  this  organism 
alone  has  been  cultivated  from  acute  lobar 
pneumonia,  for  at  the  time  when  the  lung 
tissue  or  secretion  is  examined,  the  pneumo- 
coccus may  be  so  devitalised  as  not  to  grow  in 
artificial  culture,  and  not  to  infect  animals  on 
inoculation.  It  must  be  admitted,  however, 
that  the  pneumobacillus  is  distinctly  pathogenic 
to  certain  animals ;  rabbits  appear  to  be  im- 
mune, but  guinea-pigs  and  mice  may  die  of  an 
acute  septicaemia,  so  that  the  pnevxmobacillus 
may  play  an  important  part  in  human  disease, 
especial  acute  pulmonary  inflammations,  though 
not  the  essential  cause  of  lobar  pneumonia. 

In  the  acute  pneumonia  consecutive  to  influ- 
enza, the  type  of  the  lesion  is  mainly  broncho- 
pneumonic,  with  acute  interstitial  changes.  In 
the  lungs  and  sputum  the  influenza  bacillus  has 
been  found  alone,  but  more  frequently  it  is 
found  associated  with  the  pneumococcus.  In 
the  intense  heemorrhagic  forms  of  broncho- 
pneumonia that  may  occur  in  plague,  it  often 
happens  that  plague  bacilli  alone  are  found  in 
the  lung  and  sputum,  but  in  many  cases  pneu- 
mococci too  are  present.  In  the  broncho- 
pneumonia secondary  to  diphtheria,  pneumococci 
are  frequently  present,  associated  with  either 
diphtheria  bacilli  or  streptococci,  or  both.  In 
the  course  of  enteric  fever  a  mixed  form  of 
pneumonia  may  occur,  in  which  typhoid  bacilli 
may  be  present  alone  or  along  with  pneumo- 
cocci. In  septic  and  suppurative  pneumonias 
pyogenic  bacteria  are  sometimes  the  only 
varieties  found,  but  more  frequently  there  is 
superadded  an  infection  by  the  pneumococcus. 
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Definition. — By  the  term  "  pneumonia  "  is  to 
be  understood,  for  the  purposes  of  this  article, 
a  specific  general  infection  of  bacterial  origin, 
analogous  to  the  other  infective  or  so-called 
"  zymotic "  diseases.  This  infection  either 
begins  in  the  air  vesicles  of  the  lungs,  a  primary 
growth  of  the  infecting  micro-organism  taking 
place  in  the  pulmonary  parenchyma  as  in  a 
congenial  soil,  or  else  it  shows  a  special  affinity 
for  that  anatomical  structure,  in  which  it  and 
its  toxins  find  a  secondary  focus  and  become 
localised,  so  leading  to  topical,  inflammatory, 
and  sometimes  organic  degenerative  changes. 
The  local  inflammation  is  signalised  by  increased 
blood-supply  (or  fluxion),  followed  in  turn  by 
hypersemia  of  the  affected  lung  substance ;  an 
exudation  into  the  air  vesicles,  which  become 
choked  with  it ;  secondary  degenerative  changes 
in  that  exudate  ;  and,  finally,  its  absorption  and 
expulsion. 

The  clinical  phenomena  attending  such  an 
infection  are,  first,  general ;  secondly,  local. 
The  general  symptoms  are  those  of  a  continued 
fever  setting  in  after  an  incubation  period  of 
variable  though  short  duration — chills,  headache, 
rheumatoid  and  neuralgic  pains,  loss  of  appetite, 
constipation,  elevation  of  temperature,  prostra- 
tion. The  local  subjective  signs,  or  symptoms, 
are  pain  in  the  chest,  hurried,  difficult  breathing, 
cough,  and  finally  expectoration  of  a  peculiar 
kind.  The  local  objective  signs,  or  physical 
signs,  are  such  as  to  suggest  the  plugging  of 
greater  or  smaller  tracts  of  pulmonary  tissue 
with  inflammatory  products,  the  signs  changing 
with  each  progressive  stage  in  the  disease,  as 
will  be  hereafter  described.  Evidences  are 
usually  forthcoming  that  neighbouring  parts — 
the  pleura  on  the  one  hand,  the  bronchial 
mucous  membrane  on  the  other — share  in  the 
mischief  wrought  by  the  disease. 

Pneumonia,  or  pneumonic  fever,  as  it  should 
be  more  rightly  called,  must  be  regarded  as  a 
multiple  infection.  That  is  to  say,  it  arises 
from  one  or  other  of  many  infectious,  as  will  be 
afterwards  shown.  To  the  classical  type  of 
acute  croupous  pneumonia,  or  lobar  pneumonia, 
however,  two  micro-organisms  especially  seem 
to  stand  in  a  direct  causal  relation.  These  are 
— (1)  The  Diplococcus  pneumonioi  of  Fraenkel, 
so  called  by  Weichselbaum,  now  called  the 
"  pneumococcus  "  ;  and  (2)  the  pneumococcus  of 
Friedliinder,  or  the  Bacillus  jmeumonice  of  Fliigge, 
by  which  latter  name  it  is  now  usually  known. 


As  to  the  communicability  of  pneumonia  no 
doubt  can  any  longer  be  entertained.  The 
spray  blown  from  the  mouth  with  each  cough 
and  the  dried  expectoration  are  the  most  prob- 
able, as  they  are  the  most  obvious,  channels  of 
infection. 

Usually  affecting  a  lobe  or  lobes  of  either 
lung,  acute  pneumonia  in  children  and  in  the 
aged  is  often  disseminated,  assuming  a  lobular 
rather  than  a  lobar  character  in  such  patients. 
Like  typhus  fever,  pneumonia  is  a  cyclic  and 
self-limited  disease,  in  which  the  constitutional 
fever  runs  its  course  in  five,  six,  or  seven  days, 
when  (in  uncomplicated  cases)  it  terminates  by 
a  crisis. 

Historical. — Pneumonia,  taken  in  the  widest 
acceptation  of  the  term,  may  be  described  as  a 
malady  of  all  the  centuries,  of  all  climates,  and 
of  all  ages  of  life.  Its  epidemic  prevalence, 
according  to  August  Hirsch,  is  recorded  in  the 
sixteenth-century  chronicles  of  .  pestilence  in 
Italy,  Germany,  the  Netherlands,  Switzerland, 
and  France.  One  of  the  earliest  allusions  to 
epidemic  malignant  pneumonia  is  met  with  in 
Savonarola's  Practica,  published  at  Venice  in 
1497,  where  it  is  stated:  "In  civitate  nostra 
Paduse  et  Trevisii  et  Venetise  1440  de  mense 
Martii  antea  et  post  apparuit  pleuresis  mala, 
quae  erat  contagiosa,  ex  qua  multi  et  plurimi 
moriebantur." 

In  the  second  book  of  his  treatise,  "Ilept 
vovcrojv,"  Hippocrates  gives  a  faithful  account  of 
pneumonia  under  the  name  "'H  UepnTXev/jLovlr]." 
The  later  form  of  the  word  was  "  wepnrvevixovia," 
used  by  Celsus  and  Galen.  Celsus  (Lib.  iv. 
cap.  iii.)  says:  "Vehemens  et  acutus  morbus 
quem  TrepnTvevfiovLKov  Graeci  vocant."  Plutarch 
uses  the  shortened  form  ■n-vevfj.ovia,  the  Attic 
being  properly  -n-Xevfj-ovLa,  Hippocrates  using  the 
equivalent  17  TrAev/xovts. 

Sydenham  in  the  seventeenth  century  de- 
scribed true  pneumonia  under  the  name  peri- 
pneumonia  vera  as  contrasted  with  bastard 
peripneumony  — peripneumonia  notha  —  which 
Huxham  in  1764  defined  as  an  obstruction  of 
the  lungs  by  a  heavy,  viscid,  pituitous  matter. 
Was  this  oedema  of  the  lungs,  or  (as  Dr.  Pye 
Smith  states  in  his  article  on  "  Pneumonia " 
in  Dr.  Cliff'ord  Allbutt's  System  of  Medicine) 
bronchitis  1 

To  Hoffmann  belongs  the  credit  of  introducing 
the  name  pneumonic  fever,  which  modern  path- 
ology and  symptomatology  alike  justify  and 
approve.  To  the  German  school,  represented 
especially  by  Cohnheim,  we  owe  the  term 
fibrinous  or  croupous  pneumonia,  which  means 
that  a  coagulable  fibrinous  exudation  takes 
place  on  the  free  surface  of  the  affected  lung, 
that  is,  into  the  air-vessels  of  the  affected  portion 
of  the  organ.  Pleuro-pneumonia  is  a  valuable 
name  for  the  disease,  in  so  far  as  it  emphasises 
the  frequency  with  which  the  pleura  shares  in 
the    morbid   process.     Lastly,  the  adjectives 
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"acute,"  "sthenic,"  "asthenic,"  "  typhoid,"  or 
"ataxic,"  "massive,"  and  so  on,  find  a  place  in 
the  terminology  of  pneumonia,  pneumonitis,  or 
lung  fever. 

In  the  valleys  of  the  High  Alps  in  Switzerland 
a  severe  form  of  pneumonia  in  spring  is  known 
as  "Stich,"  or  "Alpenstich"  {i.e.  stitch). 

The  infectiousness  of  pneumonia  was  observed 
by  Dunns  in  1592.  He  wrote:  "Contagiosum 
quoque  esse  inde  liquido  constabat,  quod  multi 
in  eadem  familia  corriperentur."  Havicio,  writ- 
ing at  Venice  in  1613,  uses  the  words  "influsso 
epidemico  maligno  con  qualche  immediato  con- 
tagio,"  of  an  outbreak  "osservato  nella  terra  di 
Guastalla."  The  term  hepatisation,  as  applied 
to  one  stage  of  the  pathological  anatomy  of 
pneumonia,  was  apparently  suggested  by  Mor- 
gagni,  who  in  1761  used  the  words — "  Pulmones 
compactam  ut  in  hepate  est,  substantiam  habe- 
bant."  Pirri  found,  in  an  epidemic  at  Rome  in 
1779,  "I  polmoni  degenerate  in  una  sostanza 
epatica  per  la  sua  durezza." 

According  to  Hirsch,  the  earliest  records  of 
malignant  epidemical  inflammation  of  the  lungs 
in  Spain,  England,  Denmark,  and  North 
America  belong  to  the  eighteenth  century. 
In  France  and  Switzerland  many  epidemics  of 
pneumonia  occurred  during  that  century,  the 
season  of  nearly  all  the  outbreaks  being  winter 
and  spring,  and  the  type  of  the  disease  being 
"typhoid"  or  "ataxic,"  sometimes  "bilious." 

The  literature  of  pneumonia  grew  apace  as 
decade  followed  decade  in  the  nineteenth  cen- 
tury, which  also  witnessed  the  elucidation  of 
the  etiology  of  this  genus  of  disease,  for  pneu- 
monia includes  many  species.  Huxham  long 
ago  said:  "There  are  very  different  degrees,  I 
might  say  species,  of  this  disease,  which  demand 
a  particular  attention  and  a  method  of  cure 
peculiarly  adapted  to  each." 

Epidemics  of  pneumonia  occur  from  time  to 
time.  Huxham  described  an  outbreak  of  a 
severe  type  which  visited  Plymouth  in  the 
latter  part  of  1745  and  the  beginning  of  1746. 
A  pandemic  of  the  disease  overran  North 
America  between  1812  and  1825.  Laennec 
described  an  "Epidemic  Pneumonia  "as  occur- 
ring among  the  conscripts  of  1814.  An  out- 
break commenced  in  the  Akerhus  prison, 
Christiania,  on  18th  December  1866,  lasting 
until  May  1867.  Among  an  average  of  360 
prisoners  in  that  period,  62  cases  occurred,  of 
which  15  ended  in  death.  Dr.  L.  Dahl  and 
Professor  W.  Boeck  attributed  the  outbreak 
chiefly  to  overcrowding.  To  the  same  cause 
Dr.  Bryson  ascribed  a  very  remarkable  epidemic 
of  pleuro-pneumonia  which  broke  out  in  some 
ships  in  the  Mediterranean  fleet  in  1860.  Dr. 
Thoresen  of  Eidsvold,  Norway,  met  with  a  local 
outbreak  of  "  croupous  pneumonia  "  in  a  single 
row  of  cottages  near  some  glassworks  in  the 
summer  of  1869,  when  the  town  was  otherwise 
almost  free  from  the  disease.    In  the  spring  of 


1874  an  epidemic  of  "sewer-gas  pneumonia," 
as  it  was  aptly  called,  prevailed  at  East  Sheen, 
Mortlake,  London,  S.W.,  in  connection  with 
the  opening  of  a  ventilator  in  a  main  sewer. 
The  cases  occurred  in  a  first-class  boys'  school 
facing  the  road  iinder  which  the  sewer  ran. 
During  the  summer  of  the  same  year  pneumonia, 
apparently  traceable  to  sewer -gas  poisoning, 
prevailed  in  Dublin.  It  was  described  under 
the  name  of  "  pythogenic  pneumonia "  in  a 
paper  written  conjointly  by  the  late  Dr.  Thomas 
Wrigiey  Grimshaw,  C.B.,  afterwards  Registrar- 
General  for  Ireland,  and  by  the  present  writer. 
In  the  autumn,  winter,  and  spring  of  1874-1875 
an  epidemic  of  pneumonia  swept  over  the  south- 
western counties  of  England  (Wynter  Blyth). 
A  serious  outbreak  at  Middlesbrough-on-Tees 
in  1888  formed  the  subject  of  an  admirable 
report  by  Dr.  Edward  Ballard,  Inspector  of  the 
Local  Government  Board,  England.  The  out- 
break lasted  for  twenty-four  weeks,  comprised 
about  1000  cases,  and  caused  369  deaths.  In 
April  and  May  1890  there  was  an  outbreak  at 
Scotter,  in  Lincolnshire,  in  which  22  deaths 
occurred  among  32  known  cases,  a  mortality 
of  69  per  cent.  This  epidemic  was  admirably 
described  by  Dr.  T.  B.  Franklin  Eminson, 
medical  officer  of  the  Scotter  district  of  the 
Gainsborough  Union,  and  it  was  also  specially 
investigated  by  the  Local  Government  Board 
inspector,  Dr.  Parsons,  who  attributed  the  out- 
break to  sewer  -  air  emanations  and  simple 
contagion  conjointly.  In  the  early  spring  of 
1893  epidemic  pneumonia  attacked  the  town- 
ship of  Yeadon,  Yorkshire,  with  a  population 
of  7500.  Dr.  C.  J.  Russell  M'Lean,  D.P.H., 
medical  officer  of  health  for  the  township, 
observed  35  undoubted  cases,  of  which  24,  or 
71 '4  per  cent,  occurred  in  the  months  of  March 
and  April.  There  were  13  deaths,  the  case 
mortality  being  as  high  as  37  "14  per  cent. 
Dr.  M'Lean  cites  two  series  of  cases — 3  in  each 
instance — in  which  the  disease  was  apparently 
communicated  from  person  to  person. 

A  startling  fact  as  to  the  frequency  and 
mortality  of  pneumonia  is  brought  out  by  Dr. 
Hector  Mackenzie,  of  St.  Thomas's  Hospital, 
who  finds  that  in  a  population  of  30,000,000 
in  England  and  Wales,  at  least  220,830  persons 
are  annually  affected  with  pneumonia,  and  that 
31,950  persons  annually  die  from  this  disease, 
the  mortality  being  thus  14-5  per  cent  of  those 
attacked.  In  the  year  1898  the  death-rate 
from  pneumonia  in  England  and  Wales  was 
1323  per  million  males  in  the  population,  and 
947  per  million  females.  Tables  20  and  22  in 
the  Sixty-first  Annual  Report  of  the  Registrar- 
General  of  Births,  Deaths,  and  Marriages  in 
England  (1898)  show  that  the  annual  death- 
rate  per  million  from  pneumonia  among  males, 
which  had  been  as  low  as  1089  in  the  year 
1881,  rose  with  a  bound  from  1206  in  1889 
to  1731  in  1890,  and  still  further  to  1798  in 
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1891,  coincidently  with  the  first  epidemic  or 
epidemics  of  influenza.  Similarly  among  females 
the  annual  death-rate,  which  had  been  down  to 
740  in  1881,  rose  from  848  in  1889  to  1095  in 
1890,  and  to  1165  in  1891.  These  figures  show 
what  a  far-reaching  effect  influenzal  pneumonia 
has  upon  the  death-rate  from  "pneumonia"  in 
the  abstract. 

In  1898,  out  of  a  total  of  82,404  deaths 
registered  in  Ireland,  3550  were  referred  to 
pneumonia — 2074  in  males,  1476  in  females. 
That  is  to  say,  pneumonia  was  responsible  for 
4"2  per  cent  of  all  the  deaths,  and  the  death- 
rate  due  to  it  was  equal  to  1  in  1279'9,  or 
0'78  per  thousand  of  the  estimated  population. 

Etiology. — Pneumonia,  taking  the  term  in 
its  full  acceptation,  must  be  looked  upon  as 
an  essential  or  specific  febrile  disease,  strictly 
analogous  to  diphtheria,  enteric  fever,  smallpox, 
or  any  other  of  the  recognised  infective  diseases 
{Infectionshrankheiten).  It  is  a  microbic  in- 
fection in  which  the  lungs  are  the  usual,  though 
not  the  invariable,  battle-ground.  In  1899 
J.  Pelnar  reported  two  cases  of  pneumococcus 
sepsis  without  pneumonia.  The  first  was  in  an 
infant  three  months  old,  presenting  fever  and 
convulsions.  The  child  died,  and  at  the  autopsy 
gastro  -  enteritis,  purulent  meningitis  of  the 
convexity,  and  purulent  rhinitis  were  found, 
cultures  from  the  meningeal  pus  and  the  spleen 
giving  the  Fraenkel-Weichselbaum  diplococcus. 
The  second  case  was  that  of  a  woman,  aged  22 
years,  in  the  puerperium.  There  was  an 
uncertain  diagnosis  of  scarlet  fever  with  phleg- 
monous tonsillitis,  followed  by  sepsis  and  lepto- 
meningitis, cultures  from  the  spleen  and  from 
the  tonsillar  and  meningeal  pus  yielding  the 
pneumococcus.  Pneumonia  was  absent  in  each 
case. 

The  varying  phenomena  presented  in  different 
cases  of  pneiimonia  probably  depend,  as  it  has 
been  suggested,  on  a  varying  virulence  of  its 
supposed  specific  micro-organisms,  the  affection 
being  regarded  as  an  essential  disease  analogous 
to  diphtheria,  enteric  fever,  smallpox,  or  any 
other  infective  malady.  The  micro-organisms 
which  appear  to  stand  in  a  direct  causal  relation 
to  pneumonic  fever  have  already  been  named. 
But  there  is  evidence  to  show  that  the  Diplo- 
coccus pneumonim  and  the  Bacillus  pneumoniae 
are  not  exclusively  concerned  in  producing 
inflammation  of  the  lung  tissues. 

The  subject  may  be  considered  from  both  an 
etiological — or,  we  might  say,  a  bacteriological 
— and  a  clinical  standpoint.  Naturally,  it  is 
chiefly  from  the  latter  point  of  view  that 
hospital  physicians  have  had  opportunities  of 
regarding  the  question.  It  is  impossible,  how- 
ever, to  ignore  the  bacteriological  aspects  of 
the  case. 

In  support  of  Fliigge's  statement  just  quoted, 
we  propose  to  adduce  evidence  that  the  micro- 
organisms peculiar  to  erysipelas,  to  influenza,  to 


tuberculosis,  and  to  enteric  fever  may  one  and 
all  give  rise  to  a  specific  pneumonia  or  pneu- 
monic fever.  So  also  may  Loffler's  diphtheria 
bacillus  (the  Bacillus  pestis  of  Kitasato  and 
Yersin)  and  the  bacillus  of  malignant  anthrax, 
as  well  as  other  pathogenic  bacteria.  Fliigge, 
for  example,  says  :  "  We  are  already  acquainted 
with  pneumonias  which  are  caused  by  asper- 
gillus  and  actinomyces ;  it  is  a  priori  not  im- 
probable that  also  among  bacteria  there  are 
several  other  species  which  can  set  up  pneu- 
monia." 

I.  Erysipelas. — In  the  form  of  this  disease 
which  has  been  called  "  erratic "  or  "  vagrant 
erysipelas  "  {erysipelas  migrans) — the  erysipele 
ambulant  of  French  writers — the  attack  may  be 
protracted  for  one  or  two  months.  In  such 
cases  not  only  every  part  of  the  surface  of  the 
body,  but  the  whole  tract  of  mucous  membranes, 
and  even  the  lungs  and  pleurae,  may  in  turn 
become  affected.  Dr.  Peter,  of  Paris,  has  drawn 
attention  to  the  spread  of  erysipelatous  inflam- 
mation from  the  pharynx  to  the  respiratory 
passages,  causing  in  sequence  bronchitis,  bronchi- 
olitis (capillary  bronchitis),  and  pneumonia. 

In  a  case  observed  by  the  writer  at  Cork 
Street  Fever  Hospital,  Dublin,  many  years 
ago,  the  converse  of  this  happened.  A  man 
was  admitted  suffering  from  pneumonia  migrans. 
After  some  days  a  blush  of  erysipelas  showed 
over  one  shoulder,  and  spread  thence  down  the 
back,  with  the  interesting  result  that  simul- 
taneously the  pneumonic  symptoms  subsided. 
So  great  was  the  impression  made  upon  him  by 
this  case  that  ever  since  the  writer  has  recog- 
nised the  propriety  of  looking  upon  erysipelas 
pidmonum  as  a  distinct  species  of  the  great 
genus  Pneumonia. 

Grisolle  quotes  from  Serres  a  case  of  a  patient 
who  had  several  attacks  of  pneumonia,  each 
terminating  in  an  attack  of  erysipelas.  Wilson 
Fox  states  that  he  had  seen  only  one  such  case. 
The  erysipelas  appeared  three  days  after  com- 
plete defervescence,  and  the  resolution  of  the 
pneumonia  and  the  subsequent  recovery  of  the 
patient  were  greatly  protracted. 

The  teaching  of  Levy,  of  Strassburg,  that 
Streptococcus  pyogenes  is  an  exciter  at  once  of 
suppuration  and  of  erysipelas,  is  now  generally 
accepted.  This  pyogenic  bacterium  was  ob- 
tained by  Fehleisen  from  the  skin  involved  in 
cases  of  erysipelas  in  1883,  and  by  Rosenbach 
and  Passet  from  the  pus  of  acute  abscesses 
within  a  year  or  two  afterwards.  Sternberg 
gives  the  following  synonyms  for  Streptococcus 
pyogenes — micrococcus  of  erysipelas  (Fehleisen), 
Streptococcus  erysipelatis ;  streptococcus  of  pus. 
Streptococcus  longus  (von  Lingelsheim). 

If,  then,  we  admit  the  identity  of  the  pus- 
producing  streptococcus  with  that  of  erysipelas, 
we  at  once  obtain  a  key  to  the  occurrence  of  an 
acute  pneumonia  in  erysipelas.  For  this  very 
bacterium — the  Streptococcus  pyogenes — plays  a 
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part  that  is  second  to  none  in  the  production  of 
influenza-pneumonia. 

Prof.  Hermann  Lenhartz,  of  Hamburg,  in  his 
masterly  monograph  on  Erysipelas  in  Hofrath 
Prof.  Hermann  Nothnagel's  Specielle  Pathologic 
und  Therapie  (vol.  iii.  part  3),  considers  that 
pneumonia  is  to  be  regarded  as  erysipelatous 
only  when  it  has  arisen  in  immediate  connection 
with  a  cutaneous,  pharyngeal,  or  laryngeal  ery- 
sipelas. Mosny,  however,  saw  a  pneumonia 
appear  in  the  servant  of  a  gentleman  ill  of 
facial  erysipelas.  The  attack  terminated  fatally 
within  two  days.  At  the  autopsy  a  circum- 
scribed broncho-pneumonic  area  was  found, 
from  which  pure  cultures  of  streptococci  were 
obtained.  These  produced  a  true  erysipelas 
in  the  ear  of  a  rabbit.  Denuce  and  Schonfeld 
found  the  specific  streptococci  of  erysipelas  both 
in  the  pulmonary  capillaries  and  in  the  peri- 
cardial and  pleural  exudations  in  cases  of  pneu- 
monia occurring  in  the  course  of  erysipelas. 

Waldenburg  and  Friedreich  have  emphasised 
the  connection  between  the  so-called  "  wandering 
pnevimonias  "  and  erysipelas.  A  serpiginous  ad- 
vance of  the  pulmonary  hepatisation,  a  marked 
tendency  to  involvement  of  both  hmgs,  the 
uniform  occurrence  of  marked  splenic  enlarge- 
ment, and  a  frequent  coincidence  of  acute  ery- 
sipelas and  "puerperal  fever"  caused  Friedreich 
to  speak  of  these  cases  as  "  erysipelatous  pneu- 
monias." 

Lenhartz,  in  quotmg  the  foregoing  authors, 
while  not  denying  the  possibility  of  primary 
erysipelatous  pneumonias,  considers  that  they 
are  extremely  rare.  It  is,  however,  certain  that 
such  pneumonias  may  be  caused  by  the  Strepto- 
coccus erysipelatis,  and  not  by  the  Diplococcus 
pneumoniae  of  Fraenkel,  when  they  accompany 
or  follow  an  external  erysipelas.  It  may,  in 
his  opinion,  remain  doubtful  whether  a  direct 
transmission  of  the  germ  from  the  skin  to  the 
lungs  has  caused  the  pneumonia,  or  whether 
the  infection  has  occurred  through  the  blood. 
In  the  latter  case  the  erysipelatous  pneumonia 
is  to  be  simply  interpreted  as  a  septicEemic 
manifestation. 

II.  Influenza. — In  the  article  on  this  disease 
(vol.  iv.  p.  429)  it  was  pointed  out  that  the 
pneumonia  of  influenza,  while  producing  the 
ordinary  physical  signs  of  acute  croupous 
pneumonia,  is  often  latent  in  its  course  or 
accompanied  by  a  profuse  muco-purulent  ex- 
pectoration, with  scarcely  any  rusty  sputa. 
Leyden  describes  the  pneumonias  observed  by 
him  in  influenza  as  running  a  peculiar  course  : 
severe  pain  in  the  side  and  dyspnoea  were  rarely 
noticed,  the  typical  sputum  was  often  wanting, 
the  local  process  was  often  atypical — being  of  a 
migratory,  catarrhal,  and  of  a  lobular  distribu- 
tion in  many  instances.  The  foremost  German 
authorities  on  the  influenza  of  1889-1890  laid 
stress  on  the  erysipelas-like  spread  of  influenza- 
pneumonia  in  the  lungs,  and  on  the  prominent 


part  which  the  Streptococcus  pyogenes  seemed  to 
play  in  its  etiology.  The  question,  however, 
in  such  cases  is  probably  one  of  a  secondary  in- 
fection, for  which  the  attack  of  influenza  merely 
laid  the  foundation.  Certainly  the  discovery 
by  PfeifFer,  in  1892,  of  the  Bacillus  injiuenz(B 
in  the  purulent  bronchial  secretion,  and  by 
Canon  in  the  blood  of  patients  suffering  from 
epidemic  influenza,  must  be  regarded  as  con- 
clusive proof  of  the  existence  of  a  specific 
primary  infection  to  which  all  other  infections 
are  accidental  or  secondary. 

III.  Tuberculosis. — We  do  not  here  allude 
to  acute  tubercular  fever  (in  which  the  lungs 
may  escape  unscathed)  on  tlie  one  hand,  or  on 
the  other  to  the  local  peripneumonic  processes 
which  accompany  sporadic  depositions  of 
tubercle  in  the  lungs  in  ordinary  catarrhal 
phthisis.  Nor  do  we  refer  to  those  cases  in 
which  in  the  wake  of  an  acute  primary  croupous 
pneumonia  the  wounded  lung  falls  a  ready  prey 
to  a  secondary  infection  by  the  Bacillus  tubercic- 
losis,  when  this  micro-organism  finds  a  fertile 
soil  in  the  caseating  exudation  of  an  unresolved 
pneumonia.  These  several  conditions  are  all 
beside  the  present  question. 

Our  concern  is  with  acute  phthisis,  or  scroful- 
ous pneumonia,  and  the  so-called  acute  tuber- 
culo-pneumonic  phthisis.  Both  these  affections 
present  consolidations  in  the  lungs  of  a  pneu- 
monic origin,  but  tuberculisation,  as  well  as 
pneumonia,  exists. 

In  both  these  varieties  of  "  Consumption " 
we  have  examples  of  true  pneumonia  resulting 
from  an  infection  by  the  Bacillus  tuberculosis  of 
Koch. 

IV.  Enteric  Fever. — It  is  well  known  that 
pneumonia  is  more  commonly  observed  as  a 
complication  in  enteric  fever  than  in  typhus. 
Murchison  noted  it  in  13  out  of  100  cases, 
and  Austin  Flint  (according  to  Bartlett)  in  12 
out  of  73  cases.  It  commonly  occurs  in  the 
third  or  fourth  week,  but  may  usher  in  the 
disease.  In  this  latter  case  its  presence  is 
probably  an  indication  that  the  enteric  fever 
poison  has  entered  the  system  through  the 
lungs.  It  is  most  commonly  a  lobular  pneu- 
monia, but  occasionally  it  occurs  under  the  form 
of  ordinary  croupous  pneumonia. 

It  is,  indeed,  true  that  Eberth  points  out 
that  anatomical  investigations  had  (up  to  1881) 
afforded  no  evidence  of  the  admission  of  the 
Bacillus  typhosus  through  the  lungs.  With 
this  Gaffky  does  not  agree,  for  he  considers  it 
highly  probable  —  or  at  least  the  possibility 
cannot  be  contested — that  the  lungs  may  occa- 
sionally represent  the  seat  of  invasion.  Eberth 
himself  quotes  a  case  observed  by  W.  Meyer,  of 
Berlin,  in  which  death  ensued  on  the  second 
day  of  illness.  In  this  case  there  were  found  at 
the  autopsy  hypersemia  of  the  lungs,  spleen, 
and  kidneys,  in  the  lower  portion  of  the  ileum 
marked  swelling  of  the  solitary  follicles  and 
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Peyer's  patches.  Microscopical  examination  re- 
vealed a  very  exceptionally  large  deposit  of 
Eberth's  bacilli  in  the  cells  of  the  submucosa 
and  in  the  intermediate  muscular  layers  of  the 
intestine.  Apparently  they  were  not  found  in 
the  lungs,  notwithstanding  their  hyperaemic 
condition. 

Even  if  we  take  it  as  not  yet  proved  that 
infection  in  enteric  fever  may  occur  by  way  of 
the  lungs,  there  is  no  doubt  that  a  close  cor- 
relation exists  between  this  disease  and  that 
variety  of  acute  pneumonia,  or  pneumonic 
fever,  to  which  the  term  "  Pythogenic  Pneu- 
monia" has  been  commonly  applied  since  1875, 
when  the  late  Dr.  Thomas  W.  Grimshaw,  after- 
wards Registrar -General  for  Ireland,  and  the 
present  writer  read  a  paper  on  the  subject 
before  the  Medical  Society  of  the  College  of 
Physicians  of  Ireland. 

In  the  eighth  volume  of  the  Johns  Hopkins 
Hospital  Reports  (Baltimore,  1900)  will  be 
found  an  analysis  and  general  summary  of  the 
cases  of  enteric  fever — 829  in  number — treated 
in  the  medical  wards  of  the  Johns  Hopkins 
Hospital  from  1889  to  1899.  It  is  from  the 
pen  of  Professor  Osier.  Speaking  of  complica- 
tions affecting  the  respiratory  system.  Dr.  Osier 
says  : — 

"  One  may  divide  pneumonia  in  typhoid  fever 
into  two  groups,  according  to  its  appearance 
with  the  onset,  during  the  course,  or  towards 
the  termination  of  the  disease."  He  proceeds  : 
Pneumonia  at  Onset. — The  interesting  feature 
of  this  form,  the  so-called  pneumo-typhoid  of 
the  French,  is  that  the  cases  may  present  all 
the  characteristics  of  ordinary  croupous  pneu- 
monia, no  other  diagnosis  may  be  reached, 
and  it  may  not  be  corrected  \mtil  autopsy." 
He  recalls  the  fact  that  he  had  in  1894  given 
the  history  of  a  remarkable  case  of  this  char- 
acter, in  which  clinically  he  had  no  suspicion 
that  there  was  any  other  disease  than  pneu- 
monia, but  the  autopsy  showed  characteristic 
enteric  fever.  He  reports  a  very  similar  case, 
occurring  in  a  man  aged  68,  who  died  within 
the  first  forty-eight  hours  without  any  suspicion 
having  been  entertained  that  he  had  enteric 
fever.  The  autopsy  showed  the  lesions  of  this 
disease.  Again,  in  the  case  of  a  woman  aged 
26,  who  was  admitted  on  November  11,  1898, 
complaining  of  cough,  headache,  and  pain  in 
the  back,  the  symptoms  remained  chiefly  pul- 
monary for  nearly  eleven  days,  and  Dr.  Osier 
and  his  colleagues  did  not  recognise  the  case  as 
one  of  enteric  fever.  There  was  no  leucocytosis 
at  first.  On  November  13  there  were  7600 
white  corpuscles ;  on  November  22,  23,  and 
24  they  increased  to  22,000 ;  on  November 
28  there  were  12,500.  The  patient  had  no 
diazo  reaction  throughout.  The  Widal  test 
was  applied  repeatedly,  but  it  was  not  until 
November  24  that  it  could  be  said  to  be  fairly 
positive.     Then  on  the  26th  a  crop  of  rose 


spots  and  the  general  features  clinched  the 
diagnosis. 

As  regards  enteric  fever,  the  influence  of 
season  and  weather  in  determining  pneumonic 
trouble  is,  no  doubt,  considerable ;  but  it  can- 
not be  accepted  as  paramount  or  exclusive. 
And,  indeed,  it  is  reasonable  to  suppose  that  in 
some  cases,  at  all  events,  the  pneumonitis  is 
directly  due  to  a  localisation  of  the  specific 
poison  of  enteric  fever  in  the  lung,  whether  that 
poison  be  the  Bacillus  typhosus  itself,  or  a  toxin 
derived  therefrom. 

V.  Anthrax. — "  That  man  may  be  infected 
with  anthrax  by  way  of  the  respiratory  organs," 
writes  Sternberg,  "  seems  to  be  well  established. 
In  England  the  disease  known  as  '  wool-sorters' 
disease'  results  from  infection  in  this  way  among 
workmen  engaged  in  sorting  wool,  which  is  liable 
to  contain  the  spores  of  the  anthrax  bacillus 
when  obtained  from  the  skin  of  an  animal  which 
has  fallen  a  victim  to  this  disease.  That  infec- 
tion occurs  through  the  lungs  is  shown  by  the 
fact  that  these  organs  are  first  involved,  the 
disease  being,  in  fact,  a  pulmonic  anthrax." 

That,  in  infective  diseases  in  general,  infec- 
tion may  occur  through  the  mucous  membranes 
of  the  respiratory  tract,  has  been  demonstrated 
(according  to  Sternberg)  by  several  bacteri- 
ologists—  especially  by  Buchner,  who  caused 
mice  and  guinea-pigs  to  breathe  an  atmosphere 
containing  in  siispension  a  powder  consisting  of 
dried  anthrax  spores  mixed  with  lycopodium 
powder  or  pulverised  charcoal.  In  a  series  of 
66  experiments,  50  animals  died  of  anthrax, 
9  of  pneumonia,  and  7  survived.  Microscopical 
examination  of  sections  and  culture  experiments 
showed  that  the  kmgs  were  extensively  invaded. 

VI.  Epidemic  Cerebro-Spinal  Meningitis. — 
The  Diplococcus  intracellularis  meningitidis  of 
Weichselbaum  occasionally  produces  a  specific 
pneumonia.  In  a  report  on  an  epidemic  of 
cerebro-spinal  meningitis  which  prevailed  in 
Boston,  Massachusetts,  and  the  neighbouring 
towns,  from  the  spring  of  1896  to  that  of 
1898,  published  by  the  Massachusetts  State 
Board  of  Health,  Councilman,  Mallory,  and 
Wright  mention  8  cases  in  which  the  diplococcus 
caused  pneumonia,  in  addition  to  which  there 
were  2  cases  of  croupovis  pneumonia  with  pneu- 
mococci,  7  of  broncho-pneumonia,  and  13  cases 
of  congestion  with  oedema. 

VII.  Plague. — The  most  fatal  form  of  this 
dread  disease  is  that  in  which  it  declares  itself 
as  a  true  pneumonia,  albeit  more  frequently  of 
a  disseminated  kind  (broncho-pneumonia),  of  a 
lobular  rather  than  of  a  lobar  type.  It  is  not 
merely  deadly,  but  dangerous,  because  of  the 
vast  crowds  of  bacilli  which  are  found  in  the 
expectoration,  whereby  the  infection  may  be 
widely  diffused. 

During  the  epidemic  of  plague  in  Bombay 
in  1897,  Captain  L.  F.  Childe,  I.M.S.,i  observed 
'  Report  to  the  Plague  Research  Committee  in  Bombay. 
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that,  concomitantly  with  the  increase  of  mor- 
tality from  the  bubonic  form  of  the  disease, 
deaths  from  pneumonia  multiplied  pari  passu. 
In  the  pneumonic  form  of  plague,  according  to 
Childe,  the  only  marked  evidences  of  disease 
are  found  in  the  lungs ;  the  lymphatic  glands 
and  other  organs  are  scarcely  affected  at  all. 
In  these  cases  there  was  general  engorgement, 
with  considerable  oedema  and  a  reddened  con- 
dition of  the  bronchial  mucous  membrane.  A 
number  of  pneumonic  patches,  varying  in  size 
from  a  pea  to  an  egg,  were  found  scattered 
through  the  lungs.  These  patches  had  the 
appearance  of  the  first  and  second  stages  of 
lobular  pneumonia,  but  no  patches  were  found 
which  had  passed  on  to  the  third  stage  of  soften- 
ing and  breaking  down.  Petechial  hsemorrhages 
were  usually  forthcoming  on  the  surface  of  the 
lung.  The  bronchial  glands  were  either  en- 
larged, swollen,  (Edematous,  soft,  and  distinctly 
engorged,  or  else  they  were  small  and  of  the 
visual  appearance — perhaps  a  little  engorged. 

In  cases  of  plague  pneumonia  Childe  states 
that  the  bacilli  of  plague  were  seen  in  abundance 
in  the  pneumonic  areas.  They  could  be  found 
in  profusion  amongst  the  catarrhal  epithelial 
cells  and  leucocytes  which  filled  the  alveoli  and 
terminal  bronchioles,  as  well  as  among  the 
blood  corpuscles  of  the  alveoli  into  which 
hsemorrhage  had  occurred.  Similarly  in  the 
lungs  of  non-pneumonic  cases  they  could  be 
seen,  but  in  far  fewer  numbers,  and  mostly 
where  small  haemorrhages  had  taken  place  into 
the  alveoli 

Dr.  James  Cantlie  says  that  pneumonic  plague 
is  usually  ushered  in  by  a  rigor,  dyspnoea,  cough, 
a  high  temperature,  and  marked  prostration. 
The  sputum  is  profuse,  of  a  watery  character 
at  first ;  it  may  be  tinged  with  blood  from 
the  onset,  but  more  usually  blood  does  not 
appear  until  the  illness  has  lasted  twenty-four 
hours.  The  pulse  is  soft  and  compressible  from 
the  first,  and  cardiac  distress  is  considerable. 
Pneumonic  patches — lobular  pneumonia — occur 
in  either  lung  and  at  any  portion  of  the  lungs, 
but  are  more  usually  met  with  in  the  lower 
lobe  and  towards  the  posterior  aspect.  Moist 
sounds,  especially  at  the  base,  and  bronchial 
rhonchi  are  to  be  heard,  but  all  the  signs  and 
symptoms  are  peculiarly  evanescent,  and  a 
patch  of  pneumonic  consolidation,  dull  to-day, 
clears  up  to-mon-ow,  when  another  part  of  the 
lung  becomes  affected.  Delirium,  frequently 
of  a  violent  type,  is  present ;  but  before  death 
coma  supervenes,  preceded,  it  may  be,  by  a 
muttering  delirium.  The  pneiunonic  variety 
of  plague  is  a  most  rapidly  fatal  form  of  the 
disease,  the  patient  usually  dying  on  the  third 
or  fourth  day. 

In  an  article  on  "  Pneumonia  and  Broncho- 
Pneumonia,"  published  in  February  1900,  the 
editor  of  The  Practitioner  (Mr.  Malcolm  Morris) 
wrote    as    follows  :  —  "  Certain  pathologists, 


without  contesting  the  intervention  of  the 
pneumococcus  in  the  majority  of  cases  of  lobar 
pneumonia,  consider  that  this  microbe  is  not 
always  en  cause ;  that  other  micro-organisms 
can  give  rise  to  this  disease.  To  unity  in 
cause,  they  oppose  plurality  (Weichselbaum, 
Jurgensen,  Finkler).  Their  opinion  is  founded 
on  this  consideration,  that  in  a  pneumonic  focus 
other  pathogenic  microbes  than  the  pneumo- 
coccus have  been  found  ;  that  these  microbes 
introduced  into  the  lung  of  animals  have  given 
rise  to  inflammatory  lesions." 

In  contradistinction  to  these  views,  which 
we  venture  to  adopt  from  our  own  clinical 
experiences,  Netter  says  dogmatically  :  "  There 
is  no  pneumonia  without  pnevimococci."  He 
also  states  that  "the  constant  presence  of  the 
pneumococcus  of  Talamon-Fraenkel  in  lobar 
pneumonia,  and  the  plurality  of  microbes 
causing  broncho-pneumonia,  are  the  distinctive 
elements  which  bacteriology  permits  us  to 
recognise  in  the  history  of  pulmonary  inflam- 
mations." According  to  Netter,  the  pneumo- 
coccus of  Talamon  and  Fraenkel  is  the  specific 
microbe  of  lobar  pneumonia,  but  he  will  surety 
admit  that  the  pneumococcus  plays  a  leading 
part  in  the  causation  of  pneumonia  in  children, 
yet  how  seldom  is  its  distribution  lobar.  Nor 
is  the  lung  by  any  means  the  only  seat  of  a 
primary  localisation  of  the  pneumococcus.  In 
121  post-mortem  examinations  Netter  himself 
found  the  primary  localisation  to  lobar  pneu- 
monia in  65"95  per  cent,  broncho-pneumonia 
and  bronchiolitis  in  15'85,  meningitis  in  13, 
purulent  pleurisy  in  8'53,  otitis  media  in  2"44, 
endocarditis  in  1  "22,  and  abscess  of  the  liver  in 
1'22  per  cent. 

Predisposing  Causes 

1.  Totvn  life  increases  both  the  prevalence  of 
and  the  mortality  from  pneumonia.  The 
Registrar  -  General  for  Ireland  (Mr.  Robert 
Matheson,  LL.D.,  M.A.)  has  kindly  furnished 
tables  showing  the  number  of  deaths  from  pneu- 
monia by  ages  and  sexes  registered  in  the  whole 
of  Ireland  and  in  the  Dublin  Registration  Dis- 
trict respectively  during  each  of  the  five  years 
1894-1898,  together  with  the  average  deaths 
from  pneumonia  for  the  same  period.  From 
these  tables  it  appears  that  the  average  annual 
death-rate  per  10,000  of  the  population  from 
pneumonia  throughout  Ireland  in  the  quin- 
quennium 1894-1898  was  7'8.  The  correspond- 
ing figure  for  the  Dublin  Registration  District 
was  14 '4.  So  that  practically  the  pneumonic 
death-toll  was  twice  as  heavy  in  the  Irish 
metropolis  as  it  was  throughout  the  country  at 
large.  In  other  words,  pneumonic  aff'ections  kill 
twice  as  many  of  the  population  in  a  large  town 
compared  with  the  open  country. 

2.  ^^I'e.— From  the  same  tables  we  learn  that 
the  average  annual  deaths  from  pneumonia  in 
all  Ireland  during  the  five  years  1894-1898  were 
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3574.  Among  these  were  395  deaths  of  infants 
under  1  year  of  age,  245  of  children  aged  1 
year,  103  of  children  aged  2  years,  65  of  children 
aged  3  years,  and  39  of  children  aged  4  years 
— in  all  847  deaths  of  children  under  5  years 
of  age,  or  23"7  per  cent.  Between  the  ages  of 
5  and  10  years  the  deaths  were  111  ;  from  10 
to  15  years,  71  ;  from  15  to  20,  104  ;  from  20 
to  25,  124  ;  from  25  to  35,  259  ;  from  35  to  45, 
335;  from  45  to  55,  437  ;  from  55  to  65,  571  ; 
from  65  to  75,  463  ;  from  75  to  85,  215  ;  from  85 
to  95,  35  ;  and  at  95  years  of  age  and  upwards,  2. 

3.  Sex  plays  an  important  part  in  the  eti- 
ology of  pneumonia.  In  England  and  Wales,  in 
1898,  1323  males  out  of  every  million  died  of 
pneumonia,  while  the  corresponding  number  of 
females  was  only  947.  Three-fifths  of  the  deaths 
from  this  disease  registered  in  Ireland  in  the 
five  years  1894-1898  inclusive  were  among 
males,  two-fifths  among  females.  The  exact 
numbers  were — males,  2111  deaths,  or  59  per 
cent;  females,  1463  deaths,  or  41  per  cent; 
total  deaths,  3574.  Sex,  however,  is  rather  an 
accidental  than  a  positive  factor  in  the  etiology, 
for  it  is  only  after  the  age  of  20  years  that  the 
disproportion  in  the  deaths  among  the  sexes 
becomes  extreme.  Under  1  year  old,  indeed, 
out  of  395  deaths,  only  166  were  of  females, 
whereas  229  were  of  males,  the  percentages 
being — females,  42  ;  males,  58.  Between  the 
ages  of  1  and  2  years  the  respective  deaths  were 
— males,  135  ;  females,  110;  total,  245  ;  or,  in 
percentages,  males,  55 ;  females,  45.  Then 
comes  a  change — between  2  and  3  years  the 
sexes  die  of  pneumonia  in  equal  numbers — 
males,  52  ;  females,  51  ;  total  annual  deaths, 
103.  Between  3  and  4  years  the  numbers  are 
— males,  30 ;  females,  35  ;  total,  65  ;  between 
4  and  5 — males,  18;  females,  21;  total,  39. 
The  above  figures  give  847  deaths  yearly,  of 
which  464,  or  55  per  cent,  occur  among  males, 
383,  or  45  per  cent,  among  females.  But 
between  5  and  10  years,  57  females  die  of  pneu- 
monia for  every  54  males ;  and  between  10  and 
15  years,  39  females  for  every  32  males.  Taking 
these  ten  years — 5  to  15 — together,  we  find 
that  of  182  yearly  deaths  only  86  occur  among 
males,  but  96  among  females,  the  percentages 
being — males,  47  ;  females,  53.  After  puberty, 
i.e.  15  years,  the  sexes  draw  more  and  more 
widely  apart  as  regards  the  deadly  influence 
upon  them  of  pneumonia,  the  balance  being 
altogether  against  the  male  sex.  The  explana- 
tion is  obvious.  After  the  critical  age  of  15 
males  are  more  exposed  to  the  other  predisposing 
causes  of  pneumonia,  including  over-exertion, 
over-heating,  vicissitudes  of  atmospheric  tem- 
perature, wet  and  cold,  and,  above  all,  alcoholic 
intemperance  and  injury. 

4.  Season.  —  Contrary  to  what  one  might 
a  priori  imagine,  pneumonia  is  not  so  much  a 
disease  of  winter  as  of  spring,  and  of  late  spring 
especially. 


August  Hirsch,  Professor  of  Medicine  in  the 
University  of  Berlin,  after  pointing  out  that 
pneumonia,  even  in  its  narrowest  acceptation  of 
fibrinous  or  so-called  croupous  pneumonia,  is  an 
anatomical  term  that  includes  several  inflam- 
matory processes  differing  from  one  another  in 
their  etiology,  goes  on  to  observe  that  the  prev- 
alence of  the  malady  depends  very  decidedly 
upon  certain  influences  of  season  and  weather. 
He  gives  an  elaborate  table  of  percentages  of 
pneumonic  prevalence  in  the  several  months  at 
a  large  number  of  places  in  Europe  and  America. 
According  to  this  table,  the  largest  number  of 
cases  falls  in  the  months  from  February  to  May, 
the  smallest  number  in  the  period  from  July  to 
September.  Taking  the  average  for  all  the 
places  mentioned  in  the  table,  it  appears  that 
34'7  per  centum  of  the  patients  were  attacked 
in  spring  (March  to  May  inclusive) ;  29'0  in 
winter  (December  to  February) ;  18*3  in  autumn 
(September  to  November)  ;  and  18'0  in  summer 
(June  to  August).  The  combined  percentage 
for  winter  and  spring  is  63'7  ;  that  for  summer 
and  autumn  is  36 "3.  If  the  number  of  cases  in 
summer  be  taken  as  1,  then  autumn  has  1*02, 
winter  1*6,  and  spring  1'9.  Nearly  all  the  re- 
corded epidemics  of  pneumonia  have  occurred 
in  winter  and  spring.  From  the  foregoing  con- 
siderations, Hirsch  confidently  concludes  that 
the  origin  of  the  malady  is  dependent  on  weather 
influences  proper  to  winter  and  spring,  and  more 
particularly  on  stidden  changes  of  temperature 
and  considerable  fluctuations  in  the  proportion 
of  moistiire  in  the  air.  He  holds  that  any  ex- 
ceptionally large  number  of  cases  of  "inflamma- 
tion of  the  lungs  "  at  the  other  seasons,  more 
especially  in  summer,  has  coincided  with  the 
prevalence  of  the  same  meteorological  conditions 
phenomenally  at  that  season. 

Netter  thinks  that  the  maximal  prevalence  of 
pneumonia  in  March,  April,  and  May  is  due  to 
an  increased  virulence  of  the  pneumococcus 
during  those  months. 

In  a  paper  on  "  Pythogenic  Pneumonia," 
published  in  1875  by  the  late  Dr.  Grimshaw  and 
the  writer,  will  be  found  a  table,  compiled  from 
the  returns  of  the  Kegistrar-General  for  Ireland, 
which  shows  the  number  of  deaths  from  bron- 
chitis and  pneumonia  registered  in  the  Dublin 
Registration  District  in  each  quarter  of  the 
nine  years  1865-1873  inclusive.  According  to 
that  table,  of  every  100  deaths  from  bronchitis, 
44  on  the  average  occurred  in  the  first  quarter 
of  the  year,  22  in  the  second,  only  10  in  the 
third,  and  24  in  the  fourth  quarter.  Thus  the 
mortality  from  bronchitis  was  twice  as  great  in 
the  first  as  it  was  in  the  second  quarter,  and 
more  than  four  times  greater  in  the  first  than 
in  the  third  quarter. 

Very  different  were  the  facts  as  to  pneumonia 
— of  every  100  deaths  from  this  disease,  32  on 
the  average  occurred  in  the  first  quarter,  27  in 
the  second,  16  in  the  third,  and  25  in  the  fourth 
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quarter.  The  mortality  from  pneumonia  was 
only  one-fifth  greater  in  the  first  than  in  the 
second  quarter,  and  only  twice  as  great  in  the 
first  as  in  the  third  quarter.  The  extreme 
winter  fatality  of  bronchitis  and  its  low  summer 
fatality  were  equally  wanting  in  the  case  of 
pneumonia. 

A  careful  analysis  of  the  weekly  returns  of 
the  Registrars-General  of  England  and  Ireland 
for  ten  years  ending  with  1885,  and  of  the  same 
returns  for  the  year  1886,  brings  out  a  similar 
remarkable  contrast  between  bronchitis  and 
pneumonia,  as  to  the  time  of  year  when  these 
diseases  are  respectively  most  prevalent  and 
fatal  in  London  and  Dublin. 

In  both  cities  bronchitis  falls  to  a  very  low 
ebb  in  the  third  or  summer  quarter  of  the  year 
(July  to  September  inclusive),  when  only  12  per 
centum  of  the  deaths  annually  caused  by  this 
disease  take  place  in  Dublin,  and  only  11  per 
centum  in  London.  In  the  last  or  fourth 
quarter  (October  to  December  inclusive),  the 
percentage  of  deaths  from  bronchitis  rises  to  27 
in  Dublin  and  to  30  in  London.  The  maximal 
mortality  occurs  in  the  first  quarter  (January 
to  March  inclusive),  when  it  is  38  per  centum 
in  both  London  and  Dublin.  In  the  second  or 
spring  quarter  (April  to  June  inclusive),  the 
deaths  from  bronchitis  declined  to  23  per  centum 
in  Dublin  and  to  21  per  centum  in  London. 

The  mortality  from  "pneumonic  fever"  is 
very  differently  distributed  throughout  the  year. 
In  the  summer  quarter  more  than  1 4  per  centum 
of  the  deaths  yearly  referable  to  this  disease  are 
recorded  in  Dublin,  and  more  than  15  per 
centum  in  London.  In  the  first  quarter  the 
figures  are — Dublin,  31  per  centum ;  London, 
31  per  centum  ;  in  the  second  quarter  they  are 
— Dublin,  30  per  centum ;  London,  26  per 
centum  ;  in  the  fourth  quarter  they  are — Dublin, 
24  per  centum ;  London,  28  per  centum. 

From  these  numerical  results  it  therefore 
appears  that  the  fatality  and  (indirectly)  the 
prevalence  of  pneumonic  fever  from  season  to 
season  do  not  correspond  with  the  seasonal  prev- 
alence and  fatality  of  bronchitis.  The  latter 
disease — be  it  of  primary  or  secondary  origin — 
increases  and  kills  in  direct  relation  to  the 
setting  in  of  cold  weather,  with  excessive  relative 
humidity  and  increased  and  frequent  precipita- 
tion in  the  form  of  rain,  snow  or  sleet,  and 
hail.  It  subsides  in  prevalence  and  fatality 
with  the  advance  of  spring  and  the  advent  of 
summer. 

Pneumonic  fever,  on  the  other  hand,  increases 
less  quickly  in  winter,  and  remains  more  prev- 
alent and  fatal  in  spring  and  summer  than 
bronchitis  ;  its  maximal  incidence  coincides  with 
the  season  of  dry,  harsh  winds  and  hot  sunshine 
in  spring,  when  also  the  relative  humidity  is  low, 
precipitation  is  scanty,  while  the  diurnal  range 
of  temperature  is  extreme. 

5.  Intemperance  is  generally  credited  with  in- 


creasing the  predisposition  to  pneumonia.  It 
certainly  increases  the  risk  to  life  caused  by 
this  disease.  Dr.  Hector  Mackenzie,  however, 
states  that  it  has  not  been  clearly  proved  that 
alcoholism  makes  an  individual  more  susceptible 
to  pneumonia.  There  was  a  clear  history  of 
alcoholism  in  about  8  per  cent  of  1392  cases 
treated  at  St.  Thomas's  Hospital,  and  in  9*8  per 
cent  of  the  cases  reported  on  by  the  Collective 
Investigation  Committee  of  the  British  Medical 
Association. 

6.  Occupation. — In  a  letter  to  the  Registrar- 
General  of  Births,  Deaths,  and  Marriages  in 
England,  on  the  mortality  of  males  engaged  in 
certain  occupations  in  the  three  years  1890-92, 
Dr.  John  Tatham,  M.A.,  states  that  out  of  every 
1000  deaths  among  males  aged  between  25  and 
65  years,  107  were  referred  to  "pneumonia." 
The  "comparative  mortality  figure"  for  this 
disease  varied  from  257  for  innkeepers  in  the 
industrial  districts,  251  for  general  labourers 
in  the  same  districts,  249  for  coal-heavers,  248 
for  those  employed  in  nail,  anchor,  chain,  and 
other  iron  and  steel  manufactures,  and  246  for 
hotel  servants  in  London,  to  45  for  clergymen, 
55  for  lawyers,  93  for  physicians,  surgeons,  and 
general  practitioners,  but  only  32  for  artisans, 
36  for  farmers,  and  43  for  schoolmasters.  In 
the  higher  figures  Dr.  Arthur  Newsholme  thinks 
that  the  eff"ects  of  dust  and  of  alcoholism  are 
probably  combined. 

Incubation 

Definite  references  to  the  duration  of  the  in- 
cubation period  in  pneumonic  fever  will  be  found 
at  page  41  of  a  pamphlet  on  Epidemic  Pneio- 
monia  at  Scatter,  by  T.  B.  Franklin  Eminson, 
published  by  H.  Kimpton  (London)  in  1892; 
and  in  Dr.  Parsons'  report  on  the  outbreak  in 
question,  published  in  the  supplement  to  the 
Twentieth  Annual  Report  of  the  Local  Govern- 
ment Board,  1890-91  (pages  95  et  seq.  of  the 
supplement). 

Mr.  Eminson  says:  "It  is  the  general 
opinion  that  the  incubation  period  is  very  short 
— a  few  hours  to  a  few  days — and  this  agrees 
with  the  experience  of  other  epidemics  ;  indeed, 
it  has  been  said  that  there  is  frequently  no  in- 
cubation period  properly  so  called,  the  patient 
falling  ill  verysoon  afterexposure."  Mr.  Eminson 
narrates  two  cases  in  which  the  interval  between 
exposure  to  the  cavise  of  the  disease  and  its  onset 
was  60  and  24  to  48  hours  respectively.  These 
periods,  however,  were  only  highly  probable,  by 
no  means  positively  certain.  Dr.  Parsons  says 
in  his  report :  "  The  length  of  the  period  of 
incubation  is  doubtful,  but  it  appears  to  be 
short,  from  a  few  hours  to  two  days  (assuming 
the  disease  to  have  been  contracted  at  the  time 
and  in  the  manner  locally  supposed)."  Dr.  C.  J. 
Russell  M'Lean,  in  a  paper  on  Epidemic  Pneu- 
monia at  Yeadon,  Yorkshire,  in  1894,  mentions 
three  cases  of  pneumonia,  in  which  a  wife  took 
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ill  on  the  fourth  day  of  her  husband's  illness, 
their  son-in-law  falling  sick  five  days  later ;  all 
three  cases  proved  fatal.  In  December  1899 
the  writer  met  with  a  somewhat  similar  instance 
— a  sister  falling  ill  on  the  fourth  or  fifth  day 
of  her  brother's  attack,  and  both  dying  of  epi- 
demic pneumonia. 

The  following  instructive  series  of  cases  was 
reported  in  Lyon  medical,  April  28,  1889: — A 
shopkeeper's  child  was  convalescing  from  pneu- 
monia when  a  servant  boy  developed  the  disease. 
He  was  removed  to  hospital,  another  boy  taking 
his  place,  wearing  the  same  suit  of  livery  and 
sleeping  in  the  same  bed  as  his  predecessor. 
Two  days  afterwards  he  sickened  with  pneu- 
monia. A  third  boy  was  now  engaged.  He 
slept  for  two  nights  with  the  second  boy,  and 
thirty  hours  later  fell  ill  of  acute  pneumonia. 

It  is  interesting  to  observe  that  the  life-history 
of  the  Diplococcus  pneumonia;  of  Fraenkel  would 
almost  preclude  an  incubation  stage  of  more 
than  five  or  six  days  at  the  outside.  The 
virulence  of  this  specific  micro-organism,  at  all 
events  when  cultivated  in  solid  media,  is  spent 
at  the  end  of  seven  days,  curiously  enough  the 
very  period  within  which  acute  pneumonia  is 
limited  by  its  sharp  and  critical  termination. 

Clinical  Features 

In  a  large  number  of  cases  the  prodromata 
and  early  symptoms  of  pneumonia  differ  in  no 
way  from  those  of  any  other  infective  fever. 
They  are  referable  to  the  nervous  system  rather 
than  to  the  lungs,  and  so  betoken  a  general  or 
constitutional  poisoning  as  well  as  a  mere  local 
pulmonary  infection. 

In  such  instances  the  actual  outburst  of 
pneumonic  fever  is  preceded  by  hours,  or  even 
days,  of  impaired  health,  signalised  by  languor, 
indigestion,  loss  of  appetite  and  constipation, 
headache  and  dull  pains  in  various  parts  of  the 
body,  alternate  chills  and  flushes  of  heat,  to- 
gether with  a  general  disinclination  to  work  or 
amusement.  To  convey  an  idea  of  this  vague 
departure  from  health  the  expressive  though 
clumsy  word  "  all-overishness  "  has  been  coined, 
but  the  state  is  better  described  by  the  more 
subtle  French  term  "  malaise."  Andral  relates 
a  case  in  which  the  general  symptoms  of  head- 
ache, debility,  dulness  of  the  intellectual  faculties, 
flushed  face,  injected  eyes,  and  frequent  pulse 
appeared  at  least  six  days  before  the  physical 
signs  of  pneumonia  could  be  detected. 

Not  infrequently  the  onset  of  the  disease  may 
be  stormy  in  its  suddenness  and  impetuosity. 
A  violent  shivering  fit,  a  racking  headache 
and  delirium,  nausea  and  vomiting,  a  thickly 
coated  tongue  and  foul  breath,  may,  in  such  a 
case,  suggest  an  attack  of  epidemic  meningitis, 
or  typhus,  or  acute  gastritis,  or  enteric  fever. 
All  at  once  physical  signs  of  a  rapidly  advancing 
consolidation  of  the  lung — probably  of  the  right 
apex — declare  themselves,  the  general  state  of 


the  patient  simultaneously  improves,  and  the 
attack  may  henceforth  run  a  normal  course. 

But  in  more  typical  instances  pneumonia  is 
ushered  in  with  sharp  lancinating  chest-pain, 
quickened,  shallow  breathing,  cough,  which  is 
either  constant  or  paroxysmal,  hard  and  dry, 
as  well  as  suppressed  because  of  the  pain  it 
causes.  This  pain,  when  acute,  is  certainly 
often  due  to  pleuritis,  but  when  dull  it  may 
also  indicate  intense  hypersemia  of  the  portion 
of  lung  which  is  the  destined  battlefield  of  the 
attack.  Its  usual  situation  is  a  limited  area 
(which  is  also  tender  on  pressure)  near  either 
nipple,  but  sometimes  it  is  felt  in  the  side 
(infra-axillary  region),  or  in  either  hypochon- 
drium,  or  even  in  the  abdomen.  In  the  last- 
named  case  it  is  very  misleading,  suggesting  a 
gastric  hepatitis  or  intestinal  lesion  rather  than 
a  lung  attack.  After  a  couple  of  days  the  pain 
subsides  or  disappears,  as  the  movements  of  the 
affected  lung  gradually  lessen,  owing  to  con- 
solidation due  to  coagulation  of  the  exudation 
in  the  air  cells. 

Within  the  first  few  hours  of  the  attack  a 
very  perceptible  diff'erence  of  movement  on  the 
affected  and  sound  sides  of  the  chest  may  be 
observed.  The  expansion  lessens — it  may  be 
to  vanishing  point — on  the  affected  side,  whereas 
it  increases  considerably  on  the  other,  the  sound 
lung  working  more  and  more  energetically  in 
response  to  the  strain  put  upon  it  through  the 
maiming  of  its  fellow. 

Many  cases  of  acute  pneumonia  begin  with  a 
shivering  tit  or  chills,  which  imply  that  toxins 
have  already  reached  the  central  nervous  system 
by  absorption  from  microbic  growth  in  the 
pulmonary  air  cells.  The  more  intense  this 
initial  rigor  the  more  deadly  the  poisoning. 
A  sense  of  profound  depression  is  apt  to  follow 
the  shivering  fit,  or  other  nervous  symptoms, 
such  as  headache,  delirium,  in  children  even 
convulsions  or  vomiting,  with  constipation  or 
diarrhoea,  quickly  declare  themselves.  Another 
nerve  symptom  is  the  development  of  crops  of 
herpes  on  or  near  the  lips,  the  nostrils,  the 
cheeks,  the  chin,  or  the  jaws — this  herpes  labialis 
or  faciei  consists  of  groups  of  vesicles  on  a  more 
or  less  hypersemic  base.  The  contents  of  the 
vesicles  are  at  first  serous,  but  may  become 
purulent.  They  afterwards  dry  up  and  crust 
or  scab,  and  the  scabs  finally  fall  off  without 
leaving  a  scar.  The  development  of  herpes  is 
usually  looked  upon  as  a  favourable  sign.  It 
occurs  in  about  two-thirds  of  the  cases  of  acute 
pneumonia,  but  its  apparent  diagnostic  value 
is  minimised  by  its  common  appearance  in 
simple  fevers  and  ordinary  catarrhal  attacks. 
Geissler  has  estimated  the  mortality  in  herpetic 
cases  at  9 '3  per  cent,  in  non-herpetic  cases  at 
29"3  per  cent. 

The  aspect  of  a  patient  in  the  early  stage  of 
pneumonia  is  flushed  and  feverish,  often  anxious. 
A  deep  hectic  blush  settles  upon  one  or  other 
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cheek — the  "malar  flush."  The  skin  is  dry 
and  hot,  almost  burning  the  observer's  hand 
with  its  pungent  heat.  This  is  the  so-called 
calor  mordax,  common  to  pneumonia  and 
scarlatina  (Addison)  and  the  hot  stage  of  in- 
termittent fever.    According  to  Wunderlich,  of 


for  the  heat  lost  by  conduction.  The  relaxed 
or  dilated  state  of  the  arterioles  in  pneumonia 
may  also  be  a  cause  of  calor  mordax. 

After  an  initial  rigor  or  rigors,  the  thermo- 
meter rises  briskly  and  in  a  few  hours  to 
102°  or  upwards.    It  continues  to  rise  until  it 


Leipzig,  this  pungent  heat  of  skin  belongs  to 
those  febrile  diseases  in  which  the  high  tem- 
perature depends  chiefly  upon  increased  pro- 
duction of  heat,  and  in  which  the  hand  of  the 
observer  is  therefore  less  able  to  place  itself  in 
equilibrium  with  the  temperature  of  the  patient's 
skin,  because  the  continual  over-production  of 
body-heat  (exalted  thermogenesis)  compensates 


reaches  104°  F.,  or  in  severe  cases  105"8°  or 
more.  For  some  days  temperature  hovers  near 
these  figures,  according  to  the  intensity  of  the 
case,  showing,  it  may  be,  daily  fluctuations  of 
one  or  two  degrees,  the  remissions  occurring 
usually  in  the  morning,  the  exacerbations  in 
the  afternoon  or  at  night.  Often  a  sudden  and 
final  rise  of  temperature  to  a  fastigium  immedi- 
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ately  precedes  the  abrupt  and  critical  defer- 
vescence so  characteristic  of  pneumonic  fever, 
and  which  may  happen  at  any  time  between 
the  fifth  and  eighth  days  of  the  attack.  In 
other  instances  the  fastigium  is  reached  early, 
and  a  daily  descent  of  temperature  precedes 
the  final  crisis.  Such  is  the  continuous  or  sub- 
continuous  type  of  pneumonic  fever. 

But  other  types  present  themselves,  particu- 
larly in  children,  whilst  the  temperature  chart 
is  remittent  or  relapsing  in  character — a  peculi- 
arity very  suggestive  of  a  lobular  rather  than 
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Chart  2. — Acute  pneumonia  terminating  by  crisis.   Patient,  a  male  aged  18. 

a  lobar  pneumonia,  or  of  what  has  been  well 
called  a  pneumonia  migra7is,  wandering  pneu- 
monia, which,  erysipelas-like,  invades  region 
after  region  of  the  pulmonary  parenchyma. 
In  this  form  of  the  malady  affected  portions 
of  lung  clear  up  or  resolve  with  marvellous 
rapidity,  while  other  portions  are  passing  into 
the  earlier  stages  of  hypersemia,  congestion,  or 
consolidation,  as  the  case  may  be.  It  is  possible 
in  such  a  case  to  study  the  physical  signs  of 
each  and  every  stage  of  an  acute  pneumonia 
at  once. 

Very  early  in  the  attack  the  rate  of  breathing 
becomes  quick,  shallow,  and  laboured  (dyspnoea). 


The  respirations  number  40  to  48,  or  even  60 
or  upwards,  per  minute,  and  this  too  when  the 
pulse-rate  may  not  exceed  120.  The  normal 
ratio  of  one  act  of  respiration  to  four  beats  of 
the  pulse  is  therefore  lost  in  pneumonia,  and 
so  commonly  as  to  constitute  an  important 
diagnostic  sign  of  the  disease.  The  difficulty 
of  breathing  is  ever  and  anon  increased  by  a 
short  hacking  cough,  which  the  patient  strives, 
though  often  in  vain,  to  suppress  because  of 
the  torture  it  causes  by  shaking  the  affected 
side,  or  by  putting  the  affected  lung  and  pleura 
on  the  stretch.  At  first  the 
cough  is  dry,  or  unattended 
by  expectoration.  But,  in 
most  cases,  sputa  soon  begin 
to  come  up,  often  with  much 
difficulty  and  suffering.  These 
sputa  may  be  simply  bronchitic 
in  character,  colourless,  frothy, 
liquid,  and  consisting  of  mucus, 
epithelium,  and  young  cells. 
Occasionally  they  at  first  con- 
sist almost  entirely  of  pure 
blood.  There  is  a  true  hsemop- 
tysis. 

Usually,  however,  there  is 
no  mistaking  the  expectoration 
of  acute  lobar  pneumonia.  It 
is  rust-coloured,  semi-clear  or 
transparent,  and  so  viscid  as 
to  cling  to  the  bottom  of  the 
spitting-cup  even  when  it  is 
turned  upside  down.  Ex- 
amined microscopically  this 
very  characteristic  sputum  is 
found  to  consist  of  a  network 
or  mesh  of  coagulated  fibrinous 
exudation,  in  which  are  en- 
tangled red  blood  corpuscles, 
giving  it  the  rusty  colour, 
altered  epithelium  from  the 
air  vessels  and  bronchioles, 
and  many  leucocytes.  Such 
are  the  histological  elements 
in  the  sputum  of  acute  pneu- 
monia of  the  croupous  or  fib- 
rinous form.  Occasionally  the 
colour  of  the  expectoration  is 
greenish  yellow  instead  of  rusty.  This  is  the 
so-called  "greengage"  sputum,  because  of  its 
resemblance  to  the  well-known  preserve. 

In  certain  unfavourable  cases  the  sputa  are 
thin  and  watery  in  consistence,  dark-coloured, 
and  offensive,  resembling  liquorice  juice  or 
prune  juice.  This  is  a  bad  sign.  So  also  is  a 
complete  absence  of  expectoration,  which  may 
result  from  palsy  of  the  bronchi  and  retention, 
or  from  the  so-called  "  massive  pneumonia,"  in 
which  lung-cells  and  bronchioles  alike  are 
plugged  with  firm  fibrinous  coagula,  which  no 
effort  of  coughing  is  able  to  dislodge. 

Coincidently  with  the  beginning  of  the  stage 
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expectoration  undergoes  a  [  lung  is  the  special  seat  of  the  disease,  or  if 
It  loses  its  sticky,  viscid  I  the  patient   has  been   intemperate.     In  the 


of  resolution  the 
complete  change, 
character,  and  its 
rusty  colour  gives 
place  to  yellow 
and  finally  white. 
It  is  coughed  up 
more  easily  and 
in  abundance. 
While  yellow  it 
is  airless,  sinks  in 
water,  and  forms 
rounded,  coin-like 
masses,  whence  it 
is  called  "num- 
mular" (Lat.  num- 
mus,  a  coin). 
Finally,  it  be- 
comes less  and 
less  purulent,  and 
more  frothy  and 
mucoid.  These 
changes  are  an 
outward  sign  of 
those  which  are 
taking  place  in 
the  affected  por- 
tion of  lung.  The 
fibrinous  exuda- 
tion has  under- 
gone fatty  de- 
generation, has 
become  emulsi- 
fied, and  is  being 
in  part  absorbed, 
in  part  coughed 
up.  Under  the 
microscope  the 
sputum  in  this 
stage  is  seen  to 
consist  of  disinte- 
grated young 
cells,  fat  granules, 
pigment,  and 
fragments  of  fib- 
rinous casts  of  the 
alveoli  and  ter- 
minal bronchi- 
oles. 

In  a  final  stage 
the  sputum  be- 
comes a  mere 
frothy  mucus, 
such  as  is  spit  up 
in  an  ordinary 
bronchial  catarrh. 

During,  and 
sometimes  after 
the  conclusion 
of,   the  pyrexial 

period,  nervous  symptoms,  such  as  sleepless-  ,  latter  case  an  acute  attack  of  delirium  tremens 
ness,  delirium,  and  wandering  may  present  '  may  supervene.  A  certain  amount  of  rambling 
themselves,   particularly  if   the  apex  of  the  !  of  mind  at  night  is  common,  but  the  appear- 
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ance  of  such  a  symptom  by  day  is  of  the  utmost 
import,  and  often  foretells  a  fatal  issue.  On 
the  whole  there  is  less  tendency  in  acute  pneu- 
monia to  cerebral  symptoms  than  in  typhus 
or  some  of  the  other  acute  infections ;  the 
decided  localisation  of  the  poison  in  the  lungs 
apparently  relieves  the  nervous  system,  which 
often  suffers  severely  when  such  a  localisation 
does  not  take  place  or  is  of  feeble  intensity. 

In  a  large  number  of  cases  pneumonia  ends 
as  suddenly  as  it  began,  so  far  at  least  as  the 
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Chart  4. — Crisis  in  pneumonia  on  5th  day.  Patient, 
a  woman  aged  22. 


constitutional  symptoms  are  concerned.  The 
storm  and  stress  of  a  tempestuous  fever  give 
place  to  the  calm  and  comfort  of  returning 
health.  So  periodic  and  rapid  is  the  defer- 
vescence, that  of  the  pneumonic  patient  it  may 
often  be  said  that  "  at  such  an  hour  the  fever 
left  him."  The  physical  signs,  however,  persist 
for  a  longer  or  shorter  time  after  crisis,  for  the 
clearing  or  "  resolution "  of  a  consolidated  lung 
or  pulmonary  lobe  takes  time.  The  fibrinous 
exudation  undergoes  a  fatty  degeneration,  and 
at  the  same  time  liquefies.  The  resulting  al- 
buminous and  fatty  emulsion  is  then  partly 
absorbed,  partly  expectorated. 


Two  notable  departures  from  the  cyclic  course 
of  pneumonia  just  described  now  and  then  pre- 
sent themselves.  In  a  certain  though  small 
proportion  of  cases,  after  a  threatening  onset 
and  one  or  two  days  of  moderate,  or  it  may  be 
high  fever,  a  sudden  change  for  the  better  takes 
place,  with  a  brisk  fall  of  temperature,  a  moist 
perspiring  skin,  and  a  critical  sleep.  The  attack 
has  aborted.  It  is  an  example  of  masked  or 
larval  pneumonia.  Professor  Osier,  of  Balti- 
more, thus  describes  it :  "A  patient  may  have 
the  initial  symptoms  of  the  disease,  a  slight 
chill,  moderate  fever,  a  few  indefinite  local 
signs,  and  herpes.  The  whole  process  may  last 
for  only  two  or  three  days ;  some  authors  recog- 
nise even  a  one-day  pneumonia."  In  arriving 
at  a  diagnosis  in  such  a  case,  the  epidemic 
prevalence  of  the  disease  at  the  time,  and  the 
occurrence  of  imdoubted  pneumonia  in  the  same 
house  or  family,  should  be  taken  into  account. 

To  this  mild  and  transitory  form  of  the 
disease  the  phrase  ephemeral  pneumonia  also 
has  been  applied. 

The  following  example  of  masked  or  larval 
pneiunonia  recently  came  under  the  writer's 
notice : — 

StafF-Sister  Louisa  C,  aged  28  years,  on  duty 
at  the  Meath  Hospital,  Dublin,  felt  out  of  sorts 
and  suffered  from  a  cold  with  shortness  of 
breath  during  the  early  days  of  March  1901. 
On  Sunday,  March  10,  she  became  so  poorly 
that  she  went  to  bed  at  4  p.m.  She  complained 
of  headache,  malaise,  shortness  of  breath,  and 
a  catch  in  her  breathing.  Next  day  she  felt 
better,  and  so  continued  until  Wednesday, 
March  13,  on  the  morning  of  which  day  she 
awoke  with  headache,  which  got  gradually  worse 
until  midday.  At  that  hour  (12  o'clock  noon) 
she  felt  faint  and  had  a  severe  rigor.  The 
headache  now  became  violent,  and  she  suffered 
from  increasing  dyspnoea,  so  that  she  had  to  go 
to  bed.  Her  temperature  was  now  found  to  be 
103°  F.  Next  morning  her  aspect  was  typhus-like 
in  the  extreme — eyes  suffused,  pupils  contracted, 
face  dusky,  eyelids  heavy  and  drooping.  P. 
116,  R.  22,  T.  103°.  Physical  examination 
suggested  a  commencing  right  basic  pneumonia. 
Towards  evening  the  temperature  fell  to  99 "4°, 
nor  did  it  rise  again,  as  the  chart  shows.  The 
physical  signs  during  the  next  few  days  were  — 
a  shade  of  dulness  over  the  right  base  in  suc- 
cession to  a  remarkably  clear  percxission  note  ; 
also  increased  vocal  resonance,  resembling  pec- 
toriloquy rather  than  bronchophony,  and  some 
crepitation  (subcrepitus).  The  breathing  was 
puerile  over  the  left  side.  On  Saturday,  March 
16,  a  patch  of  herpes  labialis  was  observed  near 
the  left  corner  of  the  mouth. 

In  contrast  to  this — to  quote  Ernst  Ziegler — 
it  may  happen  that  "during  the  course  of  an 
attack  of  pneumonia  inflammation  makes  its 
appearance  in  other  organs,  such  as  the  peri- 
cardium, meninges,  and  mediastinal  tissue,  the 
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mucosa  and  submucosa  of  the  pharynx,  soft 
palate,  and  nasal  cavities,  the  conjunctiva, 
kidneys,  etc.,  in  which  case  the  affected  struc- 
ture can  be  shown  to  contain  micrococci."  Such 
is  complicated  pneumonia — a  condition  which 
prolongs  the  fever  movement,  increases  the  risk 
to  life,  and  may  entirely  upset  the  cyclic  course 
of  the  disease. 

In  a  paper  on  "Atypical  Forms  of  Pneumonia," 
Dr.  E.  Palier  describes  a  case  of  what  he  calls 
"  Gastric  Pneumonia,"  in  which  the  symptoms 
closely  resembled  those  of  appendicitis.  Abdom- 
inal section  was  performed  by 
a  consulting  surgeon  under  the 
belief  that  disease  of  the  ap- 
pendix would  be  found.  This, 
however,  proved  to  be  an  error, 
and  a  post-mortem  examina- 
tion disclosed  pneumonia  associ- 
ated with  an  empyema.  Palier 
believes  that  abdominal  symp- 
toms in  these  cases  of  "  gastric 
pneumonia  "  are  to  be  ascribed 
to  disturbance  of  the  pneumo- 
gastric  centre  through  the 
altered  respiratory  interchange. 
The  abdominal  pain  is,  in  his 
opinion,  analogous  to  the  pain 
felt  in  the  knee  in  hip-joint 
disease. 

In  March  1901,  when  epi- 
demic pneumonia  was  rife  in 
and  near   Dublin,  the  writer 
was  called  to  see  in  consulta- 
tion an  anaemic  girl,  who  for  a 
week  previously  had  been  suf- 
fering from  symptoms  of  acute 
gastritis,  vomiting,  pain  and 
tenderness  in   the  left  hypo- 
chondrium,  and  diarrhoea.  At 
first  her  tongue  had  been  thickly 
coated  with  a  loose  white  fur, 
but  at  the  time  of  the  consul- 
tation this  had  been  shed  and 
the  tongue  was  red  and  raw. 
A  few  hours  before  the  patient 
had  got  out  of  bed,  when  a 
sudden  faintness  came  on.  This 
was  followed  by  a  rigor,  and 
her  temperature  rose  rapidly  to  105-2°  with 
a  small  thready  pulse  of  140.     Physical  ex- 
amination revealed  dulness  over  the  base  of 
the  left  lung,  subcrepitus  and  tubular  breath- 
ing intermixed,  bronchophony,  and,  in  front, 
some  pleural  friction.    In  three  days  she  was 
dead,  the  fatal  issue  being  brought  about  by 
exhaustion  induced  by  incessant  vomiting,  tachy- 
cardia, and  extreme  feebleness  of  the  heart's 
action.    In  this  case  one  had  to  choose  between 
an  acute  pneumonia  with  such  severe  gastric 
symptoms  as  to  mask  that  disease  in  its  early 
stages,  or  a  perforating  gastric  ulcer  leading 
to  a  left  basic  pleuropneumonia.  Unfortunately 


a  post-mortem  examination  could  not  be  ob- 
tained, but  in  favour  of  the  latter  diagnosis 
were  the  patient's  age  and  sex,  her  anaemic 
state,  and  history  of  indigestion,  and  the  sudden 
supervention  of  urgent  gastric  symptoms  prior 
to  the  pneumonic  rise  of  temperature  and  the 
development  of  the  physical  signs  of  an  acute 
pleuropneumonia. 

Had  this  patient  been  a  child,  a  diagnosis  of 
the  "gastric  pneumonia"  described  in  1880  by 
Adolf  Baginsky,  of  Tiibingen,  might  well  have 
been   made.     In   this   form  gastro-intestinal 
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Chart  5. — Protracted  crisis  in  acute  pneumonia. 

symptoms  play  a  prominent  part,  while  lung 
symptoms  and  signs  do  not  obtrude  themselves 
until  just  before  crisis.  Such  cases  may  begin 
with  vomiting,  and  diarrhoea  is  a  conspicuous 
symptom. 

At  the  extremes  of  life  also  acute  pneumonia 
shows  striking  atypical  peculiarities  which  call 
for  notice. 

Pneumonia  in  Childhood. — Apart  from  the 
fact  that  in  very  young  children  the  exudation 
into  the  air  vesicles  is  catarrhal  rather  than 
fibrinous,  or  croupous,  in  a  large  majority  of 
cases,  the  clinical  features  of  the  disease  are 
also  often  atypical.    Gerhard,  of  Philadelphia, 
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long  ago  pointed  out  that  broncho-pneumonia, 
or  catarrhal    pneumonia,    was    the    form  of 


pulmonary  inflammation  which  chiefly  occurred 
in  children  under  five  years  of  age,  whereas 
lobar  or  fibrinous  pneumonia  was  much  more 


common  in  children  aged  between  five  and 
fifteen  years.  Among  98  cases  of  catarrhal 
pneumonia,  von  Ziems- 
sen  reports  67  as  hav- 
ing occurred  before  the 
third  year ;  Steffen  52 
in  72  cases  during  the 
same  period.  "All  ob- 
servations agree,"  writes 
Jiirgensen,  "  that  the 
first  three  years  of  life 
g  are  those  which  are  most 
a  often  attacked  by  catar- 
§  rhal  pneumonia."  Ac- 
I  cording  to  Osier,  lobar 
o  pneumonia  has  been  met 
£  with  in  the  new-born, 
£  but  he  quotes  Holt  to 
>,  show  that  of  270  cases 
^  of  pneumonia  in  children 
S,  under  five  years  of  age, 
r  75  per  cent  were  bron- 
g  cho  -  pneumonia.  Not- 
'I  withstanding  this  pre- 
ponderance  of  a  catar- 
■|  rhal  exudation  in  the 
g  pneumonia  of  childhood, 
^  it  is  certain  that  the 

0  Diplococcus  pneumoniae 
%  of  Fraenkel  plays  a  part 
"  which  is  second  to  none 
.2  in  the  etiology  of  in- 
%  fantile  pneumonia. 
S  The  atypical  symp- 
»  toms    and    course  of 

1  pneumonic  fever  in 
3  childhood  add  greatly 
^  to  the  difficulty  of  diag- 
■c  nosis.  "  Even  a  phys- 
a  ician  of  limited  experi- 

2  ence,"  wrote  Jiirgensen 
c  in  1875,  "can  easily- 
^  recognise  pneumonia  in 
~  adults,  but  in  young 
>.  children  this  is  by  no 
«  means  an  easy  matter. 
t:  Everyone  who  has  seen 
>■  the  mistakes  of  his  assist- 
co"  ants  in  the  practice  of 
I  a  large  polyclinic  will 
s   confirm  this  statement. 

Many  children  who  are 
reported  to  have  died 
from  'teething, "worms,' 
'convulsions,'  etc.,  have 
really  gone  to  their 
graves  with  an  undiag- 
nosticated  pneumonia." 

Temperature  usually 
runs  especially  high  in 
patients  under  puberty — a  fact  which  depends 
chiefly  on  the  undeveloped  mechanism  of 
thermotaxis,  or  body-heat  control,  at  tender 
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ages,  but  also  on  the  greater  frequency  of  apical 
pneumonia  in  very  young  subjects.  Probably 
the  occasional  appearance  of  an  erythematous 
blush  upon  the  skin,  simulating  scarlatina,  is 
due  to  paresis  of  the  vaso-motor  nerves.  When 
a  rigor,  or  more  likely  a  convulsion,  with 
vomiting,  diarrhoea,  redness  of  the  fauces, 
and  an  erythema,  usher  in  acute  pneumonia 
in  a  child,  a  wrong  diagnosis  of  scarlatina  may 
be  made,  for  which  there  is  some  justification 
in  this  remarkable  grouping  of  symptoms. 
Cerebral  symptoms  often  mask  pneumonia  in 
childhood.  The  attack  may  be  ushered  in  by 
convulsions.  Osier  speaks  of  "  the  so-called 
cerebral  pneumonias  of  children,"  in  which  the 
disease  sets  in  with  a  convulsion,  and  there  are 
high  fever,  headache,  delirium,  great  irritability, 
muscular  tremor,  and  perhaps  retraction  of 
the  head  and  neck.  The  diagnosis  of  meningitis 
is  usually  made,  and  the  local  affection  in  the 
lung  may  be  overlooked.  Again,  from  anatomical 
considerations,  even  fibrinous  pneumonia  is  apt 
to  assume  a  lobular  character.  So  vascular  is 
the  pulmonary  parenchyma  in  childhood,  and  so 
fine  and  delicate  are  the  connective  tissue 
elements,  that  the  spread  of  a  pneumonia 
through  contiguous  lobules  and  even  across  the 
interlobar  septa  is  an  easy  matter. 

In  children  the  adjacent  serous  membranes 
— pleura,  pericardium,  and  endocardium — are 
very  prone  to  infection  by  the  Diplococcics  pneu- 
monice  and  other  pneumonic  micro-organisms. 
In  the  case  of  a  little  boy,  aged  3^  years,  recently 
under  the  writer's  care,  the  disease  almost  spent 
itself  in  producing  a  pericarditis  with  endo- 
carditis. Only  as  an  afterthought,  as  it  were, 
did  the  physical  signs  of  a  left  basic  pneumonia 
show  themselves. 

A  difficulty  may  arise  in  another  way  also 
from  the  circumstance  that  pleurisy  with 
effusion  may  in  very  early  life  closely  simulate 
pneumonia,  not  only  in  its  fulminant  clinical 
course  with  fever,  cough,  and  dyspnoea,  but  also 
in  its  physical  signs.  Even  in  adult  cases  the 
blocking  of  a  system  of  bronchial  tubes  by 
plastic  exudation  may  interfere  with  the  develop- 
ment of  the  classical  signs  of  pneumonic  con- 
solidation —  bronchophony,  tubular  breathing, 
and  increased  vocal  fremitus.  In  such  a  case 
the  dulness  on  percussion  and  absence  of  breath 
sounds — natural  or  adventitious — may  be  attrib- 
uted to  a  pleural  effusion  rather  than  to  a 
pulmonary  consolidation. 

Young  children  expectorate  indeed,  but  do 
not  spit  out — the  expectoration  is  commonly 
swallowed.  This  removes  from  our  ken  one 
easy  means  of  diagnosis  in  pneumonic  fever — 
the  inspection  of  the  rusty  viscid  sputum.  But 
it  does  more  than  this  by  contributing  to  gastro- 
enteric derangement,  the  toxin-laden  sputum 
when  swallowed  probably  acting  as  a  local 
irritant  in  the  stomach  and  intestines.  Hence 
vomiting  and  diarrhoea,  tympanites,  abdominal 
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tenderness  and  pain,  possibly  convulsions  or 
other  cerebro-spinal  symptoms. 

Keference  has  already  been  made  to  the  form 
of  acute  pneumonia  in  children  to  which 
Baginsky,  of  Tubingen,  gave  the  name  of 
"gastric  pneumonia"  in  1880. 

When  an  attack  of  vomiting  takes  place, 
characteristic  rusty  sputa  may  be  seen  in  the 
ejected  matters,  confirming  the  diagnosis  of  a 
croupous  pneumonia,  and  proving  that  the 
expectorated  phlegm  has  been  swallowed  in  the 
first  instance.  As  a  diagnostic,  E.  Henoch  lays 
stress  on  the  character  of  the  breathing,  which 
is  short,  very  rapid,  with  grunting  expiration. 

The  pneumonia  of  childhood  often  runs  a 
short  course  and  terminates  in  recovery.  Allu- 
sion has  already  been  made  to  the  remittent 
and  relapsing  character  of  the  pyrexia  in  young 
children,  a  range  of  temperature  which  suggests 
a  lobular  distribution  of  the  pulmonary  trouble. 

The  danger  to  life  from  croupous  pneumonia 
occurring  in  previously  healthy  children  is 
trifling.  Feeble  children,  however,  succumb  to 
the  disease  as  easily  as  patients  of  more  advanced 
age  (Jiirgensen).  Henoch  lost  only  7  out  of 
64  cases  in  young  children.  Out  of  201  cases 
in  children  under  16  years — the  great  majority 
being  under  10  years — von  Ziemssen  lost  only 
7  (3-3  per  cent).  At  the  Kiel  Policlinic,  Jiir- 
gensen lost  only  4  out  of  110  patients  under  10 
years  of  age.  Barthez  lost  only  2  out  of  212 
children  aged  from  2  to  15  years.  In  striking 
contrast  to  these  figures  is  the  heavy  death- 
toll  which  catarrhal  pneumonia  exacts  from  its 
subjects  of  tender  age.  Bartels  lost  all  his 
patients  under  1  year  of  age ;  after  that  period 
a  little  more  than  one-third.  Von  Ziemssen  lost 
just  one-half  of  the  children  under  1  year,  about 
38  per  cent  (17  out  of  45)  of  those  from  1  to 
3  years  old,  only  25  per  cent  (8  out  of  31)  of 
those  above  3  years  of  age. 

Pneumonia  in  Old  Age.  —  Insidious  in  its 
onset,  and  it  may  be  latent  in  its  course,  pneu- 
monia is  a  frequent  and  perilous  disease  of  ad- 
vanced life.  By  it  in  many  a  case  the  silver 
cord  is  loosed,  when  already  strained  almost  to 
breaking  point  by  the  presence  of  some  other 
and  older  malady,  such  as  carcinoma,  system 
diseases  of  the  brain  and  spinal  cord,  chronic 
nephritis,  gout,  or  other  dyscrasia.  The  weak 
and  degenerated  heart  of  old  age  cannot  battle 
against  the  added  strain  of  a  pneumonic  fever 
and  pulmonary  consolidation,  and  so  pneumonia 
is  rightly  dreaded  by  all  physicians  when  it 
supervenes  in  the  aged  and  infirm. 

In  its  clinical  features  also  the  pneumonia  of 
advanced  life  differs  from  the  typical  disease. 
Its  seat  is  the  most  dependent  parts  of  the  lungs, 
whence  perhaps  it  has  some  claim  to  the  term 
"hypostatic  pneumonia."  It  is  less  febrile,  less 
acute,  less  lobar  in  its  distribution.  The  sputum 
is  less  rusty,  more  cellular,  than  that  of  ordinary 
acute  pneumonia,  and  so  the  attack  works  its 
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treacherous  way  to  the  fatal  end.  During  the 
"age  of  decline,"  as  Jiirgensen  observes,  pneu- 
monia is  one  of  the  most  dangerous  diseases. 
The  greater  the  wear  and  tear  of  the  body  (he 
adds)  the  more  fatal  the  disease  becomes.  At 
the  Greifswald  Policlinic  in  ten  years  there  were 
941  cases  of  pneumonia  with  102  deaths  ( =  lO'B 
per  cent).  From  40  to  50  years  of  age  the 
mortality  was  9-5  per  cent,  from  50  to  60  years, 
20"0  per  cent,  from  60  to  70  years,  37'5  percent. 

If  we  inquire  more  closely  how  death  is  brought 
about  in  pneumonic  fever,  we  must  agree  with 
Jiirgensen  when  he  says  :  "  It  is  the  heart,  and 
always  the  heart,  upon  which  the  burden  is 
ultimately  thrown  "  ;  and  again  :  "  The  danger 
in  croupous  pneumonia  threatens  principally 
the  heart  of  the  patient.  Death  results  from 
insufficiency  of  the  heart."  If  this  proposition 
be  accepted  as  proved,  we  see  why  old  people  so 
readily  succumb  to  this  disease.  The  muscle 
of  their  heart  is  either  wasted  (simple  atrophy), 
or  it  is  fattily  degenerated  or  infiltrated  with 
fat,  and  so  when  the  added  strain  of  a  continued 
fever  and  of  a  sudden  extreme  impediment  in 
the  lesser  circulation  is  put  upon  it,  the  heart 
fails  and  death  results. 

Hence  the  necessity  for  daily,  even  hourly, 
observations  on  the  heart's  action  and  pulse 
during  a  pneumonia.  The  quality  of  the  pulse 
as  regards  strength  and  volume  and  tension  is 
of  more  importance  than  its  mere  frequency, 
and  this  applies  to  the  cardiac  impulse  also. 
Undue  rapidity  of  the  heart  and  pulse-beat  is 
unfavourable ;  still  more  so  is  any  irregularity 
in  volume  or  rhythm  of  the  arterial  throb,  or 
an  intermission  in  the  beat.  It  is  to  be  re- 
membered that  in  acute  pneumonia  the  normal 
ratio  between  the  pulse  and  respirations  is 
disturbed.  That  ratio  in  health  is  4  to  1, 
perhaps  more  strictly  9  to  2.  In  pneumonia 
it  may  become  only  3  to  1,  or  perhaps  only  2 
to  1.  "In  severe  cases  the  frequency  of  the 
respiration  approaches  that  of  the  pulse  ;  the 
former  may  equal,  and  even  exceed,  the  latter." 
These  are  Jurgensen's  words,  and  he  adds : 
"  Such  cases,  however,  are  very  rare,  but  I 
have  met  with  them,  especially  when  the 
arteries  were  in  a  high  degree  atheromatous." 

This  disproportion  between  the  pulse -rate 
and  the  respiration  is  diagnostic  of  pneumonia, 
for  it  fails  to  present  itself  in  any  other  febrile 
disease  except,  perhaps,  cerebro-spinal  meningitis 
in  its  earlier  stage. 

Physical  Signs 
In  1896  Dr.  Richard  H.  Kennan  drew  atten- 
tion to  the  myotatic  irritability  of  the  pectoral 
muscles  observed  in  acute  croupous  pneumonia, 
and  expressed  the  opinion  that  the  condition 
was  a  valuable  early  diagnostic  sign  of  the 
disease — the  more  so  as  the  myoidema  is  con- 
fined to  the  affected  side.  The  writer  has  had 
many  opportunities  of  confirming  Dr.  Kennan's 


observation,  and  can  testify  to  the  value  of  the 
sign.  To  elicit  the  sign  Dr.  Kennan  recom- 
mends that  a  finger  of  the  left  hand  should  be 
placed  flat  upon  the  chest  in  the  direction  of 
the  course  of  the  fibres  of  the  pectoralis  major. 
The  pleximeter  thus  formed  should  be  sharply 
percussed  by  the  middle  finger  of  the  right  hand, 
used  as  a  plessor,  when  a  rapid  contraction  im- 
mediately succeeding  will  be  felt  in  the  muscle 
under  the  finger  of  the  left  hand.  Dr.  Kennan 
claims  for  this  sign  that  it  may  precede  the 
earliest  inspiratory  crepitations  of  pneumonia. 

It  will  be  convenient  to  analyse  the  physical 
signs  which  show  themselves  in  the  several 
stages  through  which  the  disease  usually  passes, 
namely — the  stage  of  fluxion,  or  the  preliminary 
stage  described  by  William  Stokes,  the  stage  of 
engorgement  or  congestion  {engouement  of  French 
writers),  the  stage  of  fibrinous  exudation,  or  of 
red  hepatisation  or  consolidation,  and  the  stage 
of  grey  or  yellow  hepatisation  or  of  resolution. 

1.  Preliminary  Stage  of  Stokes. — The  affected 
side  shows  lessened  expansion  and  myotatic 
irritability.  The  percussion  note  is  hyper- 
resonant,  or  tympanitic,  from  relaxation  of  the 
lung  tissue ;  or  there  may  be  a  commencing 
dulness  in  patches.  The  breath  sounds  are 
harsh  and  rough,  and  there  is  already  some 
increase  in  vocal  resonance. 

2.  Stage  of  Engorgement. — There  is  lessened 
expansion.  On  palpation  vocal  fremitus  is 
increased.  The  percussion  note  is  abnormally 
clear,  or  even  tympanitic  in  places,  deficient 
in  resonance  in  other  places.  The  vesicular 
murmur  is  harsh,  but  at  the  same  time  weak. 
Towards  the  end  of  inspiration  a  fine  crepitation 
is  heard  over  the  affected  lobe.  This  is  the  rdle 
crepitant  of  Laennec,  to  whom  we  owe  so  much 
of  the  nomenclature  of  diseases  of  the  chest. 
Laennec  compared  this  fine  crepitus  to  the 
crackling  of  salt  thrown  upon  a  fire,  but  Dr. 
C.  J.  B.  Williams  made  a  more  apt  comparison 
when  he  likened  it  to  the  sound  produced  by 
rubbing  one's  own  hair  close  to  the  ear  between 
the  fingers.  Dr.  Octavius  Sturges  imitated  the 
crepitus  of  early  pneumonia  by  the  following 
manoeuvre :  A  fine  sponge,  dipped  into  a  weak 
solution  of  gum,  is  lightly  compressed  within 
the  hand ;  upon  the  gradual  relaxation  of  the 
pressure  a  crepitus  ensues,  which  will  be  more 
or  less  fine  with  the  degree  of  dilution  of  the 
gum  solution. 

These  comparisons  are  but  of  little  value. 
The  sound  is  one  s^d  generis,  once  heard  never 
to  be  forgotten — it  is  pneumonic  crepitation. 

3.  Red  Hepatisation.  —  In  this  stage  the 
affected  side  may  be  slightly  enlarged,  especi- 
ally in  young  patients,  whose  chest  walls  will 
more  readily  yield  to  pressure  than  the  "  rigid 
thorax  "  (Freund)  of  old  age.  Expansion  is  now 
markedly  lessened.  Tactile  or  vocal  fremitus 
is  equally  increased,  provided  always  that  the 
bronchi  communicating  with  the  solidified  part 
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of  the  lung  are  not  blocked,  or  that  a  pleural 
effusion  is  not  already  taking  place.  Dulness 
on  percussion  is  now  elicited  over  the  solidified 
lung,  but  the  note  is  not  flat  or  absolutely  dull, 
as  in  pleural  effusion,  but  hollow,  tubular,  or 
perhaps  slightly  amphoric  or  metallic.  Just 
before  consolidation  takes  place  the  cracked-pot 
percussion  sound  {bruit  de  pot  fele  of  Laennec) 
may  be  present. 

Associated  with  dulness  on  percussion,  a 
sensation  of  increased  resistance  is  conveyed 
to  the  observer's  hand  when  the  chest  wall  is 
struck  over  the  solid  lung.  The  air-containing 
vesicles  of  the  healthy  lung  rebound  to  the 
percussion  blow,  the  blocked-up  vesicles  of  the 
consolidated  lung  do  not — hence  the  feeling  of 
resistance,  which  is  in  proportion  to  the  dulness 
on  percussion. 

Fine  crepitation  is  still  heard  along  the  con- 
fines of  the  consolidated  area,  but  for  the  most 
part  the  breath  sounds  now  are  bronchial  or 
tubular  —  blowing,  whiffing,  or  it  may  be 
metallic  in  character,  unless  the  tubes  are 
blocked.  Vocal  resonance  is  increased,  assum- 
ing one  or  other  of  the  characters  described  as 
pectoriloquy  (laryngeal  or  tracheal),  broncho- 
phony (bronchial),  or  ajgophony  (bleating 
bronchophony).  The  last-named  variety  indi- 
cates interference  with  the  transmission  of  the 
vocal  vibrations  by  the  presence  of  fluid  in  the 
pleura.  For  two  reasons  the  heart  sounds  are 
intensified  over  the  area  of  solidified  lung :  first, 
the  absence  of  the  normal  vesicular  breathing- 
throws  them  into  relief ;  secondly,  the  solid 
lung  acts  as  a  conductor. 

4.  Resolution. — In  this  final  stage  the  dulness 
on  percussion  may  subside  in  patches,  or  gener- 
ally, and  in  a  such  a  case  with  singular  rapidity. 
At  the  same  time  a  new  crepitation  is  heard, 
particularly  when  the  patient  draws  a  deep 
breath.  It  is  not  so  fine  as  the  viscid  crepitus 
of  the  earlier  stage,  and  may  be  described  as 
subcrepitant  or  medium — -that  is  to  say,  the 
rales  occupy  an  intermediate  position  between 
fine  crepitus  and  coarse  or  mucous  rale.  This 
subcrepitus  indicates  the  reopening  of  the  air 
vesicles  and  the  readmission  of  air,  once  the 
altered  and  emulsified  exudation  has  been  ex- 
pectorated or  absorbed.  The  expansile  move- 
ments of  the  affected  side  of  the  chest  gradually 
increase.  At  first  they  are  voluntarily  limited 
by  the  patient  (vital  ankylosis),  because  the 
freer  movements  put  on  the  stretch  any  pleural 
adhesions  which  may  have  formed  and  so  cause 
pain.  Indeed,  both  after  pleurisy  and  after 
pneumonia  a  temporary  increase  of  that  pain 
which  is  so  well  described  as  a  "stitch  in  the 
side  "  is  commonly  observed  as  a  result  of  the 
freer  expansion  of  the  chest  wall. 

Complications 
"During  the  course  of  an  attack  of  pneu- 
monia," writes  Ernst   Ziegler,  "  inflammation 


makes  its  appearance  in  other  organs,  such  as 
the  pericardium,  meninges,  and  mediastinal 
tissue,  the  mucosa  and  sub-mucosa  of  tlie 
pharynx,  soft  palate  and  nasal  cavities,  the 
conjunctiva,  kidneys,  etc.,  in  which  case  tlie 
affected  structures  can  be  shown  to  contain 
micrococci."  In  this  sentence  we  have  primary 
infections  by  the  Diplococms  pneumonice  indi- 
cated as  a  cause  of  complications.  But  there 
may  be  numerous  secondary  infections  also  by 
other  pathogenic  micro-organisms  than  those 
peculiar  to  pneumonia ;  and,  in  the  third  place, 
the  marked  leucocytosis  in  pneumonia,  and 
other  blood  alterations,  may  give  rise  to  com- 
plications. The  white  blood  corpuscles  increase 
from  10,000  to  19,000  or  more  per  cubic  milli- 
metre ;  as  many  as  68,000  have  been  found. 
The  increase  is  generally  in  the  polymorpho- 
nuclear cells  (Stengel).  Fibrin  is  increased 
from  4  to  10  parts  per  1000,  so  that  a  condition 
of  marked  hyperinosis  exists. 

One  of  the  most  frequent  complications  of 
acute  pneumonia  is  pleuritis.  In  most  cases 
the  pleura  is  more  or  less  involved  in  the  morbid 
changes,  so  that  the  name  pleuropmeumonia  is 
appropriate.  In  a  comparatively  small  number 
of  cases  the  affection  of  the  pleura  becomes  so 
acute  and  widespread  as  to  constitute  danger  to 
life.  Then  it  becomes  a  complication.  This 
happens  in  from  5  to  15  per  cent  of  the  cases 
of  pneumonic  fever.  Usually  the  amount  of 
effusion  is  small,  but  owing  to  the  consolidation 
of  the  lung  a  comparatively  scanty  effusion  may 
make  a  great  show.  The  solid  lung  cannot 
collapse,  and  so  the  effused  fluid  passes  upwards 
above  the  solidified  lobe,  which  it  also  surrounds. 
The  effusion  may  be  fibro-serous,  sero-fibrinous, 
or  purulent  {empyema).  This  complication  is 
especially  apt  to  occur  in  childhood,  at  which 
period  of  life  the  effusion  is  very  commonly 
purulent  from  the  outset. 

In  the  aged,  and  also  in  young  children, 
bronchitis  plays  a  prominent  part  in  the  symp- 
tomatology of  acute  pneumonia,  even  when  the 
exudation  into  the  air  vesicles  is  fibrinous  or 
croupous.  Just  as  there  is  in  one  direction  a 
certain  amount  of  pleuritis  in  nearly  all  cases 
of  pneumonic  fever,  so  also  there  is  almost 
always  more  or  less  bronchial  catarrh  in  the 
other  direction.  This,  however,  does  not  count 
as  a  complication  unless  it  is  so  widespread  as  of 
itself  to  cause  risk  to  life  thi'ough  palsy  of  the 
bronchial  muscle  in  the  aged,  or  mechanically 
in  children  by  blocking  of  the  bronchioles  by 
plugs  of  coagulated  fibrinous  exudation  (plastic 
or  croupous  bronchitis).  Acute  capillary  bron- 
chitis, according  to  Magnus  Huss,  was  present 
in  140  out  of  2616  cases  of  croupous  pneumonia 
observed  in  Stockholm — that  is,  in  5 '4  per  cent 
of  the  patients  (Jiirgensen). 

Pericarditis  and  endocarditis  are  rare  but 
perilous  complications,  particularly  in  cases  in 
which  the  heart  muscle  is  implicated,  in  myo- 
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carditis,  or  in  hyaline  or  cloudy  degeneration. 
Pericarditis  may  be  the  direct  outcome  of  a 
bacterial  infection,  or  may  arise  from  an  ex- 
tension of  inflammation  from  the  neighbouring 
plevira  to  the  pericardium  by  contimiity.  Endo- 
carditis takes  its  origin  in  a  bacterial  infection, 
which  may  be  either  primary  (diplococcic  or 
pnemonococcic)  or  secondary  (streptococcic  or 
staphylococcic).  In  the  latter  case  the  attack 
may  assume  the  terrible  characters  of  malignant 
or  infective  endocarditis,  with  early  death. 
Andrew  H.  Smith  says  that  pericarditis  occurs 
in  from  2  to  8  per  cent  of  the  cases  of  pneu- 
monia. At  the  Presbyterian  Hospital,  New 
York,  it  was  made  out  during  life  in  6  out  of 
485  cases.  He  shows  that  it  is  often  overlooked 
during  life,  the  area  of  the  pneumonic  dulness 
including  that  of  the  pericardial  effusion,  and 
auscultation  not  being  practised  at  the  time 
when  the  pericardial  friction  sound  might  have 
been  heard.  At  Vienna  there  were  27  instances 
of  pericarditis  among  5738  pneumonia  patients, 
or  one-half  (0'5)  per  cent. 

Collateral  hypercemia,  gangrene  of  the  lung, 
and  abscess  of  the  lufig  must  be  mentioned  as  oc- 
casional complications  intimately  related  to  the 
primary  hing  affection.  The  first  is  brought 
about  in  part  by  the  action  of  the  right  ven- 
tricle in  driving  the  whole  blood-stream  through 
the  non-consolidated  parts  of  the  lungs.  "The 
second  factor,"  says  Dr.  Andrew  Smith,  "  is  the 
aspiration  of  an  excess  of  blood  into  the  sound 
lung  by  the  action  of  the  muscles  of  respiration. 
The  inspiratory  effort,  not  resulting  in  adequate 
expansion  of  the  crippled  lung,  produces  a  con- 
dition of  negative  pressure  in  the  sound  one, 
and  blood  flows  into  the  latter  in  consequence." 

When  the  nutrient  blood-vessels  of  the  lung- 
become  blocked  from  thrombosis  or  by  embol- 
ism, and  saprophytic  or  putrefactive  bacteria 
are  present,  the  serious  condition  known  as 
pulmonary  gangrene  results.  Its  occurrence  is 
denoted  by  the  stench  from  the  breath  and  the 
horribly  offensive  sputa  which  the  patient  brings 
up,  with  much  suffering  in  some  cases.  These 
sputa  will  be  found  on  microscopic  examination 
to  contain  strands  of  yellow  elastic  tissue — a 
proof  that  the  lung  structure  is  breaking  up. 

"  In  rare  instances,"  writes  Dr.  Andrew  Smith, 
"  the  affected  portion  of  the  lung  undergoes  a 
suppurative  process.  The  surface  has  then  a 
yellowish  colour,  and  on  section  a  purulent  fluid 
exudes.  The  cells,  resembling  pus  cells  in  all 
respects,  not  only  fill  the  alveoli,  but  infiltrate 
the  interalveolar  walls.  The  pressure  thus 
induced  interferes  with  the  nutrition  of  the 
septa,  and  may  lead  to  their  softening  and 
breaking  down.  This  may  result  in  the  forma- 
tion of  abscesses ;  but  the  condition,  if  at  all 
extreme,  usually  proves  fatal  before  this  point 
is  attained.  Abscess  of  the  lung,  as  an  event 
of  pneumonia,  occurs  in  between  1  and  2  per 
cent  of  all  cases.    The  abscess  may  have  firm 


walls,  or  may  be  only  an  irregular  cavity  in 
broken-down  tissue.  Abscesses  vary  in  size 
from  that  of  a  pea  to  the  dimensions  of  an 
entire  lobe.  They  sometimes  discharge  through 
a  In'onchus ;  at  other  times,  when  small,  they 
become  encapsulated  and  iindergo  caseation." 
Traube  first  called  attention  to  a  change  in  the 
colour  of  the  sputum  to  green  as  a  diagnostic 
of  suppuration  in  the  lung. 

Jaundice  is  an  occasional  complication  of 
pneumonia.  It  occurred  in  30  out  of  5738  cases 
at  Vienna  (0'6  per  cent),  in  23  out  of  2616  cases 
at  Stockholm  (0"9  per  cent),  but  in  65  out  of 
230  cases  at  Basle  (28 "3  per  cent),  according  to 
Fismer.  Probably  the  last-mentioned  high  per- 
centage included  slight  degrees  of  icterus,  the 
result  of  hepatic  congestion.  Intense  icterus  is 
caused  by  a  duodenal  catarrh  leading  to  ob- 
struction of  the  bile  ducts.  Lastly  and  rarely, 
there  may  be  a  dangerous  form  of  non-obstruc- 
tive jaundice  due  to  profound  blood  changes. 
G.  Mante  has  shown  that  this  variety  depends 
on  the  haematolytic  action  of  the  Di2)lococcus 
pneumonice  lanceolatus. 

Parotitis  is  a  very  rare  but  an  exceedingly 
serious  complication,  which  is  met  with  in  aged 
or  debilitated  patients.  It  is  usually  unilateral, 
according  to  Grisolle,  and  generally  terminates 
in  suppuration  or  even  in  gangrene.  In  the  re- 
ports of  the  Vienna  hospitals  this  inflammation 
of  the  parotid  gland  is  mentioned  only  six  times 
in  5738  cases.  Jurgensen  never  saw  this  com- 
plication— a  sufficient  proof  of  its  rarity.  Testi 
in  1889  obtained  the  Diplococcus  pneumoniae 
in  pure  cultures  from  the  pus  in  a  case  of 
parotitis  complicating  acute  croupous  pneu- 
monia. 

Meningitis  may  be  caused  by  the  Diplococcus 
pneumonia;  directly,  or  —  as  pointed  out  by 
Jurgensen  —  the  presence  of  croupous  pneu- 
monia is  a  powerful  predisponent  to  epidemic 
cerebro-spinal  meningitis.  Of  course,  when  Jur- 
gensen wrote,  the  Diplococcus  intracellularis  men- 
ingitidis of  Weichselbaum  had  not  been  isolated. 
The  truth  seems  to  be  that  the  meningeal  diplo- 
coccus undoubtedly  sometimes  gives  rise  to  a 
pneumonia,  while  the  pneumonic  diplococcus 
with  equal  certainty  may  light  up  a  meningitis. 

Among  other  complications  may  be  named 
otitis  media,  the  purulent  form  of  which  may 
reinfect  the  lung ;  thrombosis  of  the  femoral 
vein,  usually  the  left ;  and  various  paralyses 
(including  peripheral  neuritis),  which  are,  how- 
ever, infrequent.  Diarrhoea  is  also  occasionally 
observed.  The  rarer  sequelae  of  pneumonia  are  : 
(1)  Abscess  of  the  lung;  (2)  pulmonary  gan- 
grene, either  circvimscribed  or  diffuse ;  (3) 
caseation,  or  "cheesy  infiltration,"  in  which  a 
secondary  tubercular  infection  often  plays  an 
important  part ;  and  (4)  fibrosis,  or  fibroid 
induration  of  the  lung  (chronic  interstitial  pneu- 
monia, the  "cirrhosis  of  the  lung"  of  Sir  Dominic 
Corrigan). 
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Pulmonary  consumption  very  rarely  follows  in 
the  wake  of  croupous  pneumonia,  whereas  it  is 
a  common  sequela  of  catarrhal  pneumonia.  In 
a  draper's  assistant,  a  young  man  aged  19, 
lately  under  the  writer's  care,  a  suspicious 
secondary  fever  set  in  after  eight  or  nine  days' 
pyrexia.  Repeated  examinations  of  the  sputum 
failed  to  show  the  presence  of  tubercle  bacilli, 
and  the  disturbance  passed  off  after  a  fortnight, 
leaving  no  ill  effects.  The  attack  was  probably 
due  to  some  septic  absorption  in  the  resolution 
stage  of  a  right  apical  pneumonia  (see  Tempera- 
ture Chart  L,  p.  171). 

Diagnosis 

In  a  well-marked  typical  case  the  diagnosis  of 
acute  croupous  pneumonia  presents  no  diffi- 
culty, at  least  after  a  day  or  two.  But  in 
masked  or  larval  cases,  or  where  the  disease 
runs  an  atypical  and  sluggish  course,  the 
diagnosis  may  be  attended  with  much  doubt. 
Again,  there  are  morbid  states  of  the  lung,  which 
in  their  symptoms  and  physical  signs  may 
simulate  acute  pneumonia. 

Typhus. — The  onset  of  pneumonia  often  closely 
resembles  typhus  in  its  pre-emptive  stage.  The 
initial  rigors,  headache,  sleeplessness,  brisk  rise 
of  temperature,  constipation,  and  suffused  eyes 
and  face,  are  common  to  both  diseases.  The 
diagnosis  is  settled  by  the  respiratory  symptoms 
of  the  lung  attack,  its  rusty  sputum,  and  its 
physical  signs.  Also  the  epidemic  prevalence 
of  either  one  or  other  disease  should  be  taken 
into  account. 

Enteric  Fever. — In  the  Annual  Report  of  the 
Metropolitan  Asylums  Board  for  1897,  it  is  stated 
that  of  293  patients  admitted  to  hospital  certified 
as  suffering  from  enteric  fever,  4  had  bronchitis 
and  61  had  lobar  pneumonia.  These  figures 
would  lead  to  the  conclusion  that  enteric  fever 
and  acute  pneumonia  are  often  confounded  with 
each  other.  The  mistake  might  be  excusable 
in  those  rare  instances  in  which  pneumonia 
runs  a  protracted  course,  with  continued  fever, 
and  perhaps  diarrhoea  and  wasting.  But  at  the 
onset  of  an  attack  a  systematic  examination  of 
the  chest  should  obviate  a  wrong  diagnosis. 

Even  when  cough  and  expectoration  are  absent, 
the  rapid  respiration,  unequal  expansion  of  one 
side  of  the  chest,  and  the  results  of  a  careful 
physical  examination,  should  clear  up  the  diag- 
nosis, particularly  if  the  Widal  test  yielded  a 
negative  result.  Of  course  no  reference  is  here 
made  to  the  so-called  typhoid  or  ataxic  state, 
which  may  supervene  in  either  enteric  fever  or 
pneumonia. 

Meningitis. — Dr.  Osier,  writing  in  1890,  ob- 
serves that  "  nervous  symptoms  are  more  fre- 
quent in  pneumonia  than  in  typhoid,  and  from 
the  onset  may  so  dominate  that  the  local  lesion 
is  entirely  overlooked.  For  instance,  in  the  case 
of  cerebral  pneumonia  of  children,  in  which  the 
disease  sets  in  with  a  convulsion,  there  are 


high  fever,  delirium,  great  irritability,  muscular 
tremor,  and  perhaps  retraction  of  the  head  and 
neck,  and  consequently  meningitis  is  usually 
diagnosed.  Cases  occur  in  which  the  malady 
sets  in  with  acute  mania.  For  example,  a  young 
man  behaved  so  strangely  on  the  train  that  he 
was  handed  over  to  the  police  as  a  lunatic,  and 
as  he  had  no  cough  and  little  fever  (though  he 
complained  of  a  pain  in  the  side)  pneumonia 
was  not  recognised  for  several  days.  Again, 
pulmonary  features  are  frequently  masked  where 
the  patient  has  delirium  tremens,  and  error  is 
certain  to  occur  unless  it  is  made  an  invariable 
rule  to  examine  the  chest  in  these  cases."  He 
goes  on  to  say :  "  There  are  cases  with  toxic 
features  resembling  ursemia  •  without  chill, 
cough,  or  pain  in  the  side  the  patient  may 
develop  fever  and  a  little  shortness  of  breath, 
and  then  gradually  grow  dull  and  heavy,  and 
within  three  days  there  may  be  a  condition  of 
profound  toxsemia,  with  low,  muttering  delirium. 
In  many  of  these  cases  the  most  characteristic 
symptoms  of  the  disease  may  be  absent,  particu- 
larly the  cough  and  the  rusty  sputum  ;  but  the 
physical  signs,  if  they  are  elicitable,  are  well 
marked.  Even  in  the  gravest  of  these  cerebral 
cases  the  crisis  and  the  onset  of  convalescence 
may  occur  in  the  ordinary  way,  and  the  patient 
may  pass  from  a  condition  of  extreme  danger  to 
one  of  perfect  safety." 

Other  Chest  Affections. — When  in  catarrhal 
pneumonia  many  adjacent  lobules  are  affected, 
the  physical  signs  of  consolidation  of  the  lung 
may  be  present.  But  the  history  of  the  attack 
should  solve  the  question  of  diagnosis,  although 
the  distinction  between  catarrhal  and  croupous 
pneumonia  may  not  matter  much  so  far  as 
treatment  is  concerned. 

Passive  or  mechanical  congestion  of  the  lungs, 
leading  to  pulmonary  oedema  or  hypostatic  con- 
solidation, may  resemble  pneumonia  in  regard 
to  physical  signs.  But  the  conditions  named 
develop  slowly,  are  for  the  most  part  afebrile, 
and  are  neither  unilateral  nor  lobar  in  their 
distribution. 

An  apical  pneumonia  may  excite  fears  of  a 
pulmonary  tuberculosis,  which  even  the  failure 
to  discover  Koch's  bacillus  in  the  sputum  may 
not  lull  to  rest.  In  a  recent  instance  the  writer 
was  very  uneasy  about  a  patient  who,  when 
recovering  from  a  sharp  attack  of  right  apical 
pneumonia,  developed  a  secondary  fever  of  some 
ten  days'  duration,  at  the  same  time  assuming  a 
very  phthisical  aspect.  Koch's  bacilli  were  not 
found  in  the  sputum,  and  the  patient  completely 
recovered.  This  secondary  fever  appeared  to  be 
due  to  absorption  of  some  toxic  agent  in  the 
exudation  while  undergoing  resolution.  The 
clinical  chart  in  this  case  is  given  on  p.  171. 

But  it  is  with  an  acute  pleurisy  with  effusion 
that  pneumonia  is  most  likely  to  be  confounded, 
particularly  in  children.  The  onset  of  pleurisy 
may  be  sudden,  with  shivering,  pain  in  the  side, 
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rapid  and  shallow  breathing,  with  cough  and 
fever.  But  the  temperature  does  not  run  as 
high  as  in  pneumonia,  and  the  other  evidences 
of  a  profound  intoxication  are  wanting.  The 
character  of  the  cough  is  dry,  short,  sharp,  and 
hacking  in  pleurisy,  and  the  course  of  the  attack 
is  less  cyclic  than  pneumonia.  The  sputa  are 
indicative  of  catarrh  or  of  pulmonary  oedema  in 
pleuritis. 

Great  attention  must  be  paid  to  the  physical 
signs,  which  in  most  cases  afford  grounds  for 
a  differential  diagnosis.  In  the  first  place,  on 
inspection,  the  natural  furrows  of  the  inter- 
costal spaces  are  maintained  in  pneumonia, 
whereas  in  acute  pleurisy  with  effusion  they  are 
effaced,  the  spaces  sometimes  bulging.  On 
palpation,  vocal  or  pectoral  fremitus  is  usually 
exaggerated  in  pneumonia,  lessened  or  lost  in 
pleurisy.  The  cardiac  impulse  may  be  felt  in 
or  very  near  its  usual  situation  in  pneumonia ; 
it  may  be  widely  displaced  in  pleurisy.  On 
percussion  the  absolute  dulness  (amounting  to 
flatness)  of  pleural  effusion  contrasts  with  the 
relative  dulness  of  a  pneumonic  consolidation. 
And,  lastly,  on  auscultation,  we  have  in  order 
in  pneumonia  rough  breath  sounds,  fine  crepita- 
tion, tubular  breathing,  and  bronchophony  or 
segophony,  with  crepitus  redux  in  the  resolution 
stage.  In  pleuritis  there  are — in  order — friction 
sounds,  faintness  or  absence  of  breath  sounds,  or 
distant  rhonchi  and  rales,  with  lessened  vocal 
resonance.  Signs  of  displacement  of  organs, 
namely,  the  heart,  liver,  spleen,  and  stomach, 
are  present  in  cases  of  extensive  pleural  effusion. 

Unfortunately,  the  principal  signs  may  help 
but  little  in  the  case  of  young  children,  but  in 
them  pneumonia  still  generally  keeps  its  cyclic 
and  periodic  character — the  duration  of  the 
attack  being  numbered  by  days  instead  of  weeks, 
as  in  pleurisy. 

Prognosis 

Pneumonia  is  always  a  serious  disease,  for  its 
presence  means  interference  with  respiration  and 
circulation  alike.  Yet  the  death-rate  is  not  ex- 
cessive in  the  United  Kingdom. 

It  has  already  been  shown  that  the  mortality 
per  cent  of  those  attacked  equals  14'5  in  England 
and  Wales.  In  the  United  States  of  America 
pneumonia  appears  to  be  a  far  deadlier  disease 
than  in  the  United  Kingdom.  According  to 
Osier,  pneumonia  is  the  most  widespread  and 
the  most  fatal  of  all  acute  diseases.  In  the 
United  States,  during  the  census  year  1890, 
76,496  persons  died  of  it,  a  death-rate  per 
100,000  of  population  of  186-94.  "More 
deaths  are  attributed  to  it  than  to  any  single 
form  of  disease,  except  consumption "  (Census 
Report).  Hospital  statistics,  quoted  by  Osier, 
show  a  very  high  rate  of  mortality — for  example, 
Montreal  General  Hospital,  20'4  per  cent;  Johns 
Hopkins  Hospital,  29-8  per  cent;  Pennsylvania 
Hospital,  29  per  cent ;  Boston  City  Hospital, 


29-1  per  cent ;  and  highest  of  all,  in  a  southern 
climate — Charity  Hospital,  New  Orleans,  38 '01 
per  cent.  Osier  quotes  Wells  as  collecting  from 
various  sources  223,730  cases,  with  40,276 
deaths,  a  mortality  of  18-1  per  cent. 

The  fatality  of  pneumonia  is  governed  by  the 
patient's  age,  sex,  habits,  previous  state  of  health, 
the  seat  and  extent  of  the  lung  affection,  and 
the  epidemic  virulence  of  the  disease  for  the 
time  being. 

Age. — Croupous  pneumonia  is  not  fatal  to 
young  children,  or  to  pi-eviously  healthy,  sober 
adults.  It  is  extremely  deadly  to  old  people, 
and  in  the  presence  of  a  broken-down  constitu- 
tion. "  The  greater  the  wear  and  tear  of  the 
body,  the  more  fatal  the  disease  becomes " 
(Jiirgensen). 

Sex. — Less  common  among  females,  pneu- 
monia is  more  fatal  to  them  than  to  males.  Of 
223  cases  treated  in  the  Presbyterian  Hospital, 
New  York,  170  were  males,  with  a  death-rate  of 
28'8  per  cent;  and  53  were  females,  with  a 
death-rate  of  31-2  per  cent  (Andrew  H.  Smith). 
One  reason  for  the  higher  mortality  among 
women  is  that  the  condition  of  pregnancy  adds 
immensely  to  the  danger  of  pneumonia,  owing 
to  the  hyperinotic  state  of  the  blood  which 
attends  pregnancy. 

Habits. — Alcoholic  excess  enormously  adds  to 
the  peril  of  pneumonia.  Among  428  cases  ad- 
mitted to  the  Presbyterian  Hospital,  New  York, 
the  mortality  was  20  per  cent  among  the  non- 
alcoholic, 32  per  cent  among  the  moderately 
alcoholic,  but  70  per  cent  among  the  markedly 
alcoholic  (A.  H.  Smith). 

Previous  Ill-Health. — Damaged  kidneys,  of 
course,  play  an  important  role  in  increasing  the 
mortality  among  alcoholic  pneumonia  patients. 
Rheumatism,  malarial  poisoning,  diabetes, 
chronic  nephritis,  heart  or  lung  disease,  es- 
pecially phthisis,  all  influence  the  prognosis 
unfavourably. 

Situation  and  Extent. — An  apical  pneumonia 
is  more  dangerous  than  a  basic  attack,  because 
it  less  readily  resolves.  Double  pneumonia  is 
very  dangerous.  So  is  an  attack  which  involves 
the  whole  of  one  lung,  or  is  accompanied  by 
a  ci'oupous  bronchitis  (massive  pneumonia). 
Right  pneumonia  is  stated  to  be  more  fatal 
than  left. 

Epidemic  Influences. — At  times  of  epidemic 
prevalence  the  disease  is  apt  to  become  virulent. 
The  pneumonia  of  influenza  is  one  of  the 
deadliest  of  diseases,  directly  because  it  tends 
to  spread  through  the  lungs,  and  is  accompanied 
by  a  general  bronchial  catarrh ;  indirectly, 
because  of  the  concomitant  heart-palsy. 

Among  imfavourable  prognostics  are  high 
fever  (above  105°  F.),  very  rapid  respirations 
without  hyperpyrexia,  tachycardia,  and  feeble 
pulse,  accentuation  of  the  pulmonary  second 
sound  followed  by  loss  of  this  character  (imply- 
ing weakening  of  the  right  ventricle),  absence 
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of  expectoration,  or  presence  of  prune-juice  ex- 
pectoration, marked  cerebral  symptoms,  gastro- 
enteric disturbance,  with  diarrhoea  and  tym- 
panites, (in  women)  pregnancy.  Excessive 
leucocytosis  indicates  suppuration.  Moderate 
leucocytosis  is  regarded  as  favourable,  and  so 
are  local  eruptions  of  herpes. 

Treatment 

In  attempting  to  deal  with  this  vast  subject 
we  propose  to  limit  the  scope  of  our  inquiries 
by  omitting  the  merely  historical  part  of  the 
question,  and  by  boldly  stating  at  the  outset 
that  the  genei'al  principles  of  treatment  of  the 
infective  fevers  apply  in  their  entirety  to  pneu- 
monia fever  also.  This  disease,  in  a  word,  like 
them,  is  an  essential  or  constitutional  malady, 
self-limited  in  duration.  No  doubt  its  normal 
course  is  often  interfered  with  and  interrupted 
by  accidental  complications  or  sequelje,  which 
may  themselves  demand  vigorous  treatment. 
But  to  "cure  pneumonia"  is  still,  malgre  the 
brothers  Klemperer  and  their  serum  treatment, 
a  feat  as  impossible  of  achievement  as  to  cure 
typhus  fever.  "  We  know  of  no  cure  for  fever  ; 
no  man  has  ever  cured  it,"  wrote  William 
Stokes,  of  Dublin,  many  years  ago.  "  It  is, 
however,  curable  spontaneously.  If  you  leave 
it  to  its  own  course  it  is  capable  of  curing  itself. 
It  will  spontaneously  subside.  .  .  .  We,  so  to 
speak,  cure  the  patient  by  preventing  him  from 
dying.  .  .  .  Herein  lies  the  secret  of  the 
treatment  of  fever.  We  watch  the  progress 
of  the  disease  throughout  its  varying  phases ; 
we  meet  by  judicious  treatment,  as  they  arise, 
the  symptoms  of  secondary  and  local  malady ; 
we  sustain  the  system  as  far  as  practicable  ;  we 
preserve  the  sufferer  at  the  least  expense  to 
the  constitution  ;  and  we  wait  patiently  until 
the  hour  shall  strike  when  in  accordance  with 
the  mysterious  law  of  periodicity  the  fever 
shall  have  departed  and  convalescence  shall 
have  begun." 

The  "  mysterious  law  of  periodicity  "  is  not 
now  so  mysterious  as  it  was  in  the  days  of 
Stokes.  The  bacterial  origin  of  the  malady 
is  everywhere  admitted.  The  symptoms,  local 
and  constitutional,  are  due  to  a  toxfemia.  The 
toxin  is  resisted  by  the  body-forces,  as  well  as 
by  an  antitoxin  which  the  toxaemia  calls  into 
being.  Then,  in  the  appropriate  words  of  Dr. 
Andrew  H.  Smith,  "the  crisis  is  deferred  until 
the  infecting  are  balanced  by  the  disinfecting 
forces,  the  latter  including  the  various  emunc- 
tories  by  which  the  poison  is  discharged  from 
the  body." 

Prophylaxis. — The  prevention  of  pneumonia 
is  a  difficult  matter.  Perfect  sanitation  of  the 
dwelling-house,  civic  cleanliness  in  the  fullest 
sense,  the  maintenance  of  a  high  standard  of 
personal  health,  and  thorough  disinfection  or 
destruction  of  the  sputum  of  pneumonic  cases, 
which  is  dangerous  only  in  a  second  degree  to 


that  of  pulmonary  consumption — such  are  the 
somewhat  Utopian  measures  by  adopting  which 
we  may  hope  to  control  pneumonia.  The 
subjects  of  the  malady  should  be  isolated  and 
treated  in  epidemic  wards  like  any  other  fever 
patients.  The  researches  of  Netter  (1888), 
Foa,  and  G.  and  F.  Klemperer  (1891)  suggest 
the  possibility  of  producing  a  temporary  im- 
munity against  pneumonia  even  in  man,  by 
injections  of  an  antipneumococcic  servnn  pre- 
pared fi-om  an  attenuated  culture  of  the 
Diplococcus  pneu7nonice.  The  dog  certainly  can 
be  rendered  immune,  and  can  also  be  cured  of 
pneumonia  by  injections  of  antipneumococcic 
serum.  Man,  however,  is  relatively  only  slightly 
susceptible  to  the  pneumonic  diplococcus,  and 
therefore  we  infer  that  he  is  equally  but  slightly 
susceptible  to  the  antipneumococcic  serum. 

Management.  —  A  patient  suffering  from 
pneumonia  should  take  to  bed  at  the  earliest 
moment  in  a  large,  airy,  warm,  well-lighted 
room  in  a  well-drained  "  fresh "  house.  Pure 
air  and  warmth  and  daylight  are  magical 
remedies  in  this  as  in  other  acute  diseases.  If 
the  house  in  which  the  patient  resides  is  badly 
drained  he  should  at  once  be  removed  from  its 
tainted  air.  Nothing  is  more  striking  than 
the  marked  improvement  which  often  follows 
the  removal  of  a  pneumonia  patient  from 
insanitary  surroimdings  to  an  airy,  well-warmed, 
wholesome  ward  in  a  well-appointed  general  or 
private  hospital. 

Next  to  the  place  in  which  pneumonia  is 
treated  comes  the  manner  in  which  it  is  nursed. 
As  Graves  said  years  ago,  "It  is  of  the  utmost 
importance  to  economise  the  patient's  strength 
in  fever.  The  very  act  of  lifting  him  up,  or 
removing  him  from  one  side  to  another,  tends 
to  produce  exhaustion."  Neither  in  pneumonia 
nor  in  typhus  should  the  patient  be  allowed  to 
assume  an  upright  position  lest  cardiac  failure 
should  ensue.  Hence  the  necessity  for  skilled 
nursing,  which  will  save  the  sufferer  from 
fatigue  in  a  thousand  and  one  ways.  But  the 
nurse  must  be  one  such  as  Shakespeare  describes 
in  Cymheline — 

So  kind,  so  duteous,  diligent, 
So  tender  over  his  occasions,  true. 
So  feat,  so  nurse-like. 

The  skilled  nursing  of  pneumonia  is  then  of 
paramount  importance  both  by  night  and  by 
day.  It  should  be  unceasing.  One  care  the 
nurse  should  have  is  to  prevent  the  patient 
talking — in  pneumonia,  speaking  inflicts  a  far 
greater  strain  npon  the  patient's  breathing 
than  in  other  disease.  It  also  induces  fits  of 
coughing,  which  exhaust  the  strength. 

The  dieting  of  the  patient  is  all-important. 
As  in  enteric  fever,  the  food  should  be  liquid, 
very  nourishing,  easily  assimilable,  given  in 
moderate  quantities  at  rather  short  intervals. 
More  risk  results  to  the  patient  from  over-feeding 
than   from  starving.     During  the  fever  the 
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total  quantity  of  liquid  food  given  in  24  hours 
should  not  exceed  three  pints  and  a  half,  that 
is,  two  litres.  In  addition,  cold  water  may  be 
allowed  ad  libitum.  Should  the  stomach  be 
much  upset  and  irritable,  equal  parts  of  whey 
and  egg- water  will  usually  be  borne  better 
than  anything  else.  Egg-water — the  eau  albu- 
mineuse  of  the  French — is  prepared  by  whipping 
up  the  whites  of  from  two  to  four  eggs  to  a 
froth,  then  stirring  into  a  pint  of  cold  water 
and  finally  straining.  This  albumin-water 
replaces  the  casein  of  the  milk  which  has  been 
separated  as  curd  in  the  making  of  the  whey. 
Should  a  mild  stimulant  be  required,  wine-whey 
may  be  substituted  for  ordinary  two-milk  whey 
— that  is,  whey  made  by  adding  one  part  of 
fresh  butter-milk  to  two  parts  of  warm  milk  in 
a  saucepan  over  a  slow  fire.  Milk  and  soda 
water,  or  carbonised  water,  form  a  grateful 
beverage,  or  the  milk  may  be  peptonised  or 
given  as  "junket."  Egg-flip  is  a  good  food  and 
stimulant  combined.  A  light  and  palatable 
form  is  made  by  whipping  up  the  yolk  of  a 
fresh  egg,  sprinkling  a  little  powdered  white 
sugar  upon  it,  adding  from  a  teaspoonful  to  a 
tablespoonful  of  whisky  or  brandy,  and  finally 
pumping  soda  water  from  a  syphon  upon  the 
mixture  in  a  tumbler. 

As  regards  animal  broths,  it  is  to  be  remem- 
bered that  beef  tea  as  usually  made  is  little 
more  than  a  stimulant.  It  is  better  mixed 
with  chicken  broth.  Strained  mutton  broth 
is  very  wholesome  and  palatable.  But  raw 
meat  juice  is  much  more  nourishing  than  any 
of  these,  and  mixed  with  port  wine  is  a  power- 
ful restorative. 

Freshly  made  tea  with  milk  or  cream  may 
be  allowed,  and  a  little  toast,  if  desired,  may 
be  soaked  in  the  tea.  A  cup  of  black  coffee, 
with  or  without  brandy,  is  an  excellent  stimu- 
lant in  the  early  morning  after  a  restless  night 
of  tossing,  sleeplessness,  and  delirium.  Various 
fresh  fruits,  such  as  oranges,  grapes,  and  bananas, 
may  be  given  throughout  the  attack.  Bananas, 
indeed,  are  very  nourishing  and  digestible,  and 
serve  as  food  even  in  the  presence  of  high  fever. 

The  patient  should  not  be  allowed  to  suffer 
from  thirst.  Sipping  cold  water  not  only  allays 
the  thirst  of  fever  better  than  anything  else, 
but  acts  as  a  stimulant  to  both  heart  and  liver, 
as  pointed  out  by  Sir  Lauder  Brunton.  Some- 
times thirst  is  relieved  by  simply  holding  a 
little  cold  or  tepid  water  in  the  mouth  and 
then  spueing  it  out.  Ice  is  often  craved,  and 
should  be  allowed. 

At  this  time  of  day  it  would  be  idle  waste  of 
time  to  give  a  detailed  historical  account  of  the 
various  methods  of  treatment  adopted  in  suc- 
cession for  the  "  cure  "  of  a  periodic,  self-limited 
disease.  These  methods  were  the  antiphlogistic 
plan,  by  which  it  was  sought  to  quench  the 
fires  of  "  infiartwiation  of  the  lungs  "  by  bleeding, 
calomel,  antimony,  and  opium  ;  the  stimulant 


plan  so  warmly  advocated  and  energetically 
practised  by  Dr.  Robert  Todd,  of  London ;  the 
wise,  if  so-called  expectant,  method  adopted  by 
Dr.  Hughes  Bennet,  of  Edinburgh,  in  1848, 
which,  though  somewhat  reactionary,  recognised 
the  principle  of  a  "vis  medicatrix  naturae"  in 
relation  to  pneumonia ;  the  antipyretic  plan 
of  the  German  school,  with  its  large  doses  of 
quinine  (30  grains  at  intervals  of  48  hours), 
its  repeated  baths  at  102°  to  104°  F.,  and  its 
ice-pack  or  cold  compresses  to  the  chest  walls ; 
the  symptomatic  treatment  of  cough,  pain,  in- 
somnia, delirium,  vomiting,  and  diarrhoea,  or 
other  troublesome  epiphenomena ;  and,  lastly, 
the  serum  or  antitoxin  treatment,  introduced 
by  G.  and  F.  Klemperer  in  1891. 

Our  position  to-day  is  this.  We  cull  from 
one  and  all  of  the  foregoing  methods  of  treat- 
ment those  measures  and  remedies  which  appear 
most  likely  to  benefit  our  individual  patients, 
without  slavishly  following  one  method  of  treat- 
ment to  the  exclusion  of  the  rest.  Let  iis  deal 
with  the  subject  under  two  headings  :  (1)  the 
Antitoxin  treatment,  (2)  Rational  treatment. 

Antitoxin  Treatment. — In  their  original  com- 
munication on  the  nature  of  the  infection  in 
acute  fibrinous  pneumonia  published  in  1891, 
G.  and  F.  Klemperer  explain  that  the  crisis 
seen  in  pneumonia  in  human  beings  occurs  at 
the  moment  when  the  poisonous  products, 
manufactured  by  the  bacteria  located  in  the 
lungs,  are  present  in  the  circulation  in  amounts 
sufficient  to  call  forth  in  the  tissues  the  re- 
active change  that  results  in  the  production 
of  the  antidotal  substance  which  has  the  power 
of  rendering  the  poisons  inert. 

At  the  time  of  the  crisis  in  pneumonia  the 
bacteria  themselves  are  in  no  way  affected. 
They  remain  in  the  lungs,  and  can  be  detected 
in  full  vigour  and  virulence  in  the  sputum  of 
patients  a  long  time  after  the  disease  is  cured. 
They  have  lost  none  of  their  power  of  produc- 
ing poisonous  products,  and  still  possess  their 
original  pathogenic  relations  toward  susceptible 
animals.  It  is  only  after  the  crisis  that  their 
poisons  are  neutralised  by  this  antidotal  proteid 
which  has  been  eliminated  by  the  cells  of  the 
tissues,  and  as  this  occurs  the  systemic  mani- 
festations gradually  disappear.  Klemperer  and 
Klemperer  isolated,  from  the  cultures  of  the 
diplococcus  of  pneumonia,  a  proteid  body  which 
is  the  agent  concerned  in  producing  the  tissue- 
changes  that  result  in  the  formation  of  the 
protecting  substance.  They  likewise  isolated 
from  the  serum  of  immunified  animals  a  proteid 
which  possesses  the  same  powers  as  the  serum 
itself — of  affording  immunity  and  of  curing  the 
disease.  The  poisonous  bacterial  product  they 
propose  to  call  pneumotoxin ;  the  protecting 
body,  antipneumotoxin. 

After  obtaining  these  results  upon  the  lower 
animals  they  directed  their  attention  to  human 
beings,  and  found  that  by  the  subcutaneous 
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application  of  the  serum  of  immunified  animals 
to  patients  suifering  from  acute  fibrinous  pneu- 
monia the  results  were  in  the  main  promising. 
They  found  that  while  healthy  individuals  and 
those  suffering  from  other  forms  of  the  disease 
presented  no  systemic  reaction  after  the  injec- 
tion of  the  serum,  in  6  cases  of  pneumonia  in 
which  the  serum  was  employed  there  was  a 
remarkable  fall  of  temperature  and  slowing  of 
the  pulse  within  the  first  twelve  hours  after  it 
was  injected.  In  4  of  these  cases  the  tem- 
perature fell  to  normal,  but  rose  again  after 
six  hours.  In  2  cases  it  fell  to  normal,  and 
remained  at  that  point. 

Early  in  1897  Dr.  J.  W.  Washbourn,  phys- 
ician to  the  London  Fever  Hospital,  reported  2 
cases  of  pneumonia  treated  with  antipneumo- 
coccic  serum.  The  serum  was  derived  from  a 
pony  which  had  been  gradually  immunised  by 
injections  into  the  subcutaneous  tissue  of  the 
shoulder  of  broth  cultivations  of  the  Diplococcus 
pneumoniae  heated  to  60°  C.  for  one  hour,  then 
of  living  agar  cultivations,  and,  lastly,  of  living 
broth  cultivations.  In  both  cases  the  treat- 
ment appeared  to  exert  a  beneficial  effect  upon 
the  disease.  Washbourn  recommends  that  the 
serum  should  be  injected  into  the  subcutaneous 
tissue  with  strict  aseptic  precautions.  The 
dose  should  be  20  cubic  centimetres  (660  imits). 
The  treatment  should  be  commenced  as  early  as 
possible  in  the  attack,  and  should  be  repeated 
twice  a  day  until  the  patient  is  convalescent. 
Andrew  H.  Smith  thinks  that  we  must  conclude 
that  up  to  the  present  the  achievements  of 
orrhotherapy  in  its  application  to  pneumonia 
can  scarcely  be  said  to  amount  to  more  than 
an  encouragement  to  further  effort.  "  No 
really  decisive  results  have  been  obtained.  In 
some  cases  the  eifect  seems  to  have  been  favour- 
able, but  in  view  of  the  variable  course  of 
pneumonia  under  all  forms  of  treatment,  it  is 
impossible  to  assign  to  the  injections  any  positive 
share  in  the  result." 

Rational  Treatment. — Ever  keeping  before  his 
mind  the  idea  of  the  specific  nature  of  pneumonic 
fever,  the  object  of  the  physician  in  treating 
this  disease  should  be  to  guide  the  patient 
safely  back  to  health  through  the  manifold 
dangers  by  which  he  is  encompassed. 

The  bowels  should  be  kept  active  once  or 
twice  a  day.  The  diet  should  be  regulated. 
Sleep  should  be  secured. 

Temperatvire  may  run  so  continuously  high 
(104°  F.,  or  upwards)  as  to  suggest  a  risk  of 
heart  failure,  apt  to  be  induced  by  the  action 
of  pyrexia,  combined  with  the  profound  dis- 
turbance of  the  pulmonary  circulation  caused 
by  the  pneumonia.  At  the  same  time,  we  should 
recollect  that  the  rate  of  mortality  is  higher  in 
the  presence  of  relatively  low  temperatures 
(under  103°  F.)  than  it  is  when  the  thermometer 
ranges  between  104°  and  105°.  The  German 
doctrine  of  "  Das  Heil-fieber  "  holds  good  in  the 


case  of  pneumonia  as  in  that  of  other  continued 
fevers.  Elevation  of  body  temperatiire  means 
a  reaction  of  the  body  forces  against  the  toxaemia. 
Cold  water,  applied  externally  and  taken  in- 
ternally, is  the  safest  of  all  antipyretics.  It 
lowers  temperature  without  interfering  with 
the  production  of  body-heat  (thermogenesis). 
Sir  Lauder  Brunton  cites,  as  the  most  striking 
example  he  ever  saw  of  the  use  of  cold,  the 
case  of  a  patient  suffering  from  pneumonia, 
who  was  dying  from  hyperpyrexia.  At  the 
suggestion  of  a  Swedish  physician  who  was 
present.  Professor  J.  Hughes  Bennet,  of  Edin- 
burgh, under  whose  care  the  patient  was, 
applied  the  wet  pack.  A  big  tub  of  cold  water 
was  ordered  into  the  ward.  All  the  bedclothes 
were  pulled  off,  a  sheet  was  dipped  in  the  water, 
and  the  patient  was  wrapped  in  it.  In  a  few 
minutes  it  was  taken  off  and  a  second  cold  sheet 
was  applied.  This  was  repeated  again  and 
again,  and  in  an  hour  the  patient  lay  quiet  and 
comfortable,  apparently  in  an  easy  slumber. 
From  that  time  forward  the  patient  went  on 
without  a  bad  symptom,  and  in  due  course 
recovered  perfectly. 

Sponging  with  vinegar  and  tepid  water  (one 
part  in  four)  is  a  useful  modification  of  the 
bathing  treatment  of  pneumonia. 

Another  risk  to  life  arises  from  collateral 
oedema  of  the  lungs  or  brain,  and  this  in  a 
sthenic  patient  with  high  fever  may  be  relieved 
by  leeching  or  venesection,  remedies  which  have 
been  too  much  neglected  of  late  years.  Cyanosis, 
stupor,  transitory  paralysis  affecting  one  or  other 
side  of  the  body  (hemiplegia),  rapid  respirations, 
and  a  serous  frothy  expectoration,  are  indica- 
tions of  collateral  hyperiemia,  which  a  moderate 
venesection — 4  to  6  or  8  ounces  of  blood — would 
probably  at  once  relieve.  The  writer  can  call 
to  mind  three  or  four  cases  of  this  kind,  in 
which  venesection  did  good,  and  quickly. 

The  administration  of  alcoholic  stimulants 
calls  for  much  circumspection  on  the  part  of  the 
physician.  Many — probably  most — pneumonic 
patients  are  better  without  stimulants,  which 
may  tire  the  heart  and  congest  the  liver.  The 
intemperate  and  the  aged  require  stimulants — 
the  former  in  moderation,  the  latter  often  pleno 
rivo.  It  is  a  good  plan  to  combine  stimulants 
and  food,  as  in  egg-flip,  wine-whey  and  egg- 
water,  milk  and  whisky  or  brandy.  For  an 
emergency  champagne  plays  a  useful  part. 
Women  and  children  often  bear  stimulants 
badly.  Under  all  circumstances,  the  ordering 
of  these  dangerous  remedies  should  be  subject 
to  revision  day  by  day. 

As  secondary,  though  useful,  aids  to  treat- 
ment, several  local  applications  may  be  men- 
tioned. A  single  leech  applied  early  in  the 
attack  will  often  relieve  the  distressing  "stitch 
in  the  side "  of  that  stage.  When  the  leech 
falls  off  the  wound  may  be  allowed  to  bleed 
into  a  linseed-meal  poultice  for  a  quarter  of  an 
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hour  or  twenty  minutes.  A  relay  of  hot  linseed- 
meal  poultices  is  an  old-fashioned  and  useful 
pi'actice.  Mustard  in  varying  proportions,  when 
mixed  with  such  a  poultice,  produces  more 
decided  counter  -  irritation,  and  prevents  the 
uncomfortable  feeling  of  chill  which  ensues  on 
cooling  of  the  poultice.  In  children  a  jacket 
of  wadding  is  a  good  substitute  for  the  poultice. 
The  inflammable  nature  of  wadding  should  not 
be  forgotten.  Turpentine  stupes  do  good,  par- 
ticularly when  there  is  coincident  bronchitis. 
Dry  cupping  is  excellent  practice  for  the  relief 
of  pain  and  dyspnoea,  but  also  as  a  preventive 
of  collateral  hypersemia.  Blistering  is  often 
harmful,  and  when  prescribed  should  be  used 
with  moderation.  Free  and  reckless  blistering 
may  damage  the  burdened  kidneys,  or  actually 
set  up  a  traumatic  pleuropneumonia.  Mention 
has  already  been  made  of  the  application  of 
ice-cold  cloths  to  the  affected  side,  and  even  the 
ice-bag  may  be  employed  with  advantage. 

Two  vital  indications  in  treatment  are — to 
support  the  heart  and  keep  it  going,  and  to 
prevent  clotting  of  the  blood. 

The  first  indication  is  met  by  ordering  digi- 
talis or  strophanthus,  in  full  doses,  singly  or 
in  combination  with  quinine,  nux  vomica,  or 
strychnine.  Digitalis  is  indicated  when  the 
pulse  is  rapid  and  of  low  tension,  and  when 
the  kidneys  do  not  act  freely.  This  drug  is 
well  borne  in  pneumonia,  and  may  be  pushed. 
By  some  authors  it  is  credited  with  an  almost 
specific  action  on  the  disease.  Strophanthus 
has  the  advantage  of  acting  more  quickly  upon 
the  heart,  and  may  be  given  in  high  tension 
cases.  Another  useful  drug  is  caftein,  given 
as  an  effervescent  citrate  or  hydrobromate,  with 
or  without  10-grain  doses  of  salicylate  of  sodium. 
Caffein  should  be  withheld  late  in  the  after- 
noon and  towards  night  lest  wakefulness  should 
result.  In  threatened  heart  failure  hypodermic 
injections  of  strychnine  (TjV'T.r  grain)  every 
eight  or  twelve  hours  often  save  life.  Morphine 
may  be  given  with  it  (^--J-  grain)  if  the  patient 
is  restless  and  sleepless. 

Blood-clotting  may  be  anticipated  by  the 
exhibition  of  neutral  salts,  or  of  carbonate  of 
ammonium  in  5-grain  doses  every  third,  fourth, 
or  sixth  hour.  A  pill  of  3  grains  each  of 
ammonium  carbonate  and  quinine  is  a  suitable 
form.  Aromatic  spirit  of  ammonium  serves 
the  same  purpose ;  in  urgent  cases  it  may  be 
combined  with  digitalis,  Hoffmann's  anodyne 
(compound  spirit  of  ether),  and  tincture  of 
bark.  Inhalations  of  oxygen  give  great  relief, 
and  once  tried  are  often  craved  for  by  the 
patient.  The  mouthpiece  of  the  inhaler  should 
not  be  taken  into  the  mouth,  for  the  con- 
centrated stream  of  oxygen  dries  the  tongue 
and  parches  the  mouth.  The  writer  has  never 
seen  any  harm  from  the  inhalation  of  diluted 
oxygen,  the  nozzle  being  held  a  couple  of  inches 
from  and  below  the  open  mouth. 


For  the  relief  of  cough  the  local  applications 
already  mentioned  should  be  tried.  Sipping 
cold  water  gives  I'elief,  or  half  an  ounce  of  both 
glycerine  and  lemon  juice  may  be  put  into  a 
2-ounce  bottle,  which  should  then  be  filled  with 
water ;  of  this  simple  mixture  a  teaspoonful 
may  be  sipped  occasionally.  To  such  a  mixture 
cherry-laurel  water,  or  syrup  of  codein,  or 
solution  of  morphine,  might  be  added  to  pro- 
duce a  more  decided  sedative  effect.  Sir 
William  Jenner's  cough  mixture  for  phthisis 
should  do  good  in  some  cases,  but  it  is  apt  to 
check  expectoration,  namely  : 

R  Acidi  hydrocyani  diluti,  rrixlviij. 

Liquoris  morphinse  acetatis,  TTLxcvj. 

Syrupi  aurantii,  ad  siij. 
Signa  :  A  teaspoonful,  by  measure,  to 
be  sipped  occasionally. 

For  the  early  headache  and  sleeplessness,  the 
phenazone  and  gelsemium  draught  recom- 
mended in  the  article  on  "  Influenza "  may  be 
prescribed.  The  formula  for  this  magical 
remedy  is  as  follows : — 

R  Phenazoni,  gr.  xij.-xx. 
Tincturse  gelsemii,  n\xx. 
Aquse  chloroformi,  ad  gij. 
Signa  :  One-fourth  part  every  second  or 
third  hour  until  pain  is  eased. 

As  a  rule,  narcotics,  like  opium  or  morphine, 
had  best  be  avoided  in  the  treatment  of 
pneumonia.  They  lock  up  the  secretions  and 
check  expectoration.  Perhaps  an  exception 
may  be  made  in  favour  of  Dover's  powder, 
which  is  useful  when  given  in  a  pill  with  quinine 
and  digitalis  (Niemeyer's  modification  of  Heim's 
pill). 

The  bromides  are  suitable  hypnotics,  ex- 
hibited with  tincture  of  bark.  If  the  heart 
is  strong,  and  early  in  the  attack,  chloral  may 
be  given  in  combination  with  the  bromides  of 
sodium,  potassium,  and  ammonium ;  later  on 
chloral  is  inadmissible  except  in  young  children, 
who  bear  the  syrup  well.  A  teaspoonful  may 
be  prescribed  with  7  drachms  of  simple  syrup 
or  of  aromatic  syrup,  the  doze  being  one  or 
two  teaspoonfuls  of  this  mixture  at  suitable 
intervals. 

Chloralamide  and  bromide  of  potassium, 
of  each  15  to  30  grains,  sometimes  act  well  in 
soothing  and  so  inducing  sleep.  They  may  be 
dispensed  flavoured  with  liquid  extract  of 
liquorice,  or  with  tincture  of  orange  peel  and 
chloroform  water. 

Delirium  is  sometimes  active  in  apical 
pneumonia,  but  it  is  seldom  persistent.  It  is 
allayed  by  whatever  makes  the  patient  less 
restless  and  more  comfortable.  Sipping  cold 
water  for  the  relief  of  thirst,  the  application 
of  cold  compresses  to  the  affected  side,  the 
relief  of  tympanites  or  flatulence  or  constipation, 
the  application  of  warmth  or  cold  to  the  fore- 
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head,  the  use  of  the  menthol  cone  or  of  ice  in 
stroking  the  brow — these  simple  means  should 
in  the  first  instance  be  tried.  Only  when  they 
fail  should  more  active  measures  be  resorted  to. 

In  coincident  bronchial  catarrh,  or  where 
"  piirulent  infiltration "  of  the  lung  is  taking- 
place,  turpentine  is  a  sheet-anchor.  It  may 
be  given  in  the  form  of  capsules,  or  in  punch 
or  mixture.  Turpentine  punch  is  best  made 
by  rubbing  a  little  lemon  rind  on  a  lump  of 
white  sugar,  then  dropping  15  to  20  minims 
of  spirit  of  turpentine  upon  the  sugar,  and 
dissolving  it  in  a  wine-glassful  of  whisky  punch. 

Turpentine  is  prescribed  in  a  mixtui'e  as 
follows : — 

R  Spiritus  terebinthinse,  5iij. 
Ovi  vitellum  unum. 
Tare  at  misce  bene — 

Spiritus  setheris  nitrosi,  3iij. 
Spiritus  chloroformi,  3ij. 
Aquse  menthse  piperitte,  ad  3viij. 
Signa :  Half  an  ounce  to  an  ounce  for 
a  dose. 

Other  complications  must,  of  course,  be  dealt 
with  as  they  arise,  but  on  all  occasions  and  in 
all  circumstances  the  physician  should  re- 
member to  avoid  the  "  nimia  diligentia  medici  " 
in  treating  a  disease  like  pneumonia,  which  so 
pre-eminently  is  periodic,  and  tends  to  get 
well  of  itself,  perhaps  in  spite  of  a  fussy  and 
ill-named  "  heroic  "  treatment. 

Pneumonitis. — Pneumonia  (q.v.) 

Pneumono-.  —  In  compound  words 
pneumono-  (Gr.  Trvfv/jLujv,  the  lungs)  means  re- 
lating to  the  lungs,  pulmonary. 

PneumonOCeie.— Hernia  of  the  lung. 

Pneumonokoniosis.— This  term  (Gr. 
■TTvevfiwv,  lung,  and  kovis,  dust)  is  given  to  all 
the  affections  of  the  lungs  in  which  there  is 
chronic  inflammatory  induration  of  the  pulmon- 
ary tissues  due  to  the  irritation  produced  by 
inhaled  particles  of  coal  dust  (anthracosis),  of 
metals  such  as  iron  or  steel  (siderosis),  or  of  min- 
erals such  as  silica  (chalicosis).  See  Lungs,  Pneu- 
monokoniosis ;  Lung,  Tuberculosis  {Predispos- 
ing Factors). 

PneumonomycosiS.— Disease  of  the 
lungs  due  to  fungi.  See  Lungs,  Parasitic 
Affections  of  {Aspergillosis,  etc.). 

Pneumopericardium.— The  pre 

sence  of  air  or  gas  in  the  pericardial  sac.  See 
Pericardium,  Diseases  of  {Pneumopericardium). 

Pneu  moperitoneu  m.— Thepresence 

of  air  or  gas  in  the  peritoneal  cavity. 

Pneumopyothorax.  —  The  presence 
of  air  and  pus  in  the  pleural  sac. 


Pneumorrhagia.  —  Pulmonary  apo- 
plexy or  haemorrhagic  infarct. 

PneumotllOrax.— The  presence  of  air 
or  gas  in  the  pleural  cavity.  See  Aspiration 
{For  Therapeutic  Purposes);  Mediastinum  {Medi- 
astinal Emphysema) ;  Peritoneum,  Acute  Peri- 
tonitis {Subphrenic  Abscess,  Diagnosis);  Pleura, 
Diseases  of  {Pneumothorax) ;  Pleura,  Surgical 
Affections  of  {Injuries  causing  Pneumothorax) ; 
Typhoid  Fever  {Complications). 

Pneumotomy. — Incision  of  the  lung. 

PneumotOXine.— The  poisonous  albu- 
minoid substance  produced  by  the  pneumococcus 
and  believed  to  be  the  cause  of  many  of  the 
symptoms  of  pneumonia ;  an  antitoxin  {anti- 
pneumotoxine)  is  believed  to  be  present  in  the 
blood  of  the  patients  who  recover. 

Pneumotyphus  or  Pneumo- 

t y  p  ll  O  i  d .  —  Pneumonia  occurring  during 
typhoid  fever  or  pneumonia  due  to  the  typhoid 
bacillus.    See  Typhoid  Fever  {Symptoms). 

Pock. — A  vesicle  or  pustule  such  as  forms 
in  smallpox  or  in  chickenpox ;  also,  the  disease 
in  which  such  an  eruption  appears,  e.g.  the 
great  pox  or  syphilis  and  the  smallpox  or 
variola. 

Podagfra. — Gout,  especially  the  typical 
form  of  the  disease  in  which  the  great  toe  is 
affected  (Gr.  ttoij's,  foot,  aypa,  a  catching).  See 
Gout. 

Podaig'ia. — Pain  in  the  foot,  as  in  gout. 

PodaiiC  Version.— That  form  of  turn- 
ing the  foetus  during  labour  in  which  the  feet 
are  brought  out  first. 

PodenceplialUS.— That  form  of  mon- 
strosity in  which  the  upper  part  of  the  cranium 
is  defective  and  allows  the  contents  to  lie  ex- 
posed ;  median  mero-acrania. 

Podex.  —  The  rump  or  gluteal  regions 
(Lat.  podex,  the  anus  or  fundament). 

Pododynia. — Pain  in  the  foot,  especially 
when  neuralgic  in  kind. 

Podopiiylli  Resina.— Obtained  from 
the  dried  rhizome  of  Podophyllum  peltatum,  the 
American  mandrake  or  May  apple.  It  is  also 
^nown  as.  podophylli7i.  Dose — ^-1  gr.  Prepara- 
tion— Tinctura  Podophylli.  Dose — 5-15  m.  A 
non-official  Tinctura  Podophylli  Ammoniata  is 
also  prepared,  dose — 5-20  m.,  which  has  the  ad- 
vantage that  the  addition  of  water  to  it  does 
not  precipitate  the  resin. 

Podophyllin  is  used  only  for  its  purgative 
action.  In  small  doses  it  is  laxative,  in  large 
ones  cholagogue.  It  is  very  slow  in  its  action, 
and,  if  given  in  combination  with  more  rapidly 
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acting  purgatives,  it  may  be  swept  away  before 
any  effect  has  been  produced.  It  is  especially 
useful  in  biliousness,  sluggish  hepatic  action, 
and  hepatic  cirrhosis.  It  causes  considerable 
griping,  and  should  therefore  be  combined  with 
hyoscyamus  or  some  other  drug  which  will  pre- 
vent this.  It  forms  an  important  constituent 
of  many  "dinner  pills."  In  some  cases  of 
summer  diarrhoea  in  children  and  of  chronic 
diarrhoea  in  adults  minute  doses  of  podophyllin 
frequently  repeated  have  a  beneficial  effect. 

Podophyllum,  Indian.  — In  the 

Indian  and  Colonial  Addendum  to  the  British 
Pharmacopoeia,  the  dried  rhizome  and  roots  of 
Podophyllum  emodi  (under  the  name  of  Podo- 
phylli  Indici  Rhizoma)  as  well  as  the  resin 
obtained  therefrom  {Podophylli  Indici  Resina) 
are  officinal.  From  the  latter  the  Tinctura 
Podophylli  Indici  (dose,  5  to  15  m.)  is  pre- 
pared. Indian  podophyllum  is  used  for  the 
same  purposes  as  the  podophyllum  of  the  B.P. 

Pogrgi's  Corpuscles.  —  Red  blood 

corpuscles,   probably   in   an    immature  state, 

which  "stain  with  basic  dyes  in  the  fresh, 
unfixed  specimen "  {^Da  Costa). 

Pog'Onia.SiS. — The  excessive  growth  of 
the  beard  in  a  man,  or  the  development  of  hair 
on  the  chin  of  a  woman  (Gr.  Trtoyoji/,  a  beard). 

PoikiiO-.  —  In  compound  words  poikilo- 
(Gr.  TToiKiAos,  variegated)  means  irregularly 
shaped  ;  thus  poikilocytosis  means  that  condition 
of  the  blood  in  which  it  contains  poikilocytes  or 
deformed  red  blood  corpuscles  (most  often  the 
deformity  is  crenation,  but  other  irregularities 
are  met  with).  See  Chlorosis  (Pathology, 
Poikilocytosis). 

Point.  —  A  defined  place  or  spot.  See 
M'Burney's  Point. 

Poisoning'.  See  Toxicology;  Pyemia; 
Septicemia  ;  etc. 

Poison  Nut. — A  synonym  of  nux  vomica 
(q.V.). 

Poisons.  —  See  Catheters,  Uses  and 
Dangers  {Septic  Poisoning)  ;  Food  {Effects  of 
eating  Impure  Food) ;  Medicine,  Forensic 
{Post-mortem  Examination  in  Cases  of  Suspected 
Poisoning) ;  Morphinomania  ;  Pregnancy,  In- 
tra-Uterine  Diseases  {Effect  of  Poisons  on  the 
Foetus  and  Placenta) ;  Snake-Bites  and  Poison- 
ous Fishes  {Poisonous  Fish) ;  Toxicology  ; 
Trades,  Dangerous  {Lead-Poisoning,  etc.). 

"  Poker- Back."— Rigidity  of  the  spine 
with  anchylosis  of  the  vertebrfe  due  to  arthritis 
deformans  or  other  disease ;  spondylitis  de- 
formans. 

Polar  Bodies. — The  small  globules  or 
bodies  thrown  off  by  the  ovum  during  the 


process  of  maturation.  See  Foetus  and  Ovum, 
Development  of  {Ripening  of  the  Ovum). 

Pole. — Each  of  the  extremities  of  the  axis 
of  a  body,  either  spherical  or  spheroidal  or 
ovoid,  e.g.  the  crystalline  lens  of  the  eye,  the 
foetus  in  utero  ;  in  electricity  each  of  the  ter- 
minal points  of  a  battery  is  termed  a  pole 
(positive  and  negative). 

Polenta.  See  Pellagra  {Causes,  Maize 
Polenta). 

Policlinic. — Medical  instruction  given  in 
the  houses  of  patients  in  a  town,  or,  more  re- 
cently, in  a  dispensary  or  out-patient  depart- 
ment of  a  hospital  (Gr.  ttoAis,  a  city,  /cAtViy, 
a  bed). 

Pol  iencephal  it  is.  — Inflammation  of 
the  grey  matter  of  the  brain  (Gr.  ttoAws,  grey, 
€y/ce(^aAos,  the  brain). 

Polio-. — In  compound  words  polio-  (Gr. 
TToAtos,  grey  or  hoary)  means  grey. 

Polioencephalomyelitis.— inflam 

mation  of  the  grey  matter  of  the  brain  and 
spinal  cord.  See  Myasthenia  Gravis  {Diag- 
nosis). 

Poliomyelitis..  —  Inflammation  of  the 
grey  matter  of  the  spinal  cord.  See  Paralysis 
{With  Atrophy  of  Muscles,  Acute  and  Subacute 
Anterior  Poliomyelitis).  See  also  Deformities 
{From  Cerebral  and  Spinal  Paralysis). 

PO I  i  O  p  I  as  m . — Granular  protoplasm. 

Poliosis  or  Poliothrix.— Canities  ; 
greyness,  premature  or  senile,  of  the  hair.  See 
Canities  and  Cross  References. 

Politzer'S  Bag-.— An  india-rubber  bag 
used  for  inflating  the  middle  ear,  inflation  so 
produced  being  termed  Politzer's  Method  or 
politzerisation.  See  Ear,  Examination  op  {In- 
flation through  the  Eustachian  Tube). 

Pol  laki  U ria.  —  Abnormal  frequency  of 
micturition  (Gr.  TroAAa/cts,  many  times). 

Pollantin. — A  powder  recommended  for 
the  treatment  of  hay  fever  ;  it  is  applied  directly 
to  the  nostrils  or  conjunctiva ;  it  is  also  used  in 
a  liquid  form ;  and  it  is  said  to  give  relief  in  a 
certain  number  of  cases. 

Pollen. — See  Hay  Fever  {Etiology). 

Pol  lex. — The  thumb;  thus,  many  of  the 
muscles  of  the  hand  have  names  in  which  pollicis 
(of  the  thumb)  is  included,  e.g.  flexor  brevis 
pollicis,  etc. 

Pollution.  See  Water  {Sources  of  Im- 
purity). 

PoltfOOt. — Club-foot,    See  Deformities. 
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Poly-. — In  compound  words  poly-  (Gr. 
uoAiJs,  much,  and  iroWoi,  many)  means  many. 

Polya.denia,. — Hodgkin's  disease,  or 
pseudoleuksemia. 

Polyadenomata.— Polypi,  e.g.  of  the 

stomach. 

Polyadenopathy.— The  disease  of 
several  lymphatic  glands  at  the  same  time. 

Polysemia. — An  increase  in  the  volume 
of  the  blood,  unaccompanied  by  any  change  in 
its  composition  ;  plethora.  See  Leucocyth^mia 
(Changes  in  the  Blood). 

Polysest  hesia. — A  rare  morbid  con- 
dition of  the  skin  in  which  sensation  is  so  dis- 
turbed that  the  point  of  a  pin  is  felt  as  two  or 
more  points. 

Polyarthritis. —  The  affection  of  several 
joints  at  once,  as  in  rheumatism,  which  is  then 
called  polyarticular.  See  Rheumatism,  Rheum- 
atoid Arthritis  [Synonyms). 

PolyaXOn. — A  neuron  with  more  than 
two  axons. 

Polyblast. — The  morula  mass  or  mass 
of  many  cells  due  to  the  segmentation  of  the 
ovum.    See  F(etus  and  Ovum,  Development  of. 

Polyblepharon.— The  presence  of  a 
supernumerary  eyelid  ;  the  membrana  nictitans. 

Polycholia. — Excessive  secretion  of  bile. 
See  Jaundice  {Pathology,  Jaundice  from  Poly- 
cholia). 

Polychromatophilia.  —  A  morbid 

condition  of  the  blood  in  which  "  some  of  the 
corpuscles  lose  their  affinity  for  the  acid  stain, 
and  with  mixtures  of  both  acid  and  basic  dyes 
are  stained  atypically  by  either  or  both  elements  " 
{Da  Costa). 

Polychromia. — The  increased  formation 
of  pigment,  e.g.  of  the  bile.  See  Jaundice 
{Pathology,  Hoematogenous  Jaundice). 

Polyclinic. — This  term  is  sometimes  used 
as  if  it  were  synonymous  with  policlinic ;  but 
its  meaning  is,  strictly  speaking,  an  institution 
in  which  all  kinds  of  diseases  are  gathered 
together  for  the  purposes  of  treatment  and  of 
providing  clinical  instruction ;  the  name  has 
also  been  given,  although  the  use  is  hardly 
accurate,  to  an  institution  in  which  there  are 
none  but  out-patients. 

PolyCOria. — The  presence  of  more  than 
one  pupil  in  the  eye.  See  Iris  and  Ciliary 
Bodies  {Congenital  Abnormalities). 

Polycrotic  Pulse.  — A  pulse  the 

sphygmogram  of  which  shows  several  crests  in 


each    wave.     See    Physiology,  Circulation 

{Characters  of  Pulse  Wave). 

PolycyesiS. — Multiple  or  twin  pregnancy, 
or,  less  often,  frequent  child-bearing. 

Polycystic. — Containing  several  cysts, 
e.g.  an  ovarian  tumour  with  several  separate 
cavities. 

Polycythaemia. — A  morbid  state  of 
the  blood  in  which  the  number  of  red  blood 
corpuscles  {erythrocytes)  is  increased. 

Polydactylism. — The  malformation  in 
which  more  than  the  usual  number  of  digits  is 
present.  See  Deformities  {Hand  and  Fingers)  ; 
Heredity  {Inheritance  of  Polydactylism) ;  Men- 
tal Deficiency  {Diagnosis). 

Polydipsia. — Excessive  thirst. 

Polygalactia. — Excessive  secretion  of 
milk.  See  Infant  Feeding  {Human  Milk, 
Variations  in  Quantity). 

PolygaliC  Acid. — A  glucoside  found  in 

senega  root  {Polygala  Senega). 

Polygenism. — The  theory  that  man- 
kind arose  from  several  independent  pairs  of 
ancestors.    See  Anthropology. 

Polygnathus. — A  form  of  double  mon- 
strosity in  which  the  parasitic  foetus  is  attached 
to  the  jaw  of  the  autosite. 

Polygraph.  See  Pulse  {Pulse  and 
Respiration,  Clinical  Polygraph). 

Polygyria. — The  condition  of  the  brain 
in  which  the  number  of  cerebral  convolutions  is 
increased. 

Polyhsemia.  See  Poly^mia. 

Polyhydramnios. — Excess  of  liquor 
amnii  in  pregnancy.  See  Labour,  Faults  in 
THE  Passenger  {Excess  of  liquor  amnii) ;  Preg- 
nancy, Pathology  of  {Affections  of  Amnion). 

Poly  lobular. — Having  many  lobes,  e.g. 
some  fibroid  tumours. 

Polymastia. — The  presence  of  more 
than  two  mammte  in  the  human  subject.  See 
Mammary  Gland,  Diseases  of  {Congenital 
Anomalies) ;  Teratology  {Malformations  of 
Thorax). 

Polymelia. — The  presence  of  more  than 
the  normal  number  of  limbs,  e.g.  an  accessory 
limb  attached  to  the  thoracic  or  pelvic  girdle. 

Polymerisation. — See  Physiology, 
Food  and  Digestion  {Carbohydrates,  Polymeris- 
ation of  Monosaccharide). 

Polymorphic. — Having  several  forms. 
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e.g.  the  polymorphic  coccus  of  Cedercrentz.  See 
Skin,  Bacteriology  of. 

Polymorphs. — Leucocytes  having  vari- 
ously shaped  nuclei  consisting  of  apparently 
separate  portions ;  polymorphonuclear  leu- 
cocytes. 

Polymyositis.  —  An  inflammatory 
disease  of  the  muscles.  See  Muscles,  Diseases 
of  {Inflammatory). 

Polyneuritis.  See  Nerves,  Peripheral 
{Multiple  Peripheral  Neuritis);  Paralysis 
{Landry's  Paralysis,  Diagnosis). 

Polynuclea.r. — Having  several  nuclei; 
multinuclear. 

PolyoestrouS.  —  Having  a  series  of 
cycles  of  reproductive  activity  {oestrus)  in  the 
same  year,  e.g.  sheep  and  mares. 

Polyopia  or  Polyopsia.— Multiple 

vision,  or  that  morbid  state  of  the  eyes  in 
which  one  object  is  seen  as  two  or  more.  See 
Cataract  {Senile,  Diagnosis). 

Polyorchidy  or  Polyorchism.— 

The  rare  abnormality  in  which  more  than  two 
testicles  are  present.  See  Scrotum  and  Tes- 
ticles, Diseases  of  {Abnormalities). 

Polyorrhomenitis  or  Polyorro- 

menitiS. — Suppuration  or  tuberculosis  affect- 
ing several  serous  membranes ;  Concato's  Dis- 
ease. See  Peritoneum,  Tuberculous  Periton- 
itis {Varieties). 

Polyotia..  See  Ear,  External,  Diseases 
OF  {Malformations  of  Excess,  Cervical  Auricles). 

Polyparesis.  —  Paresis  affecting  many 
muscles  ;  general  paresis  or  paralysis. 

Polypeptides.  See  Physiology,  Proto- 
plasm {Synthesis  of  the  Products  of  Disintegra- 
tio7i). 

Polyphag^ia. — Excessive  appetite  for 
food  ;  bulimia.    See  Appetite  {Increase  of). 

Polypharmacy. — The  use  of  many 
drugs  in  the  treatment  of  disease. 

Polyphrasia. — Verbosity,  especially  in 
insanity ;  logorrhoea. 

Polyphyodont.— That  form  of  dentition 
in  which  there  is  a  continuous  succession  of 
teeth  throughout  life ;  it  is  not  found  as  high 
as  the  mammalia,  mammals  and  man  being 
diphyodont  (having  two  sets). 

Polypncea. — Rapid  or  panting  respira- 
tion. 

PolypOSia.  —  A  passionate  desire  for 
drinking ;  dipsomania. 


Polypotome  or  Polyptome.— An 

instrument  for  removing  a  polypus  {q.v.). 

Polypus.  —  A  rounded,  pear-shaped,  or 
branched  tumour,  usually  provided  with  a 
pedicle,  springing  from  a  mucous  or  serous 
surface.  See  Ear,  Middle,  Chronic  Suppura- 
tion {Complications,  Polypi) ;  Heart,  Myocar- 
dium AND  Endocardium  {Morbid  Process,  Throm- 
bosis in  Heart) ;  Mole,  Molar  Pregnancy 
{Placental  Polypus) ;  Nose,  Diseases  op  Nasal 
Orifices  and  Septum  {Benign  Tumours  of 
Nasal  Fossm) ;  Nose,  Accessory  Sinuses,  In- 
flammation of  {Pathology) ;  Rectum,  Diseases 
of  {Polypus  Recti) ;  Umbilicus,  Diseases  of 
{Tumours) ;  Uterus,  Non-malignant  Tumours 
of  {Polypi). 

Polysaccharid.  See  Physiology, 
Food  and  Digestion  {Carbohydrates,  Polysac- 
charids). 

Polysarcia. — Obesity  {q.v.) 

Polyserositis.    See  Polyorrhomenitis. 

Polysomia. — The  teratological  state  in 
which  two  foetuses  (complete  or  imperfect)  are 
united  together ;  fused  twins. 

Polyspermy.  —  The  entrance  of  more 
than  one  spermatozoon  into  the  ovum  in  im- 
pregnation ;  it  is  one  of  the  alleged  causes  of 
double  monsters. 

Polystichia. — The  arrangement  of  the 
eyelashes  in  two  or  more  rows. 

Polythelia. — The  presence  of  more  than 
two  nipples  (one  on  each  mamma)  in  the  human 
subject ;  the  accessory  nipple  may  be  on  the 
chest,  in  the  axilla,  or  on  the  abdomen.  See 
Mammary  Gland,  Diseases  of  {Congenital 
Anomalies,  Polymastia). 

PolytOCOUS.  —  Producing  numerous 
offspring,  or  prolific. 

Polytrichia. — Excessive  hairiness.  See 
Hirsuties. 

Polyuria. — The  excessive  secretion  and 
excretion  of  urine.  See  Brain,  Tumours  of 
{Localising  Symptoms,  Uriiie);  JIysteria  {Organs 
of  Secretion,  Kidneys) ;  Kidney,  Surgical  Affec- 
tions OF  {Movable  Kidney,  Symptoms) ;  Kidney, 
Surgical  Affections  of  {Traumatic  Nephritis, 
Sympitoms) ;  Kidney,  Surgical  Affections  op 
{Renal  Tubercidosis,  Symptoms) ;  Micturition 
{Frequency) ;  Ocular  Muscles,  Affections  of 
{Paralysis,  Etiology,  Position  of  Lesion) ;  Urine, 
Pathological  Changes  in  ( Variations  in  Quan- 
tity). 

Pomegranate  Bark.    See  Granati 

Cortex. 

Pompholyx. — A  vesicle  on  the  skin,  or  a 
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cutaneous  disease  characterised  by  the  eruption 
of  vesicles,  fever  being  absent  (Gr.  ■n-o/A<^oXv|,  a 
bubble). 

Pomum  Ad  ami.  — Adam's  apple,  the 
fanciful  name  given  to  the  projecting  angle 
formed  by  the  meeting  of  the  two  alee  of  the 
thyroid  cartilage  of  the  larynx  in  the  neck. 

Ponfick's  Corpuscles  or  Sha- 
dows.— Colourless  blood  corpuscles  or  "phan- 
toms "  produced  by  morbid  changes  in  the 
erythrocytes ;  Hayem's  achromacytes. 

Ponog'raph. — An  instrument  for  estimat- 
ing and  registering  sensitiveness  to  pain  (Gr. 
TTwos,  pain). 

PonoS  (ttovos,  suffering,  pain)  is  a  peculiar 
endemic  disease,  affecting  young  children  only, 
occurring  in  the  Greek  islands  of  Hydra  and 
Spezia  off  the  coast  of  Argolis.    The  disease  is 
characterised  by  marasmus,  enlargement  of  the 
spleen  (usually),  and  a  characteristic  odour  of  the 
urine.    The  mortality  is  very  great,  either  from 
the  marasmus,  haemorrhage,  or  general  collapse. 
Roser  first  directed  attention  to  this  disease  in 
1835,  and  Pallas  called  attention  to  the  hsemor- 
rhagic  phenomena  and  their  resemblance  to  those 
of  scurvy  in  1842,  but  it  was  not  until  1871  that 
the  disease  was  generally  recognised  by  Grecian 
physicians.    It  is  probably  not  so  frequently 
met  with  now  as  it  once  was.    Its  origin  is 
unknown.    Jeannopoulos  thought  it  was  due  to 
malarial  infection,  but  this  is  not  so.  Climate 
and  season  have  no  influence  upon  its  produc- 
tion, nor  has  the  constitution  of  the  soil.    It  is 
met  with  in  rich  and  poor  alike,  and  food  and 
water  seem  to  have  no  effect  in  its  production. 
But  it  seems  to  be  limited  to  certain  families, 
and  is  popularly  supposed  to  be  due  to  heredi- 
tary conditions,  or  at  any  rate  to  congenital 
predisposition,  for  the  parents  of  children  suffer- 
ing from  this  disease  are  usually  found  to  have 
suffered  from  some  serious  disease,  especially 
tuberculosis.    Karamitsas  held  that  the  disease 
was  a  kind  of  splenic  leukaemia,  but  this  view 
is  not  supported  by  either  the  symptoms  during 
life  or  the  post-mortem  appearances.  Hirsch 
describes  it  as  a  constitutional  affection  deeply 
rooted  in  errors  of  nutrition.    Scheube  considers 
that  the  disease   much   resembles   the  liver 
cirrhosis  met  with  in  India.    In  all  probability 
some  parasite  will  eventually  be  found  to  be  its 
cause.    The  duration  of  the  disease  varies  from 
two  or  three  months  to  one  or  two  years.  It 
is  rarely  seen  in  children  over  four  years  of  age, 
and  Stephanos  considers  it  rather  more  common 
in  boys  than  in  girls.    Of  the  pathology  of  the 
disease  we  are  quite  ignorant. 

The  symptoms  of  ponos  vary.  The  child 
suffers  from  fever  of  an  intermittent  or  irregular 
type,  fluctuations  from  first  to  last ;  if  it 
assumes  the  character  of  hectic  fever,  death 


nearly  always  results  ;  the  child  becomes  feeble, 
pale,  emaciated,  disinclined  to  play,  but  the 
appetite  is  usually  good ;  it  may  indeed  become 
ravenous.  Pari  passu  the  spleen  enlarges  and 
is  painful  as  a  rule,  and  it  is  this  pain  which 
gives  the  name  to  the  disease,  but  in  some 
cases  it  is  entirely  absent,  although  the  spleen 
is  greatly  enlarged.  Constipation  is  the  rule 
at  first,  followed  later  on  by  diarrhoea,  some- 
times severe.  From  the  first  and  throughout 
the  disease  the  urine  has  a  peculiar  character- 
istic penetrating  odour,  and  bronchial  catarrh 
usually  obtains  throughout  the  whole  course  of 
the  disease.  After  the  onset  of  diarrhoja,  oedema 
occurs,  followed  by  ascites  and  sweating ;  and 
then  haemorrhage  from  the  nose,  bowels,  and 
especially  from  the  gums,  occurs,  together  with 
ecchymoses  of  the  skin.  Pneumonia,  menin- 
gitis, and  peritonitis  are  apt  to  complicate 
matters,  and  lead  to  a  speedily  fatal  termina- 
tion of  the  disease. 

Treatment.  —  This  is  unsatisfactory.  If  the 
child  is  attacked  when  very  young  a  good  wet- 
nurse  should  be  procured.  Good  food  and 
tonics,  such  as  iodide  of  iron,  quinine,  iron,  are 
indicated ;  change  of  air  should  be  advised, 
and,  on  the  bare  chance  that  the  disease  may 
be  possibly  combined  with  a  scorbutic  element, 
plenty  of  ripe  fruit  should  be  given. 

Dr.  George  I.  Williamson,  of  Larnaca,  Cyprus, 
writing  of  ponos,  says :  "  I  have  for  some  con- 
siderable time  been  on  the  outlook  here  for 
cases  that  might  be  so  classified,  but  have  never 
met  with  any.  Many  cases  of  malarial  fever 
in  infants  seem  to  closely  resemble  the  disease 
as  described,  say,  in  Hanson's  Trojncal  Diseases. 
From  inquiries  made,  I  find  that  ponos  has 
never  been  even  suspected  to  exist  in  Cyprus. 
Dr.  Trepis,  of  Larnaca,  a  native  of  Hydra, 
writes  me  that  the  older  medical  men  of  that 
island  considered  ponos  to  be  tubercle  of  the 
mesenteric  glands  and  peritoneum,  and  that  the 
inhabitants  thought  it  contagious  and  infectious, 
as  many  children  of  the  same  family  were 
frequently  attacked ;  he  adds  that  he  does  not 
know  how  the  disease  is  now  considered  by  the 
doctors  of  Greece,  but  his  own  idea  is  that  it  is 
not  a  disease  per  se." 

I  have  lately  come  across  an  article  on  ponos 
written  by  Dr.  Jeannopoulos,  who  practised 
in  Spetsee  for  a  considerable  number  of  years  : 
his  article  appeared  in  a  Greek  medical  journal 
in  1879,  and  so  is  of  earlier  date  than  the  de- 
scriptions by  Karahistsa  (1880)  and  Stephanos 
(1881).  Jeannopoulos,  whose  article  I  have 
lately  translated  from  the  original  Greek,  con- 
siders the  most  suitable  name  to  be  septic 
marsh  fever  (eA.oyevr/s  TT-uperos  <T7^7re8ovj?Sijs),  the 
title  ponos  (which  he  considers  given  by  reason 
of  the  gangrene  frequently  noted)  appearing 
unsuitable,  as  the  terms  ttovos  and  -rrovepa  are 
used  throughout  Greece  for  any  sore  or  wound. 
His  idea  as  to  etiology  is  that  a  marsh  miasm 
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from  the  large  marsh  Berberonta  is  carried  by 
the  wind  to  Hydra  and  Spetsee,  the  sea  being 
a  good  conductor  of  this  miasm,  which  is,  how- 
ever, impeded  by  the  presence  of  hills. 

He  mentions  as  symptoms  the  following — 
Beginning  as  an  ordinary  intermittent  fever,  it 
later  becomes  irregular ;  loss  of  strength  and 
appetite,  swelling  of  abdomen,  chai'acteristic 
septic  odour  of  urine,  straw  colour  of  face  and 
body ;  enlargement  of  spleen,  but  not  of  liver ; 
necrosis  of  the  jaws,  especially  the  upper. 
Duration — months,  not  weeks. 

Microscopically — no  increase  of  leucocytes. 

Boys  and  girls  attacked  equally  often. 

Diagriosis. — From  dentition,  leuksemia,  mal- 
arial fever. 

Treatment.  —  Quinine,  good  food,  nursing, 
wine,  cauterisation  of  gangrenous  patches. 

Pons.  See  also  Auditory  Nerve  and 
Labyrinth  (^Localisation  of  Lesion  in  Nerve-Deaf- 
ness) ;  Brain,  Physiology  of  {Blood-Supply  of 
Pons) ;  Brain,  Affections  op  Blood-Vbssels 
( Vascular  Lesions  of  Pons)  ;  Brain,  Tumours  op 
(Pons). — ^Lesions  of  the  pons  are  of  interest  to 
the  practitioner  in  at  least  two  directions. 
Firstly,  in  cases  where  there  is  a  gross  lesion  of 
the  pons  of  a  nature  demonstrable  to  the  naked 
eye,  e.g.  tumour  growth ;  and  in  the  second 
place  there  is  a  wider  group  of  so-called  nervous 
cases  where  some  of  the  symptoms  present  are 
directly  traceable  to  disturbance  in  this  part 
of  the  central  nervous  system.  For  the  due 
appreciation  of  either  case  we  must  have  a 
clear  conception  of  the  physiology  of  the  part, 
noting  specially — 

1.  The  part  which  the  pons  plays  as  the 
transmitter  of  motor  impulses  from  the  brain 
cortex. 

2.  Its  function  as  a  transmitter  of  sensory 
impressions  from  the  periphery. 

3.  The  function  of  its  grey  matter  as  the 
nuclei  of  origin  of  the  cranial  nerves,  especially 
the  5th,  6th,  and  7th,  and  the  close  relationship 
of  the  6th  nucleus  to  the  nucleus  of  the  3rd 
nerve,  whereby  a  lesion  of  the  nucleus  of  the 
6th  nerve  is  attended  by  paresis  or  paralysis  of 
that  nerve,  and  also  paresis  of  the  internal 
rectus  muscle  on  the  other  side  (Conjugate 
Paralysis). 

Bearing  these  in  mind  we  will  readily  under- 
stand how  a  localised  lesion  in  this  region  may 
produce  very  definite  symptoms  of  a  unilateral 
or  bilateral  nature ;  and  if  we  bear  in  mind 
that  the  fibres  of  the  facial  nerve  decussate  in 
the  lower  half  of  the  pons,  at  a  level  lower  than 
the  crossing  of  the  pyramidal  tract,  we  will 
understand  how  a  condition  of  alternate  or 
crossed  paralysis  (vide  vol.  i.  p.  496)  may  be 
bi'ought  about. 

The  diagnosis  of  a  localised  lesion  in  the  pons 
is  as  a  rule  fairly  easy,  and  is  made  from  a 
study  of  the  positive  and  negative  symptoms 


present  in  each  case  (see  art.  on  "  Brain, 
Tumours  of,"  vol.  i.  p.  486).  It  is  much  more 
difficult,  and  frequently  impossible  in  cases  of 
a  more  general  nature,  to  determine  how  far 
the  various  motor  or  sensory  disturbances  are 
due  to  lesions  in  the  pons  rather  than  to  disease 
in  a  region  above  or  below  that  level.  And, 
fortunately,  in  most  cases  the  differential  diag- 
nosis is  immaterial.  The  cause  of  the  difficulty 
lies  in  the  tendency  for  the  occurrence  of  wide- 
spread vascular  disease  in  these  cases.  Some 
diseases,  for  long  regarded  essentially  lesions  of 
the  nervous  system,  are  now  looked  upon  as 
more  of  the  nature  of  a  general  toxaemia  with 
the  chief  local  incidences  in  the  nervous  system, 
where  the  toxic  agencies  at  work  have  exerted 
their  influences  primarily  on  the  blood-vessels. 
In  view  of  this,  in  all  so-called  nervous  cases, 
more  especially  those  of  an  ill-defined  nature, 
it  is  well  to  carefully  consider  how  far  the 
anomalous  symptoms  may  be  due  to  vascular 
lesions  in  the  pons  or  other  part  of  the  central 
or  peripheral  nervous  system.  This  can  only 
be  determined  by  a  careful  study  of  the  history 
and  condition  of  each  case,  and  in  some  cases 
the  diagnosis  of  such  vascular  lesions  can  only 
be  arrived  at  by  a  process  of  exclusion.  The 
lesions  of  the  pons  met  with  in  cases  of  cerebral 
hfemorrhage  and  in  cases  of  bulbar  paralysis 
are  referred  to  in  their  special  sections  (vol.  i. 
p.  458,  and  vol.  vii.  p.  300). 

PontiCUlUS.  —  A  small  ridge  on  the 
cranial  aspect  of  the  cartilage  of  the  external 
ear. 

Pontresina,.  »S^ee  Therapeutics,  Health 
Resorts  (Switzerland). 

Poplitea.1. — Belonging  to  the  hollow  at 

the  back  of  the  knee  (Lat.  poples,  the  ham) ; 
the  muscle  in  this  region,  therefore,  is  called 
the  popliteus.  See  Aneurysm  (Popliteal) ;  Ar- 
teries, Ligature  op  (Popliteal) ;  Knee-Joint, 
Diseases  of  (Bursce  in  the  Popliteal  Space) ; 
Lymphatic  System  (Glands) ;  Nerves,  Peri- 
pheral (Diseases  of  Special  Spinal  Nerves) ; 
Syphilis  (Tertiary,  Vascular  System,  Popliteal 
Artery). 

Poppy.    See  Opium. 

Popula,tion.      See  Vital  Statistics 

(Population). 

PorCUpineDisea.se.  /See  Ichthyosis 
(Ichthyosis  Hystrix). 

PorencephaiUS. — A  state  of  defective 
development  (congenital  or  acquired)  of  the 
cerebrum,  consisting  in  the  presence  or  forma- 
tion of  small  spaces  or  depressions,  some  of 
which  may  open  into  the  ventricles.  See  Athe- 
tosis (Morbid  Ayiatomy) ;  Mental  Deficiency 
(Congenital  Cases,  Porencephalic). 
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Poretta,.  See  Balneology  {Italy,  Sulphur 
Waters). 

Porocephalus  Constrict  us.  See 

Parasites  {Arthropods,  Arachnoidea). 

PoroplastiC. — The  name  given  to  a  kind 
of  porous  felt  which  becomes  plastic  when  heated 
and  can  therefore  be  moulded  to  the  body ;  it 
is  used  as  a  splint  in  various  surgical  conditions. 

PorrigCO. — The  name  given  somewhat 
loosely  to  various  skin  diseases  characterised  by 
scaly  eruptions  (Lat.  porrigo,  scurf),  e.g.  porrigo 
favosa  or  favus.    See  Impetigo. 

Porro'S  Operation.  See  Labour, 
Obstetric  Operations  {Ccesareari  Section,  Porro's 
Operation) ;  Pregnancy,  Affections  of  Genera- 
tive Organs  {Fibroid  Tumours  and  Pregnancy) ; 
Pregnancy,  Hemorrhage  {Accidental  HcBmor- 
rhage,  Treatment). 

Porta.— The  hilus  or  "  gate  "  of  an  organ, 
through  which  the  vessels  and  other  structures 
enter  the  organ,  e.g.  the  po7-ta  hepatis,  while  the 
vein  entering  the  porta  hepatis  is  called  the 
portal  vein  or  vena  portoe. 

Portal  Vein.  See  Ascites  {Causation, 
Portal  Cirrhosis,  etc.) ;  Liver  {Portal  Throm- 
bosis). 

Porte-Caustique.~An  instrument  for 
applying  caustic  {e.g.  nitrate  of  silver)  to  a  part 
of  the  body,  e.g.  the  corpus  or  cervix  uteri. 

Porter-Clark's  Process.— A  method 

of  removing  hardness  from  water  by  adding 
hydrated  calcium  oxide  and  removing  the  pre- 
cipitate by  filtration  through  canvas  under 
pressure. 

Portio. — A  part,  e.g.  the  cervix  uteri,  and 
portio  dura,  the  facial  nerve  (the  auditory  nerve 
being  the  portio  mollis). 

Portobello.  See  Therapeutics,  Health 
Resorts  {Scotch). 

Portug^al.  See  Balneology  {Spain  and 
Portugal). 

Port-Wine  Mark.  See  Capillaries, 
Diseases  of  {Ncevus). 

PoruS. — A  small  opening  or  pore,  e.g.  the 
porus  opticus,  through  which  the  central  artery  of 
the  retina  passes. 

Position.— The  posture  or  attitude  into 
which  a  patient  is  put  for  purposes  of  examina- 
tion or  operation  {e.g.  the  genu-pectoral  position, 
the  hthotomy  position,  Sims'  position,  etc.) ;  or 
the  relation  which  the  foetus  in  utero  bears  to 
the  pelvis  of  the  mother  {e.g.  the  left  occipito- 
anterior  position,   the    right  mento-posterior 
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position,  etc.).  See  Labour,  Diagnosis  and 
Mechanism  {Positions). 

POSOlOg'y. — The  department  of  medicine 
which  has  to  do  with  the  dosage  of  drugs.  See 
Prescribing  ;  Metric  System  ;  and  under  the 
various  drugs. 

Possession. — The  mental  state  associ- 
ated with  wildness  or  extravagance  of  behaviour 
or  with  actual  insanity ;  the  name  originated  in 
the  old  belief  that  a  person  so  affected  was 
possessed  by  a  demon  or  evil  spirit.  See  In- 
sanity, Nature  and  Symptoms  ;  Lunacy  ; 
Medicine,  History  of  ;  etc. 

Post-.  —  In  compound  words  post-  (Lat. 
post,  after  or  behind)  means  after  (in  time)  or 
behind  (in  space),  e.g.  post  -  choreic  (following 
chorea),  post-embryonic  (after  the  embryonic 
stage  is  past),  postanal  (behind  the  anus),  post- 
ethmoid  (behind  the  ethmoid  bone),  and  many 
other  words. 

Postapoplectic  Insanity.— insan- 
ity following  upon  an  apoplectic  seizure.  See 
Insanity,  Nature  and  Symptoms  {Etiological 
Varieties). 

Postcentral. — Situated  behind  the  cen- 
tral fissure  (fissure  of  Rolando)  of  the  brain,  e.g. 
the  sulcus  postcentralis  inferior,  the  postcentral 
line,  etc. 

Post  Cl  i  m  acte  ri  C— Occurring  after  the 
climacteric  or  menopause,  e.g.  postclimacteric 
metrorrhagia,  postclimacteric  insanity,  etc. 

PostCOnnubial.— Occurring  after  mar- 
riage, e.g.  postconnubial  insanity ;  postnuptial. 

PostCUbital.— Situated  behind  the  fore- 
arm. 

Postd  i  astO  I  i  C. — Following  the  dilatation 
or  diastole  of  the  heart. 

Postd  i  erotic.  —  Occurring  after  the 
dicrotic  wavelet  of  the  sphygmographic  tracing. 
See  Pulse  {Sphygmograms). 

Postdiphtheritic.  —  Following  diph- 
theria, especially  as  a  sequel  of  the  same,  e.g. 
postdiphtheritic  paralysis.  See  Diphtheria 
{Complications). 

PostenteriC. — Occurring  after  typhoid 
fever.    See  Typhoid  Fever  {Sequelae). 

Postepileptic. — Occurring  after  an 
attack  of  epilepsy.  See  Epilepsy  {Prognosis, 
Mental  Degeneration). 

POSterO-. — In  compound  words  postero- 
means  posterior  to,  and  appears  in  such  words 
Sispostero-external,  postero-lateral,  postero-median, 
postero-temporal,  etc. 

Postfebrile. — Following  fever. 
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Postglenoid.  —  Situated  behind  the 
glenoid  fossa  of  the  temporal  bone,  e.g.  the 

postglenoid  tubercle. 

POStgronorrhoeal.  —  Occurring  after 
gonorrhoea,  e.g.  postgonorrhoeal  arthritis,  rheum- 
atism, or  synovitis.  See  Joints,  Diseases  of 
{Gonorrhoeal) ;  Rheumatism,  Chronic  {Etiology). 

Posthemipleg'iC.  —  Following  hemi- 
plegia ;  postapoplectic.    See  Hemiplegia. 

Posthitis. — Inflammation  of  the  prepuce 
(Gr.  TToarOrj,  membrum  virile). 

Post  ho  I  it  h. — A  preputial  calculus. 

Posthyoid. — Situated  behind  the  hyoid 
bone. 

Posthypnotic— Following  the  hypnotic 

state,  e.g.  a  posthypnotic  suggestion). 

Postma.ture.  —  Over-ripe,  e.g.  a  post- 
mature  foetus  is  one  born  after  the  full  term 
of  pregnancy. 

Post-mortem  Methods. 

Part  I 

Method  of  performing  a  Post-mortem 

Examination. 
Rules  of  Procedure — 

Personal  .        .        .        .        .  .194 

Technical         .        .        .        .  .195 

Instruments  and  Accessories        .  .195 
Post-mortem  Examination     .       .  .195 
External  Appearances      .       .  .195 
Examination  of  Cavities  — 
Abdomen — • 

Ge  neral  Examination  of  Organs  in  situ  196 
Removal  of  Viscera — 

Intestine      .        .        .        .  .197 

Spleen  198 

StoTnach  .....  199 
Duodenum  .  .  .  .  .199 
Pancreas  .  .  .  .  .199 
Liver  .        .        .  .  .199 

Kidneys  and  Suprarenals      .        .  201 

Male  Pelvis  202 

Female  Pelvis  202 

Thorax — 

Pleurce  204 
Pericardium    .  .        .  .204 

Heart  204 

Lwngs     ......  205 

Saving  up  Cavities  ....  207 

Spinal  Cord      .....  207 

Head — 

Examination  of  Brain  .  .  .  208 
Method  of  closing  the  Head       .       .  210 

Part  II 

A.  Preservation  of  Tissues  and  Organs — 

1.  Spirit.       .....  210 

2.  Formalin    .        .        .        .  .210 

3.  Preservation  of  Natural  Colours  .  210 


B.  Preparation    op   Tissues  for  the 
Microscope  — 

1.  Scrapings    .        .        .        .  .211 

2.  Sections — 

(a)  Fixation:       .        .        .  .211 
Formaldehyde,  Alcohol,  Corrosive 

Sublimate      .        .        .  .211 
(5)  Hardening,    Embedding,  and 

Section-cutting:        .        .  .212 
Gum  and  Sugar,  Paraffin,  Cel- 
loidin        .        .        .  .212 
(c)  Staining  and  mounting  of  Sec- 
tions :    .....  213 
Picro-carmine,  Hmmatoxylin  213 

C.  Bacteriological  Investigation — 

Staining  of  Bacteria  .  .  .214 
Deductions   .        .        .        .  .216 

Cultivation  of  Bacteria  .  .  .217 
Deductions   .        .        .        .  .218 

This  subject  will  be  treated  in  two  parts :  the 
first  describing  the  method  of  performing  a 
"  post-mortem "  and  of  recognising  the  more 
important  diseased  conditions  which  may  be  met 
with ;  the  second,  describing  methods  of  pre- 
serving tissues  and  of  preparing  them  for  histo- 
logical or  bacteriological  examination.  By  the 
former  one  can  hope  to  demonstrate  only  gross, 
macroscopic  lesions,  but  even  with  this  in  view 
the  examination  must  be  carried  out  in  a  careful, 
systematic  manner.  In  many  cases  a  definite 
diagnosis  can  only  be  arrived  at  after  a  further 
histological  or  bacteriological  investigation. 

Part  I 

Method  of  performing  a  Post-mortem 
Examination 

Rules  of  Procedure,  and  Precautions  to  be 
observed. — Personal. — Before  commencing,  ex- 
amine the  hands  and  wrists  carefully  for  recent, 
wounds. 

Minute  wounds  which  cannot  otherwise  be  dis- 
tinguished may  be  rendered  manifest  by  the 
localised  smarting  produced  by  dipping  the 
hands  into  weak  solutions  of  ammonia  or  for- 
maldehyde ("formalin"). 

If  wounds  exist,  they  must  be  sealed  up  with 
a  solution  of  celloidin  in  equal  parts  of  alcohol 
and  ether.  This  is  preferable  to  flexile  col- 
lodion, as  it  adheres  better  to  the  skin.  If  this 
be  not  deemed  sufficient  protection,  thin  rubber 
gauntlets,  which  must  be  absolutely  water-tight, 
may  be  worn. 

Anoint  the  hands  and  wrists  with  antiseptic 
vaseline,  and  wipe  the  palms  so  that  the  knife 
will  not  slip. 

If  the  hands  be  cut  during  an  operation,  the 
wound  should  be  encouraged  to  bleed  by  squeez- 
ing it  under  a  stream  of  cold  water,  or  by 
suction,  then  washed  with  a  strong  antiseptic 
and  sealed  with  celloidin.  If,  soon  after,  such 
a  wound  become  hot  and  tender,  indicating 
infection,  it  should  be  opened  up,  painted  with 
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tinct.  iodi.  B.P.,  and  a  moist  carbolic  dressing 
applied.  Immediate  treatment  often  prevents 
grave  consequences. 

During  the  course  of  the  operation  keep  the 
hands  moist  by  an  occasional  dip  into  cold 
water,  to  which  1  per  cent  lysol,  or  1-2000  cor- 
rosive sublimate  may  be  added.  Blood  and  dis- 
charges must  never  be  allowed  to  dry  on  the 
skin. 

On  completion  of  the  sectio,  wash  the  hands 
thoroughly  in  cold  water,  preferably  under  a 
tap,  using  a  nail-brush  to  remove  all  blood  or 
discharges ;  secondly,  in  cold  water  with  soap ; 
then  in  hot  water  with  soap.  Finally,  soak  in 
1*20  carbolic  acid,  2  per  cent  lysol,  or  1*1000 
corrosive  sublimate  solutions,  and  wipe  dry. 

To  deodorise  the  hands  the  best  medium  is  a 
weak  solution  of  "  Sanitas  "  in  water. 

Operative  and  Technical. — In  all  post-mortem 
examinations  system  and  cleanliness  must  be 
insisted  on. 

If  possible,  secure  good  light,  preferably  day- 
light. 

In  making  incisions,  always  cut  away  from, 
never  towards,  the  other  hand,  or  the  hands  of 
an  assistant,  and  in  laying  down  a  knife  place 
it  at  some  distance. 

As  a  rule  make  long  sweeping  cuts  with  the 
belly  of  the  knife,  drawing  it  through,  rather 
than  pressing  it  into  the  tissues. 

Use  sharp  knives.  Blunt  knives  are  danger- 
ous, as  more  force  is  required,  and  this  is  apt 
to  make  the  knife  slip,  with  the  attendant 
dangers. 

If  an  organ  is  worth  preserving  make  as  few 
incisions  into  it  as  possible,  consonant  with  the 
attainment  of  the  desired  information. 

If  a  bacteriological  examination  be  necessary, 
inoculations  should  be  made  at  once  into  suit- 
able media,  or  the  organ  conveyed  whole  to  the 
laboratory,  so  that  its  investigation  may  begin 
as  soon  as  possible. 

Instruments  and  Accessories  required 
Knives  : — 

One  strong  "cartilage"  knife,  for  making 
the  skin  incision,  and  cutting  through  the 
costal  cartilages. 
One  or  more  strong  scalpels. 
One  curved,  prob-pointed  bistoury. 
One  long  amputation  or  "brain"  knife  for 
making  sections  of  organs. 
Bowel  scissors. 
Sharp  pointed  scissors. 

In  place  of  the  two  last,  one  pair  of  scissors 
may  be  used,  with  blades  two  to  three  inches 
long,  one  probe  pointed,  the  other  sharp. 

A  strong  saw  ;  cutting  bone-forceps ;  strong 
dissecting  forceps ;  chisel  and  mallet. 

Two  strong  needles  curved  in  half  their 
length. 

Sti-ong  thin  cord  or  "  Dutch  "  twine. 

The  above  are  essentials,  and  they  or  their 


equivalents  are  to  be  found  in  the  armament- 
arium of  every  practitioner. 
The  following  may  be  added  : — 

Lion  forceps ;  syringe  with  fine  nozzle ; 
measure  glass ;  cones  for  measuring  the 
diameters  of  orifices ;  measuring  tape  or 
foot-rule  ;  balance  and  set  of  weights. 

Method  op  performing  a  Post-mortem  Ex- 
amination.— The  following  description  applies 
to  cases  in  which  the  whole  body  is  to  be  ex- 
amined. Frequently  the  examination  is  only 
partial,  as  necessitated  by  the  requirements  of 
diagnosis  or  the  wishes  of  the  relatives. 

After  laying  out  the  instruments  likely  to  be 
required,  and,  if  in  private,  disposing  sheets  or 
newspapers  so  as  to  catch  any  blood  or  dis- 
charges, the  first  thing  to  be  done,  after  noting 
the  name,  age,  date  of  death  and  post-mortem, 
is  to  make  an  external  examination. 

External  Examination 
In  special  cases  measure  the  length  of  the 
body  and  its  girth  at  the  shoulders.    It  is 
seldom  necessary  to  weigh  the  body. 

Note  muscular  development  and  state  of 
nutrition. 

Rigor  mortis. — It  is  well  at  this  stage  to 
ascertain  the  presence  and  extent  of  rigor 
mortis,  as  subsequent  movement  of  the  body 
may  abolish  it  in  the  neck  and  limbs. 

Rigor  mortis  is  a  certain  sign  of  death,  and 
is  caused  by  the  coagulation  of  the  myosin  of 
the  muscle  fibres.  Under  ordinary  circum- 
stances it  appears  about  five  or  six  hours  after 
death  in  the  muscles  of  the  head  and  neck, 
extending  later  to  the  trunk,  then  to  the  upper 
and  lower  extremities.  When  decomposition 
commences  it  passes  olf  in  the  same  order,  from 
above  downwards.  Its  onset  and  duration 
depend  on  several  factors,  such  as  temperature 
of  the  air,  cause  of  death,  and  age  of  the 
individual. 

In  dry  cold  weather  its  duration  is  greater,  the 
decomposition  which  abolishes  it  being  delayed. 

After  exhausting  illnesses,  and  those  in  which 
numerous  convulsive  muscular  contractions  have 
occurred,  its  onset  is  earlier  than  usual,  and  its 
duration  short. 

It  begins  earlier  and  passes  off  sooner  in  the 
young  than  in  the  well-developed  adult. 

It  is  often  slight  after  death  from  sepsis,  and 
passes  off  early. 

It  is  practically  never  absent,  though  it  may 
be  almost  imperceptible,  for  example,  in  puny, 
emaciated  infants. 

Examine  the  surface  of  the  body  from  the  head 
downwards  to  the  feet. 

Examine  the  scalp  for  cuts,  bruises,  and 
prominences,  such  as  wens  or  tumour-growth. 
Note  the  condition  of  the  eyes  as  to  promin- 
ence;  subconjunctival  htemorrhage,  pointing  to 
fracture  of  the  bones  forming  the  orbital  cavity  : 
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inequality  of  the  pupils. — These  are  usually  of 
medium  size,  and  equal. — Note  the  presence  of 
eruptions  on  the  face  and  around  the  mouth. 

Note  escape  of  blood  or  discharges  from  the 
nose,  mouth,  or  ears.  Bleeding  from  the  ears 
is  usually  present  in  fracture  of  the  base  of  the 
skull.  If  the  blood  come  from  the  nose  or 
mouth  it  may  signify  rupture  of  an  aneurysm 
into  the  air  passages  or  oesophagus ;  htemor- 
rhage  into  the  stomach ;  hsemorrhage  from  the 
mucous  membrane  of  the  nose,  nasopharynx, 
or  mouth  ;  or,  fracture  of  the  base  of  the  skull. 

Discharge  of  pus  from  the  ear  would  draw 
attention  to  the  condition  of  the  middle  ear 
and  mastoid  cells,  and  suggest  the  possibility 
of  secondary  intra-cranial  suppuration. 

Passing  from  the  head  to  the  tnmik  and  ex- 
tremities, one  has  to  note  the  presence  of  wounds 
and  scars,  with  their  probable  date,  oedema  of 
the  surface,  congenital  marks  and  malforma- 
tions, discolorations,  disfigurations  from  accident 
or  otherwise. 

Discolorations  may  be  of  the  following 
varieties :  tattoo  marks ;  pigmentation  in  con- 
nection with  chronic  ulcers,  or  the  result  of  the 
occupation  of  the  deceased ;  bruises  and  ecchy- 
moses  ;  hypostatic  lividity  ;  and  discolorations 
due  to  decomposition.  The  last  three  are  of 
importance. 

Ante-mortem  bruising  is  distinguished  by  a 
permanent  discoloration  which  cannot  be  re- 
moved by  pressure.  If  the  part  be  incised  the 
blood  is  seen  to  have  escaped  from  the  vessels, 
and  to  lie  in  the  surrounding  tissues. 

Post-mortem  lividity  is  a  reddish  or  purplish 
discoloration  occurring  usually  in  dependent 
parts  of  the  body,  for  example  in  the  skin  of 
the  back  when  the  body  is  lying  with  the  face 
upwards.  Over  bony  points  the  skin  is  com- 
pressed and  lividity  is  absent,  and  it  can  be 
removed  from  other  parts  by  pressure.  It  is 
caused  by  the  blood-serum  containing  dissolved 
blood-pigment  soaking  out  from  the  vessels  into 
the  surrounding  tissues.  As  a  general  rule 
lividity  is  greatest  in  cases  where  the  blood 
remains  fluid,  for  example,  in  pronounced  septic 
cases,  or  in  cases  of  asphyxia  due  to  accident  or 
resultant  on  other  diseases.  In  septicaemia  and 
other  morbid  conditions  in  which  there  has  been 
breaking  down  of  the  blood  corpuscles  setting 
free  the  pigment,  the  lividity  may  be  general, 
and  the  superficial  veins  are  distinctly  mapped 
out,  forming  a  close  purplish  network. 

In  ordinary  cases,  after  twenty-four  to  thirty- 
six  hours,  signs  of  decomposition  appear  over  the 
abdomen  as  a  greenish  discoloration  of  the  skin. 
This  is  due  to  the  action  of  sulphuretted  hydro- 
gen and  ammonium  sulphide  upon  iron  com- 
pounds, black  sulphides  being  produced  in  the 
subc  utaneous  tissues.  This  discoloration  appears 
earlier  over  the  site  of  suppurations  in  the  tissues 
or  cavities  of  the  body. 

The  surface  of  the  abdomen  in  women  who 


have  borne  children,  or  in  great  distension  from 
other  causes,  and  that  of  the  thighs  and  mammse 
in  fat  women,  may  show  nvimerous  small  silvery 
scars  —  "striae  gravidarum"  or  "lineae  albi- 
cantes " — due  to  stretching  of  the  skin. 

Enlarged  glands  in  the  neck,  axilla,  or  groin 
may  be  felt  readily  through  the  skin. 

In  rickets  in  children  the  "  rickety  rosary," 
formed  by  thickening  at  the  costo-chondral 
articulations,  is  readily  made  out,  and  at  the 
same  time  the  ends  of  the  long  bones  are  en- 
larged from  the  excessive  proliferation  of  the 
cartilage  cells  at  the  epiphyses. 

Examination  of  the  Body  Cavities 

The  Thorax  and  Abdomen  are  usually  ex- 
amined before  the  Head.  To  open  them  a 
median  incision  is  made  through  the  skin  and 
superficial  structures  from  the  cricoid  cartilage 
to  the  symphysis  pubis,  passing  to  one  side  of 
the  umbilicus.  The  knife  must  be  held  with  a 
full  grip — never  as  one  holds  a  pen — and  the 
arm  kept  rigid,  the  movement  being  at  the 
shoulder  rather  than  at  the  wrist  or  elbow,  and 
the  cut  being  made  with  the  belly  of  the  knife. 

After  making  this  preliminary  incision  dissect 
down  carefully  in  the  epigastrium  until  on 
cutting  through  the  peritoneum  the  liver  comes 
into  view  ;  then,  inserting  two  fingers  of  the 
left  hand  downwards  into  the  abdomen  along 
the  line  of  the  skin  incision,  draw  the  abdominal 
wall  upwards  and  cut  downwards  between  the 
fingers,  opening  up  the  cavity  completely.  If 
more  room  be  required  below,  cut  across  the 
insertions  of  the  recti  abdominales  from  the 
peritoneal  aspect. 

Take  hold  in  turn  of  the  edges  of  this  incision, 
and,  pulling  the  flaps  outwards,  with  bold 
sweeps  of  the  knife  reflect  the  whole  of  the 
superficial  soft  parts  from  the  thoracic  walls 
and  costal  margins  as  far  as  the  nipple  lines. 

On  first  opening  the  peritoneum  gas  may 
escape  from  the  cavity,  indicating  perforation 
of  the  intestine ;  escape  of  large  quantities  of 
fluid  points  to  ascites. 

Note  oedema  of  the  subcutaneous  tissue,  and 
any  morbid  change  in  the  muscles — pallor, 
fatty  or  hyaline  degeneration. 

Note  the  position  and  relationships  of  the 
abdominal  contents ;  the  height  of  the  diaphragm 
— normally  on  a  level  with  the  fourth  right  and 
the  fifth  left  ribs ;  the  relationship  of  the  edge 
of  the  liver  to  the  costal  mai'gin,  crossing  it  nor- 
mally in  the  nipple  line  at  the  level  of  the  ninth 
right  costal  cartilage.  This  relationship  may  be 
altered  by  change  in  the  size  of  the  liver,  or  by 
alteration  in  the  height  of  the  diaphragm  caused 
by  increase  or  decrease  in  the  volume  of  the 
thoracic  or  abdominal  contents.  Note  any 
irregularity  of  the  surface  of  the  liver  caused  by 
cirrhosis,  syphilitic  cicatrices,  or  tumour-growth. 

Passing  downwards,  note  the  extent  of  stomach 
wall  visible,  the  amount  normally  visible  not 
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exceeding  six  to  nine  square  inches.  Note  the 
position  and  appearance  of  the  colon  and  great 
omentum,  the  latter  being  greatly  thickened 
and  shortened  in  certain  cases  of  tubercular 
peritonitis,  and  showing  a  varying  amount  of 
fat  even  in  health.  Then,  raising  the  omentum, 
along  with  the  transverse  colon,  over  the  costal 
margins,  look  for  general  or  partial  distension 
or  contraction  of  the  intestines,  and  if  present 
find  out  whether  the  conditions  have  relation  to 
a  stricture  or  other  obstruction — tumour  or 
hernia — or  be  simply  due  to  irregular  peristalsis. 
Lymph,  blood,  pus,  or  fluid  faeces  may  be 
present  between  the  coils  of  intestine,  the  last 
indicating  perforation  of  its  walls.  The  coils 
of  intestine  near  the  gall-bladder  usually  show 
post-mortem  staining  with  bile. 

Diverticula  may  be  found  in  connection  with 
the  small  intestine,  for  example  Meckel's,  con- 
nected to  the  ileum  eighteen  inches  to  three 
feet  above  the  ileo-caecal  valve.  False  diverticula 
are  simply  the  exaggerated  pouchings  of  the 
large  intestine  met  with  in  cases  of  faecal 
loading. 

Peritonitis. — The  only  indications  of  periton- 
itis may  be  general  congestion  and  dulling  of 
the  surface. — In  hypostasis  the  posterior  coils 
are  congested,  and  the  surface  bright. — In 
peritonitis  there  is  usually,  however,  a  variable 
amount  of  lymph  lying  on  the  surface,  or 
forming  prismoidal  collections  between  adjacent 
loops  of  intestine.  The  lymph  may  be  simple, 
puriform,  or  may  have  organised,  producing 
recent  or  old,  general  or  localised,  adhesions 
between  coils  of  intestine,  or  between  visceral 
and  parietal  peritoneum. 

The  older  these  adhesions  are  the  less  easily 
are  they  broken  down.  In  general  tubercular 
peritonitis  they  contain  small  or  large  caseous 
nodules. 

Localised  peritonitis  may  occur  on  the 
surfaces  of  the  liver  or  spleen,  round  an 
appendicitis,  or  in  the  pelvis  in  the  female. 

As  a  result  of  old  peritonitis  bands  of  fibrous 
tissue  may  pass  from  one  part  of  the  peritoneal 
surface  to  another,  forming  loops  in  which 
internal  herniae  may  form. 

Int^issusception  is  a  condition  in  which  a 
portion  of  intestine  is  drawn  downwards  into 
another  part,  forming  a  firm,  sausage-shaped 
mass  which,  if  unrelieved,  becomes  gangrenous. 
The  entering  bowel  becomes  adherent  by  peri- 
tonitis to  the  orifice  of  the  ensheathing  bowel. 

"  Agonal "  intussusceptions  are  occasionally 
found  in  children.  They  are  usually  multiple, 
only  occur  in  the  small  intestines,  and  are 
distinguished  by  the  absence  of  inflammation, 
and  by  the  fact  that  the  entering  bowel  can  be 
readily  disengaged. 

Volvulus  is  a  condition  in  which  a  sigmoid 
flexure  with  long  meso-colon  becomes  twisted 
on  itself,  causing  obstruction. 

In  gangrene  of  the  intestine — for  example,  in 


strangulated  hernia — the  bowel  becomes  dark, 
livid,  or  greenish  brown,  and  dull  on  the 
surface. 

Note  thickening,  localised  or  diffixse,  in  the 
mesentery — the  former  due  to  enlarged  glands, 
the  latter  to  tuberculosis,  sarcoma  of  glands,  or 
mesenteric  abscess. 

Before  removing  the  abdominal  organs  it  is 
well  at  this  stage  to  open  the  thorax  in  order 
to  examine  the  serovis  cavities,  and  to  make  a 
general  examination  of  the  lungs  and  heart, 
particularly  as  to  volume.  If  this  be  omitted 
the  blood  will  drain  away  when  the  abdominal 
vessels  are  cut  across,  and  the  relationship  of 
the  thoracic  organs  will  be  disturbed. 

For  directions  refer  to  the  method  of  opening 
the  thorax  described  later  {see  p.  204). 

This  being  done,  remove  the  abdominal  viscera 
in  the  following  order,  which  experience  has 
shown  to  give  the  most  satisfaction. 

Removal  of  Viscera. — In  the  first  place  remove 
the  small  intestine.  Taking  up  a  coil,  separate, 
with  a  sharp  knife,  the  mesentery  at  its  attach- 
ment to  the  bowel,  and  continue  this  until  the 
whole  small  intestine  is  free.  Then  cut  it 
across  between  double  ligatures  placed  at  the 
upper  end  of  the  jejunum  and  three  inches 
above  the  ileo-caecal  valve. 

It  may  be  examined  at  once. 

In  miliary  tuberculosis  the  serous  surface 
presents  numerous  grey  pin-head  tubercles. 
These  may  be  "  general  "  throughout  the  peri- 
toneum, or  localised  to  the  base  of  ulcers  of  the 
Peyer's  patches,  which  shine  through  the  wall 
as  dark  purplish  areas.  They  must  not  be 
confounded  with  miliary  cancer  nodules,  which 
are  usually  larger,  often  bile-stained,  and  are 
usually  surrounded  by  a  narrow  zone  of  con- 
gestion. 

Next,  placing  the  intestine  in  a  sink  or 
large  basin,  remove  the  ligatures  and  flush  it 
with  a  stream  of  cold  water,  and  with  the 
scissors,  the  blunt  blade  being  inserted  into  the 
bowel,  cut  it  open  along  the  line  of  attachment 
of  the  mesentery.  The  Peyer's  patches  are 
thus  uninjured,  being  placed  opposite  to  that 
line. 

Examine  the  mucous  membrane  for  conges- 
tions and  haemorrhages,  catarrhal  enteritis, 
ulceration — typhoid,  tubercular,  or  follicular — 
perforations,  or  for  waxy  degeneration  in  cases 
of  chronic  suppuration  and  phthisis  pulmonalis. 

In  catarrhal  enteritis  the  mucous  membrane 
is  congested,  especially  over  the  valvulae  con- 
niventes,  thickened  and  covered  with  tenacious 
mucus. 

In  typhoid  ulceration  the  whole  of  the  Peyer's 
patch  is  affected,  hence  the  ulcer  is  usually 
longitudinal,  with  sharply  cut,  thin  edges.  The 
solitary  glands  are  also  affected.  The  floor  of 
the  ulcer  is  formed  of  the  inner  circular  muscu- 
lar coat. 

In  tuberculosis  the  ulcer  in  the  Peyer's  patch 
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is  irregular,  with  sinuous,  worm-eaten  outline 
and  thickened  edges.  It  tends  to  spread  round 
the  bowel  like  all  other  chronic  ulcers.  The 
floor  is  irregular  and  caseating ;  the  mesentery 
is  usually  thickened  and  shortened.  Miliary 
tubercles  can  always  be  made  out  under  the 
serous  surface. 

In  health  little  if  any  decomposition  occurs 
in  the  small  intestine,  its  functions  being  mainly 
digestive  and  absorbent.  The  faeces  are  fluid  or 
semi-fluid. 

The  LARGE  INTESTINE  may  now  be  removed. 
Placing  the  great  omentum  on  the  stretch 
detach  it  from  the  transverse  colon.  Then, 
commencing  at  the  caput  caecum  detach  the 
colon  and  upper  part  of  the  rectum  by  cutting 
and  tearing  through  their  loose  attachments. 
In  removing  the  ascending  part,  be  careful  not 
to  injure  the  kidney,  or  open  into  the  duodenum 
to  which  it  is  closely  applied. 

Before  dividing  the  rectum  press  its  contents 
upwards,  pass  a  ligature  round  its  lower  part 
and  cut  below  the  ligature.  This  procedure 
prevents  soiling  of  the  pelvis  with  faeces. 

Wash  out  the  large  intestine,  and  cut  it  open 
along  one  of  the  longitudinal  muscular  bands. 
Open  up  the  caput  caecum  and  slit  up  the 
appendix  vermiformis. 

The  orifice  of  the  appendix  normally  admits 
a  probe ;  it  may  be  constricted  or  obliterated. 
The  cavity  may  be  distended  with  mucus  or 
contain  foreign  bodies  or  concretions  resembling 
foreign  bodies.  Its  walls  may  be  ulcerated, 
gangrenous,  or  perforated.  Its  relations  vary 
greatly  under  normal  conditions. 

Catarrh,  with  congestion  of  the  ridges  of  the 
mucous  membrane,  is  commonly  seen  in  the 
large  intestine.  In  infantile  diarrhoea  the 
intestine  may  present  no  morbid  appearance. 
Dysentery  is  characterised  by  fibrinous  deposit 
upon  or  in  the  mucous  membrane,  and  sloughs 
may  form  and  separate.  Tubercular  ulceration 
may  occur  somewhat  similar  to,  but  more 
extensive  than  in  the  small  intestine. 

Syphilitic  ulcers  are  characterised  by  their 
serpiginous  outline,  undermined  edges,  and 
tendency  to  cicatrize.  In  foecal  accumulation — 
for  example,  behind  a  stricture — ulcers  may  be 
foimd  in  the  colon. 

Tumours  of  the  large  intestine  may  be  non- 
malignant  ;  for  example,  fibrous  or  myxomatous 
polypi  and  adenomata.  They  are  more  often 
malignant,  tubular  cancer  being  the  most 
common,  and  occurring  usually  in  the  caecum 
and  at  the  flexures.  The  cancers  proper  are 
occasionally  met  with  in  the  rectum,  rarely 
elsewhere.  Squamous  epithelioma  may  occur 
at  the  anus. 

Mesentery. — Examine  for  enlarged  or  tuber- 
cular glands.  Apart  from  secondary  metastases 
the  only  tumour  to  be  looked  for  here  is  lympho- 
sarcoma, commencing  in  the  retro-peritoneal 
glands.    Other  tumours  are  rare. 


The  Spleen  may  now  be  removed.  Its  normal 
average  weight  in  the  adult  is  6  oz.  Its  average 
length  is  from  5  to  6  inches ;  its  breadth  from 
3  to  4  inches,  and  its  thickness  a  little  over 
one  inch. 

Its  capsule  may  show  adhesions  or  fibrous 
thickening. 

In  atrophy  of  the  spleen  the  capsule  becomes 
wrinkled  and  loose. 

In  chronic  venous  hyperaemia  it  is  enlarged 
in  all  directions,  firm  and  cuts  crisply ;  its  cut 
surface  is  flat,  of  a  dark  plum-colour,  and  shows 
numerous  fibrous  points  and  bands. 

In  acute  hyperaemia  the  organ  is  usually 
enlarged,  soft,  and  on  section  the  pulp  bulges, 
is  soft  and  readily  scraped  away  or  washed 
away  with  a  gentle  stream  of  water.  This  is 
the  "  diffluent "  spleen.  It  indicates  pronounced 
septic  infection. 

In  waxy  change  the  Malpighian  bodies  may 
be  specially  affected — "  sago  "  waxy — or  the 
change  may  be  "  diff"use  "  thro vigh out  the  pulp. 
These  two  varieties  are  usually  combined  to  a 
greater  or  less  extent.  Application  of  a  weak 
solution  of  iodine  colours  the  waxy  parts  a 
deep  mahogany  colour. 

R  Iodine        ...        1  part. 
Potass,  iodide      .       .        2  parts. 
Water        .       .       .    100  parts. 

In  general  tuberculosis,  miliary  or  caseous 
tubercles  may  be  met  with  in  the  spleen. 

The  arteries  of  the  spleen  being  of  the  nature 
of  "end-arteries,"  blockage  of  them,  for  example 
by  an  embolus,  results  in  the  production  of 
a  "  haemorrhagic  infarct,"  which,  if  the  patient 
survive,  becomes  decolorised.  This  is  usually 
wedge-shaped  with  its  base  to  the  surface,  and 
projecting  slightly  upon  it.  Still  later,  the 
infarct  becomes  surrounded  by  contracting  scar 
tissue,  forming  a  groove  on  the  surface. 

Tumours  are  rarely  met  with  in  the  spleen. 

Gummata — tough  necrotic  areas  of  the  con- 
sistence and  colour  of  wet  wash-leather  are 
occasionally  met  with.  The  spleen  may  be 
greatly  enlarged  in  leucocythaemia,  ague,  and 
occasionally  in  rickets. 

Small  accessory  spleens  or  spleniculi  are  often 
present  near  the  spleen,  resemble  it  in  structure, 
and  share  its  morbid  changes. 

Remove  the  liver,  stomach,  duodenum,  and 
pancreas  in  one  mass.  By  so  doing  the  con- 
tinuit}'  of  the  bile  passages  is  conserved. 

Cut  through  the  suspensory  ligament  of  the 
liver,  freeing  the  organ  from  the  diaphragm, 
then  drawing  it  downwards,  isolate  and  ligature 
the  oesophagus  as  far  up  as  possible.  It  is  then 
easy  to  separate  the  organs  above  mentioned 
from  the  posterior  abdominal  wall,  care  being 
taken  not  to  injure  the  suprarenal  capsules, 
particularly  the  right  one,  which  lies  close  to 
the  lower  surface  of  the  liver. 

Placing  the  organs  in  their  natural  position. 
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examine,  firstly,  the  Stomach  and  Duodenum. 
Note  the  size  of  the  stomach  and  presence  of 
thickenings  in  its  walls.  It  is  dilated  in 
stricture  of  the  pylorus,  small  in  stricture  of 
the  cardiac  orifice  or  in  general  scirrhus  of  its 
walls.  Remove  the  ligature  and  allow  the 
contents  to  flow  out  into  some  receptacle. 

These  may  be  food,  mucus,  bile-stained 
material,  clotted  blood,  or  "  coffee-grounds." 

For  investigation  of  poisons,  etc.,  refer  to 
article  on  "  Toxicology." 

Wash  out  the  stomach  and  duodenum,  and 
slit  them  open,  the  former  along  its  greater 
curvature,  the  latter  along  its  convexity.  If 
a  stricture  be  present,  preserve  it  intact. 

Examine  the  mucous  membrane  of  the  stomach. 
Distinguish  post-mortem  digestion  from  gastric 
ulceration.  The  former  occurs  at  the  dependent 
part  of  the  wall,  hence  usually  at  the  cardiac 
end  posteriorly.  The  walls  become  gradually 
thinned  from  digestion  of  the  coats  from  within 
outwards,  and  if  an  opening  exist  in  the  centre 
of  the  thinned  area,  it  has  thin,  frayed-out 
edges. 

Gastric  ulcers  are  rounded,  "punched  out"j 
if  chronic  they  possess  thickened  edges,  and 
are  most  commonly  met  with  near  the  lesser 
curvature  on  the  posterior  wall  towards  the 
pylorus.  Their  base  is  formed  by  submucous 
or  muscular  coat,  or  by  some  subjacent  organ, 
such  as  pancreas,  which  the  ulceration  has 
exposed. 

Hcemorrhage  may  come  from  a  gastric  ulcer  : 
from  ulceration  over  varicose  veins  at  the  lower 
end  of  oesophagus — for  example,  in  cirrhosis  of 
the  liver :  from  rupture  of  an  aneurysm  :  from 
ulceration  of  a  cancer :  or  the  blood  may  have 
been  swallowed. 

In  acute  gastric  catarrh,  the  mucous  membrane 
is  congested,  swollen,  oedematous,  and  covered 
with  tenacious  mucus.  In  chronic  gastric 
catarrh  the  walls  are  thickened,  the  rugae  are 
prominent,  and  numerous  rounded,  mammillated 
prominences  may  be  present. 

Tumours. — Papilloma  at  the  cardiac  orifice ; 
tubular,  hard  and  soft  cancers  at  the  orifices 
or  in  the  body  of  the  organ  are  met  with. 
Tubular  cancers  are  usually  flat,  the  edges  raised 
and  slightly  overhanging,  their  centres  ulcerated. 
Hard  cancers  show  great  and  firm  thickening 
of  the  mucous  and  submucous  coats,  and 
hypertrophy  of  the  muscular  coats ;  they  tend 
to  contract.  Soft  cancers  are  characterised  by 
their  abrupt,  thick,  rampart-like  edges,  their 
fungation,  soft  consistence,  and  great  tendency 
to  ulcerate  in  the  centre.  Carcinoma  of  the 
stomach  may  undergo  colloid  degeneration. 
Squamous  epithelioma  may  spread  from  the 
oesophagus  to  the  cardiac  end  of  the  stomach. 

Duodenum. — Ulcers  similar  to  those  in  the 
stomach  are  not  unfrequently  met  with  in  the 
first  part. 

Catarrhal    inflammation    shows  characters 


similar  to  catarrh  of  the  rest  of  the  alimentary 
tract. 

Stricture  may  occur  at  the  entrance  of  the 
biliary  and  pancreatic  ducts ;  and  tumour 
growth,  non-malignant  or  malignant,  may  also 
occur  there,  the  latter  often  as  an  extension 
from  the  head  of  the  pancreas. 

Lay  the  liver  on  its  upper  surface  and  arrange 
the  duodenum  so  that  no  kinking  of  the  common 
bile-duct  can  take  place,  and  by  pressure  on  the 
gall-bladder  endeavour  to  force  bile  downwards 
into  the  duodenum.  If  it  do  not  pass,  lay  open 
the  bile-ducts  carefully  throughout  their  whole 
length,  and  examine  for  stricture,  compression 
by  scar  tissue  or  tumours,  or  for  the  presence 
of  calculi  blocking  them. 

Next  lay  bare  the  pancreas  from  the  front  ; 
note  its  consistence,  and  any  pronounced  en- 
largement, then  slice  it  longitudinally  to  deter- 
mine whether  any  tumour-growth  be  present, 
and  transversely  to  determine  the  amount  of 
fibrous  tissue  present.  Note  whether  it  be 
softened  and  hsemorrhagic  (hsemorrhagic  pan- 
creatitis) or  show  suppuration  or  gangrene.  It 
is  not  necessary  in  ordinary  cases  to  expose  its 
duct.  Occasionally  the  pancreas  is  found  rup- 
tured in  cases  of  abdominal  injuries.  The 
pancreas  weighs  from  3  to  4  ounces  in  the 
adult. 

The  gastro-hepatic  omentum  may  now  be 
divided  and  the  liver  separated  and  examined. 

The  Liver. — The  normal  average  weight  of 
the  liver  is  3  lb.  5  oz.  in  the  male,  and  2  lb. 
12  oz.  in  the  female.  It  measures  transversely 
from  10  to  12  inches,  antero-posteriorly  from 
6  to  8  inches,  and  its  greatest  thickness  is  from 
3  to  5  inches.  Relatively  it  is  larger  in  the 
child  than  in  the  adult. 

It  is  of  a  chocolate  colour,  and  its  substance 
can  be  distinguished  through  the  capsule,  which 
is  thin,  smooth,  and  glistening. 

The  lobules,  which  vai-y  in  size  from  Jg-  to 
-2V  of  an  inch,  can  be  faintly  distinguished.  On 
the  cut  surface  the  openings  of  numerous  large 
veins  are  seen.  When  laid  on  a  plane  surface 
the  organ  flattens  out. 

Morbid  Conditions. — The  capsule  may  show 
localised  or  general  fibrous  thickening.  The 
surface  may  show  transverse  or  antero-posterior 
grooves,  the  result  of  compression,  for  example 
by  corsets.  The  organ  may  be  displaced  from 
the  same  cause.  It  may  be  ruptured  from 
injury. 

Degenerations  and  Infiltrations  of  the  liver. 

Cloudy  Swelling.  —  This  usually  occurs  in 
death  with  high  temperature.  The  organ  is 
paler  than  normal,  the  capsule  tense,  the  cut 
surface  smooth  and  glistening,  with  the  in- 
dividual lobules  somewhat  enlarged  and  outlined 
by  a  rather  indefinite  pale  zone. 

Fatty  Infiltration. — The  organ  is  enlarged, 
brown  or  orange  in  colour,  the  consistence 
lessened,  the  individual  lobule  much  increased 
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in  size,  and  outlined  by  a  distinct  pale  or  yellow 
zone.  In  fatty  hypertrophic  cirrhosis  the  organ 
is  greatly  enlarged,  and  may  be  of  a  canary 
yellow  colour  throughout. 

Waxy  or  Amyloid  Disease.  —  The  organ  is 
greatly  enlarged,  its  consistence  is  firm,  and  it 
preserves  its  shape  when  removed  from  the 
body.  It  is  pale,  translucent,  and  of  a  pinkish 
grey  colour.  The  lobules  may  be  outlined  by  a 
yellow  zone  of  fatty  infiltration.  The  edge  of  a 
section  remains  sharp.  The  lobule  is  greatly 
increased  in  size,  measuring  to  J  of  an  inch, 
and  the  intermediate  zone  is  marked  out  as  a 
distinct,  greyish,  translucent  ring.  Application 
of  the  iodine  test  (vid.  spleen)  renders  the  waxy 
change  very  evident. 

Fatty  Degeneration.  —  The  organ  is  smaller 
than  normal,  the  capsule  apparently  thickened, 
and  is  wrinkled.  The  organ  is  soft,  very  friable, 
of  a  dull  orange  colour ;  the  lobule  may  show 
a  ring  or  spot  of  a  yellower  colour,  according 
as  the  central  or  peripheral  zone  is  affected. 
Either  zone  may  show  the  change,  the  former 
quite  as  often  as  the  latter. 

In  chronic  venous  hypermmia  the  central  zone 
of  the  lobule  is  marked  out  as  a  dark  brown 
spot.  This  gives  a  mottled  appearance,  "  nut- 
meg liver,"  to  the  organ.  It  is  much  enlarged 
and  may  be  firmer  than  normal.  The  condition 
results  from  chronic  valvular  disease  of  the 
heart. 

Multilohnlar  Cirrhosis. — In  this  condition  the 
surface  of  the  liver  is  covered  with  rounded  pro- 
jections, varying  in  diameter  about  from  one- 
twentieth  of  an  inch  to  about  one-fifth  of  an 
inch.  Separating  them  is  a  network  of  shallow 
grooves,  caused  by  indrawing  of  the  capsule  by 
scar  tissue  formed  along  the  portal  vessels.  On 
section  a  similar  network  is  seen  of  pinkish  grey 
colour  separating  opaque  orange  coloured  islets 
of  liver  tissue.  The  organ  is  usually  diminished 
in  size,  but  may  not  weigh  less  than  normal. 
The  condition  gives  rise  to  ascites  and  chronic 
venous  hypersemia  in  the  portal  venous  system. 

Monolohular  Cirrhosis. — The  organ  is  usually 
increased  in  size,  the  capsule  smooth  or  only 
slightly  wrinkled,  and  the  newly  formed  fibrous 
tissue  is  made  out  with  difficulty,  as  the  net- 
work it  forms  is  finer,  enveloping  individual 
lobules. 

In  acquired  syphilis  gummata  may  form  in 
the  liver.  Congenital  syphilis  is  associated  with 
a  diffuse  fibrosis  of  the  liver. 

In  acute  yellow  atrophy  the  organ  is  much 
lessened  in  size  and  flabby,  the  capsule  being 
wrinkled.  On  section  it  shows  alternating 
yellow  and  rusty  red  patches. 

Suppuration. — Tropical  abscesses  are  usually 
single  and  of  large  size,  and  the  liver  substance 
shows  degenerative  changes. 

Abscesses  from  other  causes  are  usually  small 
and  multiple  ;  they  may  be  part  of  a  general 
pyaemia,  of  a  pyaemia  confined  to  the  portal 


system,  or  may  result  from  a  suppurative  in- 
flammation of  the  bile-ducts  {cholangitis). 

Tuberculosis.  —  Miliary  tubercles  occur  as 
minute  grey  points  best  seen  under  the  capsule. 
Caseous  tubercle  occurs  as  small  yellow  points 
or  larger  bile-stained  softening  areas. 

Parasites. — The  most  common  parasite  is  the 
cystic  stage  of  the  Taenia  echinococcus — the 
"hydatid  cyst." 

The  cyst  wall  is  formed  of  thin  laminae,  of  a 
material  resembling  the  boiled  white  of  a  duck's 
egg.  It  is  smooth  and  glistening  on  its  outer 
surface,  but  granular  on  its  inner  surface.  It 
usually  contains  secondary  cysts.  In  one 
variety  the  secondary  cysts  form  in  the  tissue 
round  the  primary  cyst,  producing  the  "multi- 
locular"  hydatid. 

The  important  nexo-growths  are  malignant,  and 
may  be  primary  or  secondary.  The  former  may 
be  single,  the  latter  are  practically  always 
multiple.  They  may  be  of  the  nature  of  cancers 
— hard,  soft,  or  tubular,  non-pigmented  or  pig- 
mented, or  they  may  be  sarcomata. 

In  Imrd  (scirrhus)  cancer  the  nodules  are 
usually  of  firm  consistence,  and  have  a  sharp 
outline.  They  tend  to  retract  rather  than 
degenerate  towards  their  centre,  so  that  an 
appearance  of  hollowing  or  "  umbilication  "  may 
be  produced  on  the  surface.  This  is,  however, 
by  no  means  confined  to  the  hard  cancers. 

In  the  soft  cancers  (medullary  or  encephaloid) 
the  tumour  is  usually  rounded,  soft,  and  spongy. 
It  tends  to  degenerate  early  in  its  centre. 

In  tubular  cancer  (malignant  adenoma)  the 
nodules  are  usually  numerous,  rather  irregular 
in  outline,  on  the  surface  showing  more  variega- 
tion of  colour  than  the  others,  for  example, 
pink,  yellow,  and  creamy  areas.  In  this  variety, 
especially,  the  liver  is  greatly  increased  in  size. 

The  sarcomata  are  usually  secondary,  may  be 
cerebriform  in  appearance  and  consistence  — 
round-celled  sarcoma — or  firmer  and  fasciculated 
— spindle-celled  sarcoma. 

The  pigmented  (melanotic)  tumours  are  neces- 
sarily secondary,  and  are  readily  distinguished 
by  their  sepia  coloration.  If  the  primary 
tumour  be  discernible,  this  will  settle  their  epi- 
thelial or  connective  tissue  origin.  Usually, 
however,  microscopic  examination  is  necessary. 

Resume 

The  liver  is  diminished  in  size  in — 

Fatty  degeneration,  simple  atrophy,  acute 
yellow  atrophy,  late  multilobular  cirrhosis,  and 
often  in  cancer  of  the  pyloric  end  of  the  stomach. 

It  is  increased  in  size  in — 

Cloudy  swelling  (slightly) ;  fatty  infiltration, 
unilobular  cirrhosis  especially  with  fatty  change ; 
waxy  disease  ;  chronic  venous  congestion ; 
cancer ;  occasionally  in  early  multilobular  cir- 
rhosis and  in  obstruction  of  common  bile-duct. 
It  is  also  enlarged,  but  irregularly,  in  abscess 
formation,  and  in  presence  of  hydatid  cysts. 
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The  substance  is  paler  than  normal  in — 
Cloudy   swelling;   fatty   changes;  waxy 
disease ;  cirrhosis. 
It  is  darker  than  normal  in — 

Chronic  venous  congestion  ;  in  pigmentary 
conditions  and  tumours. 
Its  consistence  is  softer  in — 

Fatty  changes ;  acute  yellow  atrophy. 
Its  consistence  \^  firmer  in — 

Cirrhosis ;  waxy  disease ;  late  stages  of 
chronic  venous  congestion  ;  fibrosis  from 
syphilis  or  other  cause. 

The  only  organs  now  left  in  the  abdomen  are 
the  kidneys  and  suprarenal  capsules. 

The  latter  are  not  usually  examined  closely, 
unless  for  some  reason  or  other  attention  is 
specially  directed  to  them. 

They  may  show  waxy  degeneration  along  with 
other  organs,  where  chronic  suppurations  or 
tertiary  syphilitic  conditions  exist.  They  are 
the  seat  of  tubercular  caseation  in  Addison's 
disease,  and  occasionally  show  tumour-growth, 
usually  secondary.  In  cases  of  toxaemia  the 
medulla  may  become  so  soft  that,  in  removal 
from  the  body,  it  breaks  down,  and  the  organ 
comes  to  resemble  a  cyst  bounded  by  the  more 
resistant  cortex. 

The  Kidneys  must  always  be  carefully  examined. 

To  remove  a  kidney,  cut  through  the  peri- 
toneum at  its  outer  margin  and  peel  it  oif  the 
surface,  then  raise  the  organ  out  of  its  bed, 
separating  the  structures  surrounding  it  until 
it  is  attached  only  by  its  vessels  and  ureter. 
Cut  these  across  at  some  distance  from  the 
hilum,  noting  whether  any  fluid  escapes  from 
the  ureter,  and  if  so,  its  character,  whether  clear 
or  turbid.  If  the  ureter  or  ureters  be  dilated, 
it  is  advisable  to  remove  the  whole  urinary 
tract,  including  part,  at  any  rate,  of  the  corpus 
spongiosum  urethrse,  particularly  if  stricture  of 
the  urethra  be  suspected. 

After  examining  the  surface  and  noting  ab- 
normal firmness  of  perinephric  fat,  presence  of 
perinephric  abscess,  or  congestion  of  the  surface, 
cut  it  open  from  the  outer  margin  inwards 
towards  the  hilum,  being  careful  not  to  injure 
the  hand  holding  it.    Then  examine  in  order — 
Capsule. 
Cortex. 
Medulla. 

Renal  pelvis  and  ureter. 
In  normal  conditions  in  the  male  the  left 
kidney  weighs,  on  an  average,  5|-  ounces,  the 
right  kidney  5|  ounces,  in  the  female  being 
about  half  an  ounce  lighter.  The  left  is  usually 
longer  and  narrower  than  the  right,  but  this 
distinction  does  not  always  hold,  and  one  has  to 
determine  the  side  of  the  excised  kidney  by 
the  position  of  the  structures  entering  and 
leaving  its  hilum ;  the  vein  is  in  front,  the 
artery  in  the  middle,  and  the  ureter  behind  and 
at  its  lower  part. 


If  fat  surround  it,  it  should  separate  easily. 
The  capsule  is  thin,  translucent,  and  when  a 
section  of  the  organ  is  made  should  strip  readily. 
On  the  cut  surface  the  cortex  should  bear  to 
the  medulla  a  relationship  of  about  one  to  three, 
and  should  be  of  a  dull,  brownish  colour,  but 
paler  than  the  medulla. 

In  children  a  lobated  arrangement  is  apparent 
up  to  about  the  third  year,  and  on  section  the 
interpyramidal  cortex  may  also  be  separated 
into  two,  each  part  in  connection  with  its  own 
pyramid.  This  condition  may  persist — "foetal 
lobulation." 

The  two  kidneys  may  be  connected  at  their 
lower  part  by  kidney  substance  or  by  a  fibrous 
band.  This  is  the  "  horse-shoe  kidney."  The 
ureters  always  pass  in  front  of  the  connecting 
bridge.  The  malformation  does  not  interfere 
with  fimction. 

If  one  kidney  becomes  functionless  the  other 
undergoes  compensatory  hypertrophy. 

A  uniform  cystic  transformation  exists  in  the 
congenital  cystic  kidney. 

If  a  sharply  circumscribed  area  of  an  otherwise 
functionating  kidney  be  cystic,  it  usually  indi- 
cates an  adenomatous  new-growth. 

If  scattered  cysts  exist  in  a  firm,  functionating 
kidney,  they  are  retention  cysts,  due  to  disease 
(chronic  interstitial  inflammation)  of  the  organ, 
or  to  other  causes  obstructing  the  tubules. 

General  Characters  of  Disease  in  the  Kidneys. 
— A  soft,  flabby  kidney  indicates  parenchy- 
matous change. 

A  kidney  of  firm  consistence  indicates  an 
interstitial  change. 

A  very  easily  stripped  capsule  indicates  a 
parenchymatous  change. 

A  thickened  and  adherent  capsule  indicates 
interstitial  change  of  some  standing.  In  re- 
moving it,  portions  of  kidney  substance  adhere 
to  it. 

A  thickened  subcapsular  cortex  usually  indi- 
cates parenchymatous  change,  particularly  if 
pale,  or  patchy,  or  yellow. 

A  thickened  inter-pyramidal  cortex  is  usually 
present  in  interstitial  inflammation. 

An  atrophied  cortex,  associated  with  adherent 
capsule,  indicates  chronic  interstitial  inflam- 
mation. 

Marked  increase  of  fat  round  the  pelvis 
indicates  atrophic  changes  in  the  kidney  such 
as  occur  in  chronic  interstitial  nephritis,  or 
arterio-sclerotic  atrophy. 

Yellow  spots  in  the  kidney  substance,  sur- 
rounded by  a  zone  of  congestion,  are  suppurative 
in  origin. 

Grey  or  yellow  spots,  without  a  zone  of 
congestion,  are  tuberculous  in  origin. 

Distinct  dilatation  of  the  pelvis  of  the  kidney 
— hydronephrosis — occurs  only  from  obstruction 
below  in  the  urinary  passages.  Unilateral 
hydronephrosis  results  from  obstruction  or 
stricture  of  the  ureter  corresponding.  Bilat- 
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eral  hydronephrosis  occurs  most  commonly  in 
stricture  of  the  urethra  or  phymosis. 

Hydronephrosis  is  to  be  distinguislied  from 
scrofulous  leidney.  In  this  large  areas  of  the 
kidney  have  caseated  and  broken  down  into  the 
pelvis,  so  the  remains  of  the  kidney  boimd  an 
irregular  cavity  with  diverticula,  as  in  hydro- 
nephrosis. Here,  however,  the  cavities  are 
rough-walled,  lined  with  caseous  material,  where- 
as in  hydronephrosis  the  walls  are  smooth,  lined 
with  mucous  membrane.  The  two  conditions 
may  be  conjoined. 

Waxy  or  Amyloid  Disease. — Here  the  history 
of  the  case  helps  greatly  to  a  diagnosis. 

The  waxy  change  occurs  along  with  other 
parenchymatous  or  interstitial  changes  in  old 
chronic  suppurations  and  excavations  of  pul- 
monary tuberculosis,  and  in  tertiary  syphilis. 
The  organ  is  enlarged,  sometimes  very  greatly, 
as  when  the  condition  accompanies  parenchy- 
matous inflammation.  It  is  soft,  pale,  of  a 
light,  pinkish  grey  colour,  with  streaks  and 
patches  of  yellow  in  the  cortex.  The  tips  of 
the  pyramids  are  pale,  the  boundary  layer  still 
remaining  the  darkest  part  of  the  organ.  In 
the  cortex  the  Malpighian  bodies  stand  out 
distinctly  as  translucent  grey  points,  and  the 
iodine  solution  displays  well  the  waxy  glomeruli 
and  straight  vessels. 

When  there  is  accompanying  or  pre-existent 
interstitial  change  the  organ  is  slightly  enlarged, 
firmer  than  normal,  its  general  appearance  on 
section  resembles  that  of  the  other  variety,  but 
the  patchy  pallor  exists  throughout  the  organ, 
the  boundary  layer  being  slightly,  if  at  all, 
redder  than  the  rest  of  the  surface. 

Infarcts  of  Kidney. — These  are  localised  areas 
of  necrosis,  simple  or  suppui'ative,  caused  by 
embolic  blocking  of  an  interlobular  artery.  The 
area  corresponds  to  the  portion  supplied  by  the 
artery.  They  are  pyramidal  in  shape,  the  base 
towards  the  capsule,  and  slightly  raised  above 
its  general  surface.  They  are  pale  and  sur- 
rounded by  a  hsemorrhagic  zone.  Organised 
infarcts  are  seen  as  scars,  causing  a  localised 
adhesion  and  indrawing  of  the  capsule. 

Calculi,  irregular  and  brownish,  may  occur 
in  the  pelvis  of  the  kidney  or  in  the  ureter  at 
its  lower  end,  where  it  enters  the  bladder.  This 
is  the  narrowest  part  of  the  tube. 

With  the  indications  above  mentioned  the 
more  common  morbid  conditions  of  the  kidney 
and  ureter  can  be,  at  all  events  approximately, 
diagnosed  with  the  unaided  eye. 

Abdominal  Pelvis. — In  peritonitis  lymph  or 
pus  may  be  more  evident  in  the  pelvis  than 
elsewhere  in  the  abdomen,  having  gravitated 
there. 

Male  Pelvis. — Examine  the  pouch  of  Doviglas 
for  effusions,  pus,  or  fluid  fseces  which  have 
escaped  from  a  perforation  of  the  bowel. 

Bladder.  —  Note  the  state  of  the  bladder, 
distended  or  empty.    Try  to  express  its  con- 


tents through  the  urethra,  to  show  whether 
this  be  patent  or  strictured.  The  bladder  may 
be  catheterised  or  opened  in  situ,  and  the 
condition  of  the  urine  and  inner  surface  of 
the  bladder  ascertained.  If  the  urine  be 
decomposing  there  is  probably  cystitis. 

Cystitis  is  indicated  by  congestion  of  the 
surface  and  rugee,  which  may  be  covered  with 
tenacious  mucus. 

Examine  the  walls  for  hypertrophy.  In  this 
condition  the  muscular  rugse  are  very  prominent. 
Do  not  confound  this  with  the  apparently 
thickened  and  rugose  walls  of  the  contracted 
bladder. 

Remove  the  bladder,  separating  the  urethra 
from  its  connections  to  the  arch  of  the  pubis, 
and  cutting  it  across  at  the  posterior  part  of 
the  bulbous  portion.  Slit  up  the  bladder, 
prostate,  and  urethra  along  the  anterior  sur- 
face. Examine  the  prostate  for  hypertrophy, 
tumour-growth,  suppuration,  tuberculosis,  or 
calculi. 

In  cases  which  demand  their  examination 
expose  the  vesiculce  seminales  on  the  outer 
posterior  wall,  and  make  sections.  They 
present  a  honeycombed  appearance,  and  contain 
normally  a  clear,  viscid,  slightly  yellow  fluid. 
They  may  be  thickened  and  full  of  pus,  or  may 
show  tubei'culous  change. 

The  7-ectum  is  usually  removed  along  with  the 
bladder,  and  should  be  slit  up  along  its  posterior 
wall.  It  may  show  congestion  and  catarrh, 
or  tumour  growth  ■ —  polypi  (adenomatous), 
the  cancers  proper,  or  squamous  epithelioma. 
Occasionally  non-malignant  stricture  is  met 
with,  for  example,  after  syphilitic  ulceration 
(in  women). 

Remember  that  in  the  rectum  normally  there 
are  two  projecting  semi-lunar  folds  of  mucous 
membrane,  which  must  not  be  mistaken  for  new 
formations. 

Female  Pelvis. — Note  adhesions  from  old 
peritonitis.  These  are  often  seen  crossing  the 
pouch  of  Douglas. 

In  all  cases  in  women  in  which  malignant 
tumours  occur  higher  up  in  the  abdomen, 
particularly  in  the  liver,  look  for  possible 
primary  growth  in  the  uterus  or  ovaries. 

The  body  of  the  uterus  in  the  adult  projects 
about  3  inches  behind  and  '2\  inches  in  front  up- 
wards into  the  pelvis,  the  peritoneum  thus  cover- 
ing it  completely  on  its  posterior  surface,  and  in 
great  part  on  its  anterior  surface.  It  is  about 
2  inches  broad  at  its  fundus  and  about  an  inch 
thick.  The  cervix  uteri  is  not  visible  from  the 
pelvis. 

The  uterus  may  be  enlarged  and  project  into 
the  abdomen  in  pregnancy  and  in  internal 
tumour-growth.  Generally  speaking,  these 
conditions  may  be  distinguished  by  the  position 
of  the  Fallopian  tubes,  which  leave  the  uterus 
high  up  in  the  former  case,  and  low  down  in 
the  latter  case.    Fibroids  of  the  uterus  usually 
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cause  irregular  enlargement  of  the  body  of 
the  uterus,  and  if  sub-serous,  may  form  large 
projections  from  its  surface. 

In  advanced  malignant  new-growths  origin- 
ating in  the  cervix,  the  lower  part  of  the  uterus 
may  be  destroyed,  leaving  an  irregular  cavity 
bridged  across  transversely  by  the  remains  of 
the  fundus  and  the  Fallopian  tubes  attached 
to  it. 

The  Fallopian  tubes  pass  outwards  from  the 
cornua  of  the  uterus  along  the  upper  borders 
of  the  broad  ligament.  They  vary  in  length, 
and  their  outer  extremity,  which  is  fimbriated, 
turns  more  or  less  backwards.  The  outer  end 
may  be  occluded,  leading  to  dilatation  of  the 
tube  with  watery,  purulent,  or  hsemorrhagic 
fluid.  Enlargement  of  the  tube  may  be  due  to 
salpingitis,  tubal  gestation,  or  tumour-growth. 
The  internal  lining  membrane  is  normally 
thrown  into  numerous  longitudinal  folds,  which 
are  most  evident  towards  the  outer  extremity. 
A  small  pear-shaped,  thin-walled  cyst,  the 
hydatid  of  Morgagni,  is  frequently  seen  attached 
to  the  fimbriated  end,  and  is  not  abnormal. 

The  ovaries  are  attached  by  a  fold  of  peri- 
toneum to  the  posterior  surface  of  the  broad 
ligament.  They  are  usually  about  the  size  of 
an  almond  in  its  shell.  In  old  age  they  become 
hard,  atrophied,  and  scarred  on  the  surface. 

In  peritonitis  they  may  be  covered  with 
lymph,  which  may  be  purulent.  If  inflamed, 
they  are  enlarged,  soft,  and  congested,  and  may 
contain  abscesses. 

New-growths  may  be  solid — cancer,  sarcoma, 
fibro-myoma — or  cystic. 

The  cystic  growths  are  important.  They 
may  be  of  great  size  and  weight,  projecting  far 
up  into  the  abdomen. 

They  may  be  of  the  compound  cystic  variety, 
the  cysts  containing  a  glairy,  viscid  fluid,  or 
the  cysts  may  present  papillomatous  ingrowths, 
or  similar  projections  on  their  outer  surfaces. 
In  these  two  varieties  nothing  apparently  is  left 
of  the  ovary.  The  Fallopian  tube  may  not  be 
greatly  altered. 

Large  single  cysts,  over  which  the  Fallopian 
tube  is  stretched,  develop  from  the  parovarium 
—  a  foetal  structure  lying  between  the  ovary  and 
Fallopian  tube.  In  this  case  the  flattened 
ovary  can  iisually  be  made  out  on  the  lower 
wall  of  the  cyst. 

Dermoid  cysts,  full  of  fatty  material,  and 
containing  hair,  teeth,  and  other  representatives 
of  organs,  or  parts  of  organs,  may  develop  in 
the  ovary.  They  are  usually  smaller  than  the 
cysts  already  described. 

Graafian  Follicle. — A  Graafian  follicle,  after 
rupture  in  menstruation,  appears  as  a  brownish 
rounded  cyst  not  larger  than  a  pea,  the  colour 
being  due  to  hfemorrhage  into  the  cyst.  Later 
the  colour  changes  to  yellow — corpus  luteum — 
from  organisation  of  the  clot  and  fatty  degenera- 
tion of  the  epithelium.    Later  still  the  fibrous 


tissue  formed  contracts,  and  a  scar  results. 
The  corpus  luteum  of  pregnancy  is  larger,  and 
may  remain  of  some  size  until  the  end  of 
pregnancy,  whereas  that  of  menstruation  re- 
mains for  a  few  months  only.  Small  cysts  of 
the  ovary  may  result  from  simple  "  dropsy  "  or 
distension  of  a  Graafian  follicle. 

To  examine  the  Uterus  further,  it  is  advisable 
to  remove  it  from  the  body  along  with  a  portion 
of  the  vagina.  The  method  of  procedure  is 
practically  the  same  as  followed  in  removal  of 
the  male  pelvic  organs,  cutting  through  the 
vagina  low  down,  on  the  same  level  as  the 
rectum  and  urethra. 

Open  up  and  examine  the  rectum  as  in  the 
male. 

If  normal,  dissect  it  away  from  the  vagina. 
Then,  if  the  bladder  be  still  attached,  slit  up 
the  vagina  in  the  middle  line  posteriorly. 

Note  presence  of  lacerations  or  ulcerations 
of  its  surface.  If  discharges  be  present  note 
whether  they  come  from  vagina  or  os  uteri. 
Note  amount  of  projection  of  the  cervix  uteri, 
which  is  proportionately  longer  than  normal  in 
"  conical  cervix  "  and  in  infants. 

External  Os. — ^The  nulliparous  os  is  round 
and  smooth  ;  the  parous  os  is  transverse  and 
fissured.  The  mucous  membrane  surrounding 
may  be  red  and  rough — "  erosion  " — or  pro- 
trudes as  a  soft  red  mass,  which  may  be  mis- 
taken for  malignant  disease.  Occlusion  of  the 
OS  is  rare. 

Extensive  destruction  of  the  cervix  occurs 
usually  from  malignant  disease.  Cajicer  may 
be  squamous-celled,  starting  from  the  vaginal 
portion  of  the  cervix,  or  tubular,  starting  from 
the  mucous  membrane  lining  the  cervix,  or  from 
the  glands  opening  on  its  surface.  The  surface 
of  the  tumour  is  usually  very  irregular,  ulcerated, 
or  warty. 

Non-malignant  polypi  of  the  cervix  project 
through  it ;  they  are  glandular  and  small  in 
size.  Fibroids  occur  rarely  in  the  cervix, 
though  pedunculated  uterine  fibroids  may  pro- 
ject through  it. 

Open  up  the  cervix  and  uterus  in  the  middle 
line,  and  extend  the  incision  into  the  Fallopian 
tubes. 

Note  the  consistence  and  thickness  of  the 
uterine  walls. 

The  normal  cervix  is  fusiform  in  shape  and 
rugose  on  its  inner  surface.  Distinction  of 
cervix  from  uterus  is  lost  in  cases  of  recent 
delivery.  It  may  be  elongated  or  hyper- 
trophied. 

The  body  of  the  uterus  may  show  rounded, 
encapsuledj^6ro-7»yo»ta<a — firm  bodies,  on  section 
fasciculated  and  glistening.  They  may  reach  a 
great  size,  and  project  internally  or  externally. 
They  may  become  pedunculated.  The  uterine 
'polypus  is  usually  a  pedunculated  submucous 
fibroid. 

Malignant   disease   of   the   uterus  usually 
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spreads  from  the  cervix,  though  sarcoma  and 
tubular  cancer  may  commence  at  the  fundus. 

In  puerperal  feve7-  the  inner  wall  is  shreddy 
and  covered  with  foul  discharge.  Ulcers  with 
sloughy  base  may  be  present,  or  abscesses  may 
be  present  in  the  uterine  wall.  The  ovarian 
veins  may  contain  purulent  thrombi. 

The  remaining  structures  on  the  posterior 
abdominal  wall  must  now  be  examined.  The 
aorta  may  show  atheroma  or  aneurysm.  In 
psoas  abscess  the  psoas  muscle  is  replaced  by 
a  thick-walled  abscess  cavity,  which  must  be 
followed  up  to  its  origin  in  the  bodies  of  the 
vertebrae.  Clear  the  bodies  of  the  vertebrcB  and 
examine  them  for  fracture,  dislocation,  or  disease. 

Thorax. — The  skin  incision  and  method  of 
clearing  the  front  of  the  thorax  have  already 
been  described  (p.  196). 

Cut  through  the  costal  cartilages  obliquely 
downwards  and  outwards,  beginning  at  the 
second.  The  knife  is  held  nearly  horizontal,  so 
that  when  one  cartilage  is  cut  through,  the  haft 
falls  on  the  next  below,  and  thus  the  medias- 
tinal contents  are  protected  from  injury.  If 
the  cartilages  are  calcified  it  is  better  to  saw 
the  ribs  or  divide  them  with  the  cutting  bone- 
forceps  well  beyond  the  costo-chondral  junctions. 

Lifting  the  lower  end  of  the  sternum,  separate 
the  diaphragm  from  the  costal  cartilages,  and 
free  the  sternum,  keeping  the  knife  close  to  its 
posterior  surface.  With  the  bone-forceps  cut 
through  the  first  rib  cartilage,  and  separate  the 
clavicle  at  its  articulation  with  the  manubrium. 

In  children  the  thymus  gland,  lying  on  the 
upper  surface  of  the  pericardium,  behind  the 
upper  part  of  the  sternum,  and  extending  up 
into  the  thoracic  inlet,  must  be  examined,  and 
any  morbid  appearance  noted.  Then  proceed 
to  examine  the  lungs  and  heart. 

The  Pleurw  are  usually  opened  into  in  re- 
moving the  sternum.  Note  the  presence  in 
them  of  fluid,  general  or  localised,  and  its 
nature ;  exudation  of  lymph ;  adhesions,  recent 
or  fibrous,  and  their  position.  The  fluid,  as  in 
other  serous  cavities,  may  be  clear  and  straw- 
coloured  in  hydrothorax ;  turbid,  containing 
flakes  of  lymph,  in  pleurisy ;  blood-stained  in 
malignant  disease  of  pleura,  e.g.  sarcoma,  or  in 
injury  to  the  chest  wall  or  lung.  It  may  be 
purulent  or  putrid  and  offensive  in  empyema. 

Remove  and  measure  the  fluid.  Normally 
the  pleura  contains  from  half  to  one  ounce  of 
clear  straw-coloured  fluid,  and  its  surface  is 
smooth  and  glistening,  showing  in  the  adult  a 
varying  amount  of  carbon  pigmentation. 

Lymph.- — -On  all  serous  surfaces,  so  long  as 
lymph  can  be  removed,  leaving  a  smooth  and 
shining,  though  congested  surface,  the  inflam- 
mation is  recent.  When  organisation  com- 
mences it  causes  more  or  less  incorporation  of 
the  lymphy  layer  with  the  surface.  Fully 
organised  adhesions  are  practically  non-vascular. 

Next  open  the  Pericardium.    Pinch  up  a  fold 


of  it  and  incise  it  from  base  to  apex.  From  the 
middle  of  this  incision  cut  downwards  towards 
the  right  auricle  so  as  to  expose  the  whole  heart. 

The  contents  may  be  similar  to  those  found 
in  the  pleural  cavities. 

On  the  epicardium  localised,  white  fibrous 
thickenings — "milk-spots"  —  may  be  present. 
Tuberculosis  and  malignant  disease  of  the  peri- 
cardium are  rare  and  practically  always 
secondary. 

The  Heart.  —  Examine  the  heart  in  situ. 
Note  size,  dilatation  of  individual  cavities,  and 
their  proportion  to  each  other.  In  great  dilata- 
tion of  the  right  auricle  the  venous  sinuses  are 
also  distended. 

Remove  the  heart.  Lift  it  by  the  ventricles 
well  out  of  the  pericardial  sac,  and  cut  across 
successively  the  inferior  vena  cava,  left  and 
right  pulmonary  veins,  pulmonary  artery,  aorta, 
and  superior  vena  cava. 

Open  the  cavities  in  the  order  in  which  the 
blood  flows  through  them. 

Right  Auricle.  —  With  the  curved  probe- 
pointed  bistoury  join  the  venae  cavee,  and  from 
the  centre  of  this  incision  cut  into  the  appendix. 
Turn  out  thrombus,  and  notice  whether  it  is 
distinctly  adherent  in  the  appendix,  indicating 
ante-mortem  formation.  Note  whether  the  fora- 
men ovale  is  patent. 

Examine  the  tricuspid  opening.  This  nor- 
mally, in  the  adult,  admits  three  fingers.  Take 
the  cone  diameter  if  desired.  Vegetations  are 
rarely  present. 

Place  the  heart  on  its  posterior  surface,  and 
make  an  incision  into  the  right  ventricle,  half- 
an-inch  from  and  parallel  to  the  septum  ven- 
triculorum.  Holding  the  heart  up  by  the 
margin  of  the  cut  pulmonary  artery,  allow  a 
stream  of  water  to  flow  into  the  artery,  to  test 
the  competence  of  the  valve.  If  thrombus  be 
present,  remove  it  before  using  the  water  test. 
If  the  water  be  retained  the  valve  is  competent. 
Take  the  cone  diameter  if  desired.  Continue 
the  incision  in  the  ventricle  upwards  into  the 
pulmonary  artery,  cutting  the  latter  close  to 
the  septum.  The  incision,  if  correctly  made, 
ought  to  pass  between  two  cusps.  Note  thick- 
ening, or,  rarely  and  chiefly  in  infants,  vegeta- 
tions on  the  ventricular  surfaces  of  the  cusps. 

Examine  the  Eight  Ventricle.  Note  the  con- 
sistence, hypertrophy,  or  atrophy  of  the  muscle. 
Note  whether  the  sub-epicardial  fat  is  invading 
the  muscle.  Note  pallor,  or  a  patchy  yellow- 
ness of  the  muscle,  the  latter  indicating  fatty 
degeneration.  The  ventricle  may  contain  ante- 
mortem  thrombus,  adherent  between  the 
columnse  carnese,  and,  passing  upwards  into  the 
pulmonary  artery,  in  this  situation  showing  the 
imprints  of  the  sinvises  of  Valsalva.  The  wall 
of  the  ventricle  varies  in  thickness  normally 
from  one-eighth  of  an  inch  at  the  apex,  to  one- 
quarter  of  an  inch  near  the  auriculo-ventricular 
groove. 
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Left  Auricle. — Join  the  upper  right  and  lower 
left  pulmonary  vein,  and  continue  the  incision 
into  the  auricular  appendix. 

Note  dilatation,  presence  of  ante-  or  post- 
mortem thrombus,  thickening  of  the  muscle  or 
endocardium.  The  endocardium  normally  is 
thicker  than  that  in  the  right  auricle.  Press 
the  finger  down  into  the  mitral  opening,  and 
note  presence  of  stenosis,  dilatation,  thickening 
of  the  cusps,  calcareous  deposit,  recent  vegeta- 
tions. The  orifice  normally,  in  the  adult, 
admits  two  fingers. 

Make  an  incision  anteriorly  into  the  Left 
Ventricle  parallel  to  the  septiim  ventriculorum, 
as  in  the  case  of  the  right  ventricle,  and  in  a 
similar  way  test  the  competence  of  the  aortic 
valve.    Take  the  cone  diameters  if  desired. 

Dissect  away  the  aorta  from  the  pulmonary 
artery,  and  extend  the  incision  in  the  ventricle 
upwards  into  the  aorta,  passing  between  two  of 
the  cusps. 

Examine  the  aortic  cusps  for  vegetations, 
thickening,  contraction,  dilatation,  adhesions  in 
the  angles,  calcification ;  infective  redundant 
granulations,  ulcerating  in  their  centre,  destroy- 
ing the  cusps,  and  extending  on  to  the  wall  of 
the  aorta  or  ventricle.  Slit  up  the  coronary 
arteries,  and  note  presence  of  atheroma  or 
calcification  in  their  walls  and  that  of  the 
aorta. 

Note  thickening  and  contraction  of  chordse 
tendinese,  accompanying  a  similar  change  in 
the  mitral  segments,  indicating  old  endo- 
carditis. 

Examine  the  wall  for  cloudy  swelling,  fatty 
degeneration  and  infiltration,  myocarditis,  in- 
farct, and  aneurysm. 

Cloudy  swelling  causes  pallor  (often  patchy) 
of  the  muscle,  chiefly  near  the  endocardium. 
Fatty  degeneration  and  infiltration  show  appear- 
ances similar  to  those  described  in  the  right 
ventricle.  If  sections  be  made  across  the  ven- 
tricle, near  the  apex,  small  white  patches  in  the 
midst  of  the  muscle  indicate  chronic  fibroid 
myocarditis.  Hsemorrhagic  infarcts  appear  as 
brownish  necrosed  patches  in  the  muscle. 
Aneurysms  are  localised  dilatations  near  the 
apex  of  the  ventricle,  and  result  from  myo- 
carditis or  infarct. 

Note  dilatation  and  hypertrophy  of  the  walls. 
The  ventricle  in  the  adult  measures  about 
three  inches  from  base  to  apex  internally. 
The  thickness  varies  from  one-quarter  of  an 
inch  at  the  apex  to  one-half  to  three-quarters  at 
a  short  distance  from  the  auriculo-ventricular 
groove.  The  papillary  muscles  and  columnse 
carnese  usually  partake  in  the  hypertrophy. 
Note  presence  of  an  abnormal  persistent  aper- 
ture in  the  septum  ventriculorum.  This  is 
placed  usually  just  below  the  right  posterior 
aortic  cusp. 

If  exact  measurements  of  the  orifices  be  de- 
sired the  "cones"  should  be  passed  in  the 


direction  of  the  blood-stream  before  slitting 
them  up.    The  normal  cone  diameters  are  : — 

Aorta,  0'9  in.  to  I'O  in. 

Mitral,  M  in.  to  1-2  in. 

Pulmonary  artery,  1  in.  to  1"1  in. 

Tricuspid,  1*4  in.  to  1"8  in. 

Weigh  the  heart  after  examination,  as  now 
all  blood-clot  is  removed.  In  the  adult  the 
weight  varies  from  9  ounces  in  the  female  to 
11  ounces  in  the  male.  Externally  it  should 
measure  at  least  5  inches  in  length,  3^  inches  in 
breadth,  and  2^  inches  in  thickness. 

The  Lungs.  —  On  opening  the  thorax  the 
lungs,  if  absolutely  healthy,  would  collapse. 
As  a  rule,  however,  they  remain  more  or  less 
voluminous.  Collapse  may  be  prevented  by 
the  presence  of  tough  mucus  in  the  bronchi, 
by  vesicular  emphysema,  consolidation  (inter- 
stitial or  exudative),  pleural  adhesions,  or  other 
causes. 

Passing  the  left  hand  into  the  left  pleura,  free 
any  adhesions  present,  draw  the  lung  forwards 
out  of  the  thorax,  and  divide  the  root  from 
behind.  Remove  the  right  lung  in  a  similar 
fashion. 

Weigh  the  lungs  as  soon  as  removed.  The 
weight  of  the  left  kmg  varies  from  15  ounces  in 
the  female  to  21  ounces  in  the  male,  and  that 
of  the  right  lung  from  17  ounces  in  the  female 
to  24  ounces  in  the  male. 

Examine  the  surface.  Note  any  deviation 
from  the  normal  subdivision  of  the  left  lung 
into  two,  and  the  right  into  three  lobes.  In 
emphysema  the  parts  affected  are  distended,  pale, 
spongy,  and  contain  little  pigment.  The  condi- 
tion is  practically  always  present  along  the 
anterior  borders.  In  excessive  emphysema  there 
may  be  large  bullae  attached  to  the  lung.  Areas 
of  colla2:)se  are  dark  in  colour,  non- vesicular,  and 
depressed  below  the  general  surface.  Firm 
areas  raised  above  the  general  surface  occur  in 
lobular  pneumonia,  particularly  tubercular,  in 
infarction,  and  in  stonemasons'  lung. 

In  the  very  young,  and  in  dwellers  in  the 
country,  the  lungs  are  pinkish  in  colour ;  but 
in  all  dwellers  in  towns,  and  in  workers  in  mines 
especially,  the  lungs  show  a  varying  degree  of 
black  carbon  pigmentation.  This  maps  out  the 
lobules  on  the  outer  surface,  and  follows  the 
interlobular  septa,  vessels,  and  bronchi  on  the 
cut  surface.  If  excessive  the  condition  is  called 
anthracosis,  or  coal-miners'  lung.  The  walls  of 
the  bronchi  and  vessels  are  never  pigmented. 

There  may  be  pits  or  grooves  on  the  surface, 
cicatricial  in  origin.  At  the  bottom  of  the  pit 
the  lung  substance  may  contain  a  calcareous, 
whitish  nodule,  surrounded  by  fibrous  tissue,  all 
that  remains  of  an  old  tuberculous  condition. 
Cicatricial  grooves  may  also  result  from  contrac- 
tion of  areas  of  collapse,  or  are  due  to  new 
formation  of  fibrous  tissue  along  the  septa  and 
its  contraction.  This  may  occur  in  syphilis  and 
other  conditions  causing  interstitial  pneumonia. 
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Svibpleural  haemorrhages  occur  in  cases  of 
asphyxia,  mechanical  or  occurring  in  the  course 
of  other  diseases,  and  also  in  toxic  and  chemical 
poisonings. 

Slit  up  the  larger  hronchi  for  a  short  distance. 
In  acute  bronchitis  they  are  brightly  congested 
and  contain  thick  tenacious  mucus. 

Place  the  left  lung  on  its  posterior  surface, 
with  the  base  proximal  and  the  root  pointing  to 
the  operator's  left;  then  with  the  long  "sec- 
tion "  knife  make  one  sweeping  cut  from  the 
lateral  surface  towards  the  root,  so  that  the  two 
halves  open  out  on  the  root  as  on  a  hinge. 
Incise  the  right  lung  in  a  similar  fashion,  placing 
it  with  the  apex  proximal. 

Note  the  colour  and  consistence  of  the  lung, 
and  the  character  of  the  fluid  which  escapes 
from  the  cut  surface  on  pressure. 

Normally  the  colour  of  the  cut  surface  de- 
pends upon  the  amount  of  carbon  pigment  pre- 
sent ;  it  crepitates  between  the  fingers,  and  a 
small  quantity  of  blood,  frothy  through  admix- 
ture with  air,  can  be  squeezed  out. 

The  surface  may  be  pale  in  anaemic  conditions. 
It  may  be  deeply  congested  ;  bright  red  in  acute, 
dull  red  in  chronic  or  hypostatic  congestions. 
If,  in  addition,  the  lung  be  friable,  pneumonia 
is  present  or  commencing.  In  chronic  venous 
congestion  the  colour  is  a  dull  rusty  brown, 
often  patchy  in  distribution,  and  the  surface 
dry,  unless  oedema  accompanies. 

The  lung  is  tougher  than  normal,  so  that  the 
fingers  cannot  readily  meet  through  it,  in  col- 
lapse and  in  the  chronic  interstitial  pneumonias. 

The  consistence  of  the  lung  may  be  increased 
by  deposit  in  its  spaces,  or  by  permanent 
thickening  of  its  substance. 

The  former  condition  is  present  in  the  con- 
solidation of  pneumonia,  and  may  affect  a  whole 
lobe,  as  in  lobar  pneumonia,  or  scattered  lobules 
or  groups  of  lobules,  as  in  lobular  pneumonia. 
A  lobule  is  the  subdivision  in  connection  with  a 
terminal  bronchus,  and  it  may  be  recognised  in 
the  adult  on  the  pleural  surface  as  a  polygonal 
area  outlined  by  the  pigment  lying  in  the  lym- 
phatics in  the  interlobular  septa.  When  con- 
solidated these  areas  are  devoid  of  air,  the 
vesicles  being  filled  with  exudation  or  with 
catarrhal  cells.  In  the  early  stages  of  pneu- 
monic consolidation  the  part  affected  is  con- 
gested, in  the  later  stages  it  is  paler  in  colour. 
In  all  stages  the  friability  is  greatly  increased. 

In  oedema  of  the  lung  a  large  quantity  of  a 
watery,  frothy,  blood-stained  fluid  can  be 
squeezed  out  on  the  cut  surface.  This  does 
not  stain  the  fingers  to  any  extent. 

In  capillary  bronchitis  and  simple  broncho- 
pneumonia (lobular),  muco-purulent  fluid  may 
be  squeezed  out  of  the  smaller  bronchi. 

Demonstrate  the  condition  of  the  larger 
bronchi  by  slitting  them  up.  In  chronic  bronch- 
itis their  walls  are  thickened  and  they  stand 
up  prominently  above  the  cut  surface  if  the 


lung  be  not  consolidated.  In  suspected  throm- 
bosis or  embolism  slit  up  the  pulmonary  artery, 
and  follow  out  its  main  branches.  In  the  former 
the  blood-clot  is  adherent ;  in  the  latter,  if 
recent,  it  is  not  adherent,  and  may  be  firm  and 
pale  in  colour. 

Lastly,  examine  the  root  glands  as  to  carbon 
pigmentation,  tubercular  deposit,  caseation  and 
softening,  or  adenitis. 

Some  of  the  more  common  morbid  conditions 
found  in  the  lungs  may  now  be  referred  to  in 
greater  detail. 

In  lobar  or  croupous  pneumonia  a  large  area, 
usvially  a  lobe  or  more,  is  consolidated.  There 
is  recent  pleurisy  on  the  surface.  The  lung  is 
very  voluminous ;  on  section  it  is  airless  and 
dry.  In  red  hepatisation  it  is  of  a  dusky  red 
colour,  and  the  cut  surface  is  indistinctly  gran- 
ular. Friability  is  extreme.  In  grey  hepatisa- 
tion— the  next  stage — the  colour  is  a  pinkish 
grey,  the  cut  surface  still  dry  and  distinctly 
granular,  the  granules  being  the  loosened  plugs 
expressed  from  the  vesicles  by  the  retraction  of 
their  walls. 

In  suppurating  pneumonia  thick,  creamy, 
sticky  pus  can  be  scraped  from  the  cut  surface. 

In  simple  brojicho-pneiimonia  (syn.  :  lobular  or 
catarrhal  pneumonia),  as  seen  typically  follow- 
ing measles  in  the  child,  the  cut  surface  is  flat 
and  mottled.  There  are  minute  grey  or  yellow 
areas,  sometimes  branching,  corresponding  to 
the  bronchioles  and  their  immediately  adjacent 
vesicles,  which  are  filled  with  catarrhal  cells 
and  leucocytes.  Between  these  the  lung  is 
congested,  and  in  some  cases — fibrino-catarrhal 
pneumonia — is  consolidated  from  exudation  of 
fibrin  into  the  vesicles. 

In  the  adult,  septic  broncho-pneumonias  and 
hypostatic  pneumonia,  which  often  has  a  septic 
character,  show  larger  consolidated  areas  raised 
above  the  surrounding  congested  and  still  vesic- 
ular or  (Edematous  lung  tissue. 

The  appearance  of  tuhercular  bi'oncho-pneu- 
monia  is  readily  distinguished.  The  consoli- 
dated area  is  usually  about  the  size  of  a  pea, 
and  raised  above  the  surface.  Several  of  these 
may  coalesce  to  form  larger  areas.  They  are 
yellowish,  firm,  and  may  show  softening  in  their 
centres.  In  the  child  the  whole  lung  is  found 
studded  with  these  nodules,  and  no  excavation 
may  exist.  In  the  adult,  excavation  is  present 
at  the  apex,  the  broncho-pneumonic  tubercles 
coalescing  to  form  consolidated  areas  which 
break  down  in  their  centres.  All  stages  of 
the  process  may  be  followed  in  the  same  lung. 

Old  cavities  are  distinguished  by  their  smooth 
fibrous  walls ;  recent  cavities  by  their  rough 
irregular  walls,  formed  by  caseating  tissue. 

Acute  Miliary  Tubeixulosis. — Miliary  grey  tu- 
bercles may  be  scattered  uniformly  throughout 
the  lung,  in  which  case  the  bacilli  have  been 
disseminated  by  the  blood-vessels  ;  or  they  may 
be  clustered  along  the   septa,   adveutitia  of 
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vessels,  or  bronchi,  following  the  lines  of  the 
lymphatics. 

In  the  former  there  is  also  generalised  miliary 
tuberculosis  throughout  the  body  ;  in  the  latter 
this  does  not  usually  exist,  and  the  spread  is 
more  a  local  one. 

Hcemori'hagic  infarctions  occur  as  consoli- 
dated areas,  full  of  blood,  pyramidal  in  shape, 
with  the  base  to  the  pleura,  over  which  there 
may  be  localised  pleurisy.  If  a  section  be  made 
the  occluded  vessel  of  supply  can  usually  be 
seen  near  the  apex  of  the  infarcted  area. 

If  necessary,  the  upper  air  and  food  passages 
may  now  be  removed  for  examination.  Extend 
the  median  skin  incision  upwards  nearly  to  the 
symphysis  menti,  dissect  away  the  skin  on 
either  side,  and  remove  the  soft  structures  left 
in  the  superior  mediastinum  and  neck,  as  far 
up  as  the  level  of  the  hyoid  bone.  Then  pass 
a  narrow -bladed  knife  upwards  through  the 
floor  of  the  mouth  and  free  the  soft  parts  from 
the  lower  jaw-bone  all  round ;  or,  if  it  be  ad- 
visable, for  the  sake  of  appearances,  to  retain 
the  anterior  part  of  the  tongue  in  situ,  cut 
it  across  about  its  middle.  Draw  down  the 
loosened  parts  through  the  opening  made,  then 
cut  across  the  soft  palate  at  its  junction  with 
the  hard  palate,  and  detach  it  with  the  pillars 
of  the  fauces  from  the  base  of  the  skull.  Con- 
tinuing to  drag  gently  upon  these,  free  the 
remaining  attachments  of  the  pharynx  to  the 
vertebral  bodies,  and  remove  all  the  parts  in 
one  mass. 

Laying  them  down  on  a  flat  surface,  with 
the  posterior  surface  upwards,  slit  up  the  oeso- 
phagus and  pharynx  with  scissors ;  then,  in  a 
similar  manner,  open  up  the  larynx  and  trachea. 
Note  congestion  of  the  surfaces,  ulcerations, 
diphtheritic  exudations,  and  new-growths. 

In  the  later  period  of  life  the  cartilages  of 
the  larynx  and  trachea  are  frequently  ossified, 
sometimes  show  calcification  or  necrosis,  the 
last  condition  being  usually  of  tubercular  or 
syphilitic  origin. 

Next,  turn  the  parts  so  that  their  anterior 
surface  is  upwards,  examine  the  thyroid  gland 
chiefly  as  to  atrophy  in  cretinism  or  myxoedema, 
or  enlargement  in  goitre,  or  new-growth. 

The  cervical  or  mediastinal  glands  may  either 
be  examined  at  this  stage  or  before  removal  of 
the  cervical  structures  from  the  body. 

The  walls  of  the  thorax  and  the  spinal 
column  are  now  exposed,  and  may  be  examined 
more  particularly. 

First,  examine  the  portion  of  aorta  remaining 
for  atheroma,  aneurysm,  or  contraction. 

Removing  this,  note  whether  fracture  or  dis- 
location of  the  vertebrte  exist,  and,  passing  out- 
wards, examine  the  ribs  for  fractures  or  exostoses. 

In  rickets  the  costo-chondral  junctions  are 
greatly  enlarged,  forming  beaded  projections — • 
"rickety  rosary  "—which  are  most  apparent  on 
the  inner  surface. 


Sewing  up  the  Cavities. — The  examination  of 
the  abdomen  and  thorax  being  now  complete,  it 
remains  to  restore  the  body,  so  far  as  is  possible, 
to  its  former  appearance. 

Remove  all  fluids  from  the  cavities,  replace 
such  organs  as  are  not  required  for  further 
examination,  and  pack  the  thoracic  inlet  with 
absorbent  wool.  Replace  the  sternum,  and  with 
a  few  stitches  secure  it  in  position  ;  then  care- 
fully sew  up  the  skin  incision,  so  that  no  fluid 
can  escape.  This  is  best  accomplished  by  using 
a  continuous  "  out-and-in  "  suture,  passing  the 
needle  thi'ough  the  skin  always  from  within, 
and  pulling  steadily  on  the  cord  so  as  to  keep 
the  stitches  tense.  The  closer  the  stitches  the 
better  the  result.  They  should  not  be  farther 
apart  than  half  an  inch.  Tie  the  last  stitch 
securely  so  that  it  cannot  possibly  slip. 

Then  remove  all  traces  of  blood  from  the 
skin  surface,  and  place  a  layer  of  absorbent 
wool  along  the  line  of  the  skin  incision,  fixing 
it,  if  necessary,  with  a  few  turns  of  bandage. 
This  will  prevent  soiling  of  the  shroud. 

Head  and  Spinal  Cord. — Examination  of  the 
brain  and  spinal  cord  may  proceed  after  the 
thorax  and  abdomen  have  been  closed. 

Where  the  spinal  cord  has  to  be  examined, 
remove  it  before  the  brain.  This  order  is  of 
special  importance  when  the  course  of  ascend- 
ing or  descending  degenerations  has  to  be 
investigated. 

Turn  the  body  on  its  face,  and,  standing  on 
its  left  side,  draw  the  integuments  as  far  as 
possible  to  that  side ;  then,  with  firm  pressure 
on  the  knife,  and  inclining  it  outwards,  cut 
down  on  the  left  side  of  the  vertebral  spines, 
so  as  to  separate  with  one  sweep  all  the  soft 
structures  down  to  the  laminae  from  occiput  to 
sacrum.  Passing  to  the  other  side,  and  drawing 
the  integuments  to  that  side,  through  the  same 
skin  incision  and  in  the  same  manner  clear  the 
laminae  of  the  right  side  from  sacrum  to  occiput. 
Then  saw  completely  through  the  laminae,  near 
the  articular  processes.  If  this  be  properly 
accomplished  the  subsequent  procedure  is  easy. 

In  the  lumbar  region  cut  through  one  of  the 
interspinous  ligaments  and  the  corresponding 
ligamenta  subflava ;  then  inserting  the  closed 
points  of  the  cutting  bone-forceps  between  the 
spines,  lever  up  the  upper  spinous  process. 
The  laminae  generally  separate  easily,  and  then, 
grasping  the  loosened  vertebral  arch  with  lion- 
forceps,  or  with  the  left  hand  protected  by 
a  towel,  pull  upon  it,  at  the  same  time  snipping 
with  the  bone-forceps  through  the  laminae 
which  are  not  yet  divided.  The  arch  of  the 
atlas  vertebra  is  usually  very  hard  and 
resistant. 

Note  any  fracture  of  the  vertebral  ai-ch  or 
haemorrhage  into  the  surrounding  tissues  or 
into  the  spinal  canal.  In  the  dorsal  region 
a  layer  of  protective  fat  is  usually  found  lying 
upon  the  dura. 
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Grasp  the  dura  at  the  lower  end  of  the  cord 
with  dissecting  forceps,  and  remembering  that 
the  cord  does  not  extend  beyond  the  second 
lumbar  vertebra,  cut  it  across  well  below  that 
point ;  then  free  the  dura  from  its  attachments 
right  up  the  canal,  and  cut  across  the  spinal 
nerve-roots  as  far  out  as  possible.  While  doing 
this,  and  lifting  the  cord  from  its  bed,  traction 
mu.st  always  be  kept  up  on  the  dura  sufficient 
to  keep  the  cord  straight,  any  bending  or 
crushing  of  it  being  avoided,  as  this  might 
produce  changes  simulating  disease. 

Cut  through  the  dura  at  its  attachments  to 
the  margins  of  the  foramen  magnum,  and, 
dividing  the  cord  transversely,  close  to  the 
skull,  remove  it. 

Examine  the  cut  surface.  It  should  be  clean 
cut,  not  bulging,  and  the  grey  matter  distinct 
from  the  white. 

Lay  it  on  a  flat  surface,  and  slit  up  the  dura 
in  the  middle  line  before  and  behind.  Note 
congestion  of  membranes,  thickening  of  dura, 
adhesion  to  the  arachnoid,  subdural  htemorrhage, 
tumour-growth,  thickening  or  calcareous  deposit 
in  the  arachnoid,  presence  of  purulent  lymph 
or  tubercular  deposits  (miliary  or  caseating). 

Tubercular  meningitis  occurs  most  commonly 
in  the  cervical  and  lumbar  regions ;  in  the 
former  associated  with  and  in  most  cases 
extending  from  a  similar  condition  at  the  base 
of  the  brain.  It  appears  as  a  fine  granularity 
or  mottling  of  the  surface,  best  seen  on  the 
anterior  surface.  The  anterior  surface  may  be 
distinguished  by  the  large  longitudinal  vessels 
running  along  the  middle  line,  or  by  the  shape 
of  the  anterior  horn,  and  the  distinct  anterior 
fissure  seen  on  the  cut  surface. 

If  the  cord  is  to  be  examined  microscopically, 
cut  it  across  at  frequent  intervals,  between  the 
origins  of  the  spinal  nerves,  and  place  it  in 
10  per  cent  formalin  solution. 

Brain. — Incise  the  scalp  from  mastoid  to 
mastoid  across  the  vertex,  first  separating  the 
hair  along  the  line  of  incision.  Detach  the 
scalp  and  occipito-frontalis  as  far  forward  as 
the  siiperciliary  ridges,  and  as  far  backwards 
as  the  external  occipital  protuberance. 

Note  presence  of  htemorrhage,  bruising,  or 
suppuration,  external  to  or  under  the  occipito- 
frontalis,  and  any  injury  or  disease  of  the  bone. 

Carry  the  knife  horizontally  round  the  skull 
in  a  line  passing  just  above  the  superciliary 
ridges,  and  passing  through  the  occipital  pro- 
tuberance. Part  of  the  strong  fascia  over  the 
temporal  muscles  should  be  left  above  this 
incision. — The  reason  for  this  will  appear  later, 
when  we  come  to  close  the  head. 

Then  make  a  saw-cut  through  the  skull  in 
the  same  line,  taking  care  not  to  let  the  saw 
pass  through  its  whole  thickness.  The  left 
hand  or  the  hand  of  an  assistant  steadying  the 
skull  must  be  protected  by  a  towel  against 
injury  from  slipping  of  the  saw. 


"  To  complete  the  separation  of  the  skull- 
cap use  the  mallet  and  steel  chisel,  breaking 
through  the  remainder  of  the  inner  table,  unless 
a  fracture  of  the  bones  of  the  skull  is  suspected, 
in  which  case  it  is  better  to  use  the  saw  more 
freely,  even  at  the  risk  of  injuring  the  mem- 
branes or  the  brain  "  (Woodhead). 

Then  lever  up  the  calvarium  and  remove  it, 
leaving  the  dura  intact  supporting  the  brain. 
This  will  not  always  be  possible,  for  example  in 
old  people,  in  chronic  alcoholics,  or  where  the 
dura  has  become  fixed  to  the  skull  from  old 
inflammation.  In  children,  also,  the  dura  is 
usually  firmly  attached  to  the  bone.  In  such 
cases  remove  it  with  the  calvarium,  cutting  it 
through  in  the  line  of  the  saw-cut. 

After  removing  the  calvarium  examine  its 
inner  surface  for  fracture,  erosions,  or  prom- 
inences. 

The  anterior  fontanelle  should  be  closed  at 
the  twentieth  month.  The  cranium  may  be 
thinned  in  rickets,  congenital  syphilis,  or  hydro- 
cephalus. Note  the  presence  of  Wormian  bones 
in  the  lines  of  the  sutures.  It  may  be  thickened 
in  old  age  and  the  various  forms  of  osteitis. 
Examine  the  surface  of  the  dura ;  slit  up  the 
longitudinal  sinus,  and  note  whether  thrombosis, 
recent  or  old,  simple  or  purulent,  be  present. 
Then  incise  the  dura  in  the  line  of  the  saw-cut, 
except  in  the  middle  line  before  and  behind,  and 
draw  the  lateral  flaps  thus  made  upwards 
towards  the  vertex.  Examine  its  inner  surface 
for  pachymeningitis  hsemorrhagica,  or  other 
condition,  and  then  note  the  condition  of  the 
pia-arachnoid  and  cerebral  convolutions.  The 
arachnoid  may  be  milky  from  old  fibrous  thick- 
ening, or  in  recent  meningitis. 

There  may  be  clear,  turbid,  or  purulent  effusion 
in  the  pia-arachnoid.  The  convolutions  may  be 
flattened,  and  the  sulci  shallow  where  there  is 
distension  of  the  ventricles,  abscess,  or  tumour 
of  the  brain.  Note  whether  this  is  symmetrical. 
The  convolutions  may  be  narrowed  and  atro- 
phied, and  the  sulci  deep  and  wide,  filled  with 
fluid  in  old  age,  in  chronic  alcoholism,  and  in 
certain  other  diseases  {v.  Insanity).  There 
may  be  tubercles  in  the  pia  mater,  extending 
chiefly  in  the  neighbourhood  of  the  Rolandic 
and  Sylvian  fissures.  These  must  not  be  con- 
founded with  the  Pacchionian  bodies  which  are 
clustered  at  the  vertex  close  to  the  margins  of 
the  longitudinal  fissure. 

In  septic  and  other  toxic  conditions  there 
may  be  petechial  hajmorrhages  in  the  pia- 
arachnoid — circumscribed,  or  more  often,  dif- 
fused. 

The  membranes  may  be  lacerated  in  cases  of 
compound  fracture.  In  hernia  cerebri  a  mush- 
room-like projection  of  brain  substance  exists, 
from  which,  frequently,  pus  can  be  expressed. 

Congestion.  —  Passive  engorgement  having 
disappeared,  as  the  heart  has  already  been  re- 
moved and  the  venous  blood  drained  away,  active 


POST-MOKTEM  METHODS 


209 


congestion  is  noticed  as  distinct  injection  of  the 
delicate  vessels  covering  the  convolutions. 

Removal  of  the  Brain. — -Cut  across  the  attach- 
ment of  the  falx  cerebri  to  the  crista  galli  of 
the  ethmoid.  Then  insinuate  the  fingers  of  the 
left  hand  underneath  the  frontal  lobes,  and  lift 
them  up  from  the  orbital  plates.  Detach  the 
olfactory  nerves  from  the  cribriform  plates  with 
the  handle  of  the  curved  probe-pointed  bistoury, 
and  then,  still  raising  and  supporting  the  brain, 
cut  across  the  cranial  nerves,  the  carotid  arteries, 
and  the  infundibulum  as  far  from  the  brain  as 
possible.  After  dividing  the  fifth  nerves,  turn 
the  brain  to  one  side,  so  as  to  expose  the  ten- 
torium cerebelli,  which  is  to  be  cut  through 
from  before  backwards,  close  to  its  margin. 
Repeat  this  on  the  other  side.  Divide  the 
remaining  cranial  nerves  and  the  vertebral 
arteries  ;  then,  supporting  the  brain  with  the 
left  hand,  or  calvarium,  gently  lever  up  the 
spinal  cord,  which,  if  not  already  cut  across, 
should  be  divided  as  low  as  possible,  and  remove 
the  whole,  separating  it  from  the  dura. 

Weigh  the  brain.  In  the  adult  male  the 
average  weight  is  3  lbs.  1|  oz. ;  in  the  female  it 
is  about  one  pound  less. 

Examine  the  base  of  the  skull  for  haemorrhage, 
intra-  or  extra-dural ;  abnormal  prominences — 
osseous,  cartilaginous,  or  fibrous ;  localised 
suppurations  or  adhesions,  especially  in  the 
neighbourhood  of  the  petrous  bones,  and  note 
their  relationship  to  internal  or  middle  ear. 
Note  any  obvious  morbid  change  in  the  cranial 
nerves.  Split  up  the  remaining  sinuses  and 
note  presence  of  thrombosis,  simple  or  purulent, 
particularly  in  the  lateral  sinuses,  where  it  may 
be  caused  by  mastoid  disease,  and  may  be 
attended  with  cerebellar  abscess. 

In  acromegaly  or  myxoedema  examine  carefully 
the  pituitary  body. 

Remove  the  dura  and  examine  the  base  for 
fractures. 

If  the  orbits  or  nasal  passages  and  adnexa  are 
to  be  examined,  the  portions  of  the  base  covering 
these  must  be  mapped  out  and  removed  with 
the  chisel  and  mallet. 

Examination  of  the  Brain.  —  If  accurate 
localisation  of  a  lesion  be  desired,  the  vessels  of 
the  brain  should  be  injected  with  strong  formalin 
solution,  and  the  brain  laid  in  a  similar  solution 
for  about  a  week  to  harden. 

In  most  cases  the  brain  may  be  examined 
at  once. 

In  the  first  place,  examine  the  base.  Note 
variation  in  the  arrangement  of  the  basal  vessels, 
and  atheroma  or  calcification  of  their  walls. 
Look  for  thickening  of  the  membranes  by  fibrous 
tissue,  or  for  the  presence  of  lymph  in  the  mem- 
branes veiling  the  structures  at  the  base. 

In  tubercular  meningitis  the  membranes  con- 
tain greenish  gelatinous  lymph,  as  far  forward  as 
and  covering  the  optic  chiasma,  and  in  removing 
the  brain  from  the  skull  a  large  amount  of 
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turbid  fluid  escapes  from  the  subarachnoid 
space.  On  opening  up  the  Sylvian  and  longi- 
tudinal fissures,  tubercles — little  grey  or  yellow 
points — are  seen  along  the  vessels.  These  may 
also  extend  up  over  the  Rolandic  areas,  and 
back  over  the  surfaces  of  the  cerebellum,  pons, 
and  medulla.  They  rarely  extend  up  to  the 
vertex.  The  lymph  may  block  the  foramen  of 
Magendie,  and  the  ventricles  be  dilated — the  so- 
called  "  acute  hydrocephalus." 

In  2}osterior  basic  meningitis — which  is  usually 
in  reality  cerebro-spinal — a  somewhat  similar 
but  yellower  effusion  is  present  at  the  base,  ex- 
tending from  the  infundibulum  backwards  over 
the  anterior  part  of  the  under  surface  of  the 
cerebellum,  and  over  the  pons,  medulla,  and 
spinal  cord.  The  foramen  of  Magendie  is  prac- 
tically always  blocked  in  this  condition,  and 
necessarily  the  ventricles  are  dilated.  "  Chronic 
hydrocephalus"  is  caused  by  the  blocking  of  this 
foramen  by  a  fibrous  membrane  produced  by 
such  a  meningitis.  The  ventricles  may  be  so 
distended  as  to  reduce  the  brain  to  a  thin-walled 
cyst,  and  the  third  ventricle  projects  at  the  base 
as  a  translucent,  rounded  swelling,  stretching 
the  optic  chiasma  over  it. 

In  general  suppurative  arachnoiditis  the  whole 
brain  is  covered  with  a  layer  of  pus  or  purulent 
lymph,  which  may  be  both  internal  to  and 
external  to  the  arachnoid. 

In  all  cases  of  lepto-meningitis  the  arachnoid 
becomes  milky. 

Note  the  presence  of  hsemorrhages  on  the 
surface,  laceration  or  softening  of  the  cortex, 
presence  of  scars,  for  example,  over  gummata, 
and  localise  them  accurately. 

Superficial  softening  most  often  occurs  in  the 
area  supplied  by  the  middle  cerebral  artery. 

In  cases  of  softening,  whether  internal  or 
cortical,  slit  up  the  arteries  concerned,  and 
seek  for  thrombosis  or  embolism.  These  are 
most  frequently  found  at  the  origin  of  the 
Sylvian  ai'tery  or  its  first  branch,  especially 
on  the  left  side. 

Next  examine  the  interior  of  the  brain. 

Lay  it  with  the  base  upwards.  Remove  the 
cerebellum,  pons,  and  medulla.  Make  several 
incisions  into  the  cerebellum,  then  separate  it 
from  the  pons  by  cutting  across  its  peduncles. 
Note  the  condition  of  the  fourth  ventricle,  and 
make  transverse  sections  of  the  pons  and 
medulla,  leaving  the  sections  connected  in  front 
by  the  membranes. 

Turn  the  brain  vertex  upwards,  and  examine 
by  horizontal  slices,  cutting  from  within  out- 
wards through  the  hemispheres,  and  leaving 
each  slice  attached  to  its  neighbours  by  the 
membranes  on  the  outer  surface. 

The  centrum  ovale  may  be  soft  and  (Edematous, 
or  show  numerous  small  points  of  congestion. 

On  reaching  the  level  of  the  corpus  callosum 
make  a  vertical  sagittal  incision  for  half  an  inch 
into  the  white  matter  about  half  an  inch  from 

14 


210 


POST-MORTEM  METHODS 


the  middle  line,  and  then  cut  outwards,  exposing 
the  lateral  ventricles.  This  dissection  may  be 
sufficient  to  demonstrate  the  lesion,  or  subse- 
quent transverse,  coronal,  sections  may  be  made 
across  the  basal  ganglia  to  determine  more  exactly 
the  relations  of  a  lesion  to  external  or  internal 
capsules  or  ganglia,  and  portions  of  brain  may 
be  removed  to  expose  the  horns  of  the  lateral 
ventricles.  The  fourth  ventricle  has  been 
examined  in  connection  with  the  pons. 

If  the  brain  has  to  be  preserved  for  further 
microscopic  examination,  it  is  better  to  make 
the  incisions  in  the  following  manner — that  of 
Dejerine.  After  removing  the  cerebellum  and 
pons,  separate  the  hemispheres,  and  laying  each 
in  turn  on  its  outer  surface,  make  one  horizontal 
section  just  below  the  level  of  the  corpus  cal- 
losum,  and  then  to  expose  the  basal  ganglia, 
make  two  vertical  transverse  incisions  in  the 
lower  part  of  the  hemisphere  just  behind  the 
anterior  extremity  of  the  corpus  callosum,  and 
in  front  of  its  posterior  extremity.  These 
incisions  expose  most  of  the  important  struc- 
tures in  which  lesions  may  occur. 

In  cases  of  recent  hajmorrhage,  after  noting 
its  extent  and  relations,  the  affected  part  may 
be  placed  under  a  gentle  stream  of  water,  and 
the  brain  substance  washed  away.  This  exposes 
the  vessels,  which  should  be  examined  for 
minute  swellings — miliary  aneurysms,  rupture 
of  which  may  have  caused  the  haemorrhage. 

In  old  haemorrhages  there  may  remain  a 
shrunken,  brownish  mass,  or  a  cyst  with  pig- 
mented walls  containing  a  thin  fluid. 

Newly  formed  masses  in  the  brain  may  be  of 
the  nature  of  tumours — most  commonly  glioma 
or  sarcoma — the  glioma  infiltrating  and  with 
ill-defined  outline,  the  sarcoma  circumscribed 
— tubercular  caseous  nodules,  or  gummata. 

To  examine  the  middle  ear  it  is  best  to  remove 
the  whole  temporal  bone,  and  examine  it  by 
sections  either  at  once  or  after  decalcifying. 

After  examination  of  the  brain  is  completed, 
return  what  is  not  required  for  further  investi- 
gation, replace  the  calvarium  and  secure  it  in 
position  by  stitches  through  the  divided  temporal 
fascia.  In  an  adult,  short  spikes  may  be  driven 
into  the  diploe,  in  front  and  behind,  attaching 
the  calvarium  rigidly  to  the  base  of  the  skull. 

Then  sew  up  tightly  the  flaps  of  the  scalp  so 
that  no  escape  of  blood  can  take  place.  It  is 
well  subsequently  to  place  a  layer  of  cotton- 
wool along  the  line  of  the  incision  and  secure 
all  with  a  few  turns  of  a  bandage. 

No  trace  of  blood  or  discharge  must  be  allowed 
to  remain  on  the  surface. 

This  concludes  the  post-mortem  examination. 

Occasionally  the  extremities  have  to  be  ex- 
amined, for  example,  in  cases  of  fracture,  of 
aneurysms,  of  suppurations  in  the  tissues  round 
the  bones  or  in  the  joints.  In  rickets,  in 
congenital  syphilis,  and  in  other  conditions 
aff'ecting  the  development  of  bone,  it  is  well 


to  expose  the  head  of  the  humerus,  and,  sawing 
it  longitudinally,  examine  the  epiphyseal  line. 

Part  II 
A.  Preservation  of  Tissues 

1.  If  retention  of  the  natural  colour  of  a 
tissue  or  organ  be  not  desired,  wash  thoroughly 
in  running  water  and  suspend  in  50  per  cent 
alcohol  or  methylated  spirit,  distending  cavities 
loosely  with  horse-hair  or  cotton-wool.  Change 
the  spirit  at  the  end  of  a  week,  and  again  after 
a  similar  period,  if  it  be  decolorised.  At  the 
end  of  three  or  four  weeks  mount  permanently 
in  75  per  cent  alcohol  or  methylated  spirit. 

Or,  place  in  5  per  cent  solution  of  commercial 
"  formalin,"  or  of  its  equivalent,  a  40  per  cent 
aqueous  solution  of  formic  aldehyde.  Change 
if  necessary,  and  mount  in  a  similar  solution  or 
in  methylated  spirit. 

A  simple  mounting  fluid  for  organs  which 
contain  fat  is — 

Formalin,  5  parts. 

Glycerine,  30  parts. 

Water,  65  parts. 

2.  If  the  natural  colour  is  to  be  preserved, 
use  a  method  such  as  the  following,  adapted 
from  Professor  Jores.  Prepare  the  tissue  as  it 
is  to  be  finally  mounted,  wash  away  excess  of 
blood,  and  place  in  the  following  solution  : — 

Formalin,  8  ounces  (10  per  cent). 
Sod.  sulphate,  700  grains. 
Magn.  sulphate,  700  grains. 
Sod.  chloride,  350  grains. 
Water  to  J  gallon. 

Dissolve  the  salts  in  the  water  and  add  the 
formalin  or  its  equivalent  solution  of  formic 
aldehyde.  Inject  the  solution  into  the  vessels 
in  large  organs  or  tumours  so  that  it  may  reach 
the  central  parts,  and  fill  hollow  organs. 

Eetain  in  this  for  forty-eight  hours. 

Place  in  strong  methylated  spirit  for  twenty- 
four  hours,  changing  if  necessary.  The  spirit 
restores  the  blood  colour  which  had  been  altered 
in  the  formalin  solution. 

Preserve  in  pure  glycerine  2  parts,  water  3 
parts,  changing  if  necessary.  To  the  final 
mounting  fluid  1  per  cent  of  formalin  may  be 
added  to  prevent  growth  of  fungi,  but  this  is 
not  absolutely  necessary. 

These  directions  may  be  taken  as  applicable 
to  most  tissues  and  organs.  In  the  case  of 
hollow  organs,  such  as  intestine,  a  much  shorter 
time  is  necessary,  and  the  action  of  the  spirit 
should  be  carefully  watched,  as  it  is  apt  to 
decolorise  the  specimen. 

With  a  little  practice  and  patience  excellent 
results  are  attained. 

B.  Preparation  of  Tissues  for  the 
Microscope 
Necessaries. — Cathcart  microtome  and  acces- 
sories ;   methylated  ether ;   mucilage  of  gum. 
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B.P. ;  picro  -  carmine  (Eanvier's) ;  Ehrlich's 
hsematoxylin ;  Farrant's  glycerine  mounting 
fluid ;  eosine  in  water  (0-5  per  cent) ;  absolute 
alcohol ;  clove  oil ;  Canada  balsam  dissolved  in 
benzole ;  two  needles  in  handles.  Clean  slides 
and  cover-glasses. 

Other  reagents  or  apparatus  will  be  mentioned 
as  they  are  required. 

A  tissue  can  be  examined  under  the  micro- 
scope when  a  thin  layer  of  it  or  its  elements, 
penetrable  by  reflected  light,  is  obtained.  Ex- 
amination of  the  surface  of  an  object,  using 
direct  illumination  without  the  mirror,  is  seldom 
had  recourse  to  in  pathology. 

A  thin  layer  may  be  secured  by  scraping  the 
cut  surface,  or  teasing  out  a  small  portion  of  the 
tissue  with  needles,  but  the  most  common  pro- 
cedure is  to  cut  thin  sections,  either  by  freezing 
or  embedding  methods,  and  subsequently  to 
stain  them  by  suitable  reagents  which  accentu- 
ate their  component  parts.  Numerous  methods 
of  attaining  this  end  have  been  recommended, 
but  only  such  as  are  in  common  use,  and  have 
been  thoroughly  tested,  can  be  described  here. 
For  others  the  reader  is  referred  to  pathological 
text-books,  such  as  those  by  Sims  Woodhead, 
Mallory  and  Wright,  or  to  the  Pathologist's 
Vade-mecum,  by  Lee. 

Examination  of  Scrapings  of  Fresh  Tissues. — 
This  method  has  now  gone  out  of  fashion,  but 
as  it  gives  good  results,  and  as  it  is  easily  carried 
out,  requiring  no  special  apparatus,  it  merits 
notice. 

Make  a  fresh  cut  into  the  tissue  or  organ, 
squeeze  out  excess  of  blood  if  necessary,  and 
with  the  edge  of  a  knife  scrape  off"  some  of  the 
fluid  from  its  surface.  Transfer  a  little  of  this 
"tissue-juice"  to  a  clean  slide  and  mix  with  a 
drop  or  two  of  fresh  Ranvier's  picro-carmine. 
Gently  lower  a  clean  cover-glass  on  to  the 
mixture,  and  let  it  sink  by  its  own  weight  so  as 
to  produce  a  thin  transparent  layer  of  the  fluid. 
Allow  the  stain  to  act  for  a  few  minutes  and 
then  examine.  Nuclei  of  cells  are  stained  with 
the  carmine,  protoplasm  in  varying  shades  of 
brown  and  yellow. 

If  after  five  or  ten  minutes  the  nuclei  are  not 
clearly  stained,  remove  excess  of  fluid  from  the 
slide  with  bibulous  paper,  and  paint  a  thin 
layer  of  vaseline  round  the  cover-glass  to  retard 
evaporation.  Examine  again  in  an  hour.  No 
mounting  medium  is  required,  as  the  prepara- 
tion is  not  permanent. 

No  more  recent  method  gives  a  better  idea  of 
the  natural  appearance  of  the  component  cells 
of  tumours  or  other  tissues. 

Examination  of  Sections  of  Tissues. — To  ob- 
tain the  best  and  most  permanent  results  the 
tissue  must  be  "fixed"  before  sections  are 
made,  although  sections  sufficiently  good  for  diag- 
nostic purposes  may  be  got  by  cutting  thin 
sections  of  fresh  tissues  with  the  freezing  micro- 
tome, floating  these  on  to  a  slide,  staining  for 


five  to  fifteen  minutes  in  picro-carmine  or  in 
logwood,  and  mounting  in  Farrant's  glycerine 
medium. 

The  ordinary  stages  in  the  preparation  of  per- 
manent sections  are — 1.  Fixation ;  2.  Harden- 
ing, embedding,  and  section-cutting  ;  3.  Stain- 
ing and  mounting  of  sections.  Several  alterna- 
tive methods  of  carrying  these  out  have  to  be 
described : — 

1.  Fixation  of  Tissues. — A  "fixative"  is  a 
reagent  which  penetrates  and  kills  a  tissue 
quickly,  preserves  the  tissue-elements,  and  par- 
ticularly the  nuclei,  in  the  condition  in  which 
they  are  at  the  moment  when  the  reagent  acts 
upon  them. 

For  most  purposes  one  may  make  a  choice 
of  four  reagents — (a)  formaldehyde,  (h)  formal- 
dehyde and  alcohol,  (c)  alcohol,  (d)  corrosive 
sublimate. 

(a)  Formaldehyde,  or  formic  aldehyde,  is  sold 
in  a  standard  solution  of  40  per  cent  strength 
in  water.  A  proprietary  preparation  of  this 
strength  is  on  the  market,  under  the  name  of 
"  Formalin " ;  it  costs  more  than  the  other 
solution,  but  its  action  is  identical. 

A  further  dilution  of  5  to  10  per  cent — i.e. 
2  to  4  per  cent  of  the  gas — of  this  standard 
solution  is  used  for  fixation  of  tissues,  and 
tissues  so  fixed  may  be  cut  forthwith  with  the 
freezing  microtome  or  after  embedding. 

Small  pieces  of  tissue  up  to  one-sixth  of  an 
inch  in  thickness  are  sufficiently  fixed  in  three 
to  six  hours.  The  process  may  be  greatly 
accelerated  by  gently  heating  to  blood  tempera- 
ture. 

Formaldehyde  also  hardens  tissues,  making 
albuminous  bodies  firm,  but  not  precipitating 
them. 

All  tissues  save  those  in  which  micro-organisms 
are  to  be  demonstrated  may  be  fixed  with  this 
reagent. 

(b)  Alcohol. — Except  for  fat-containing  tissues 
this  is  the  most  useful  general  fixative,  and 
gives  specially  good  results  where  logwood  is 
used  for  staining,  or  whei'e  bacteria  are  to  be 
demonstrated. 

Pieces  of  tissue  not  thicker  than  one-sixth  of 
an  inch,  and  of  an  area  not  greater  than  three- 
quarters  of  an  inch,  are  placed  in  large  excess 
of  70  to  80  per  cent  alcohol  for  a  few  hours, 
and  then  transferred  to  93  to  95  per  cent  alcohol 
for  at  least  two  days.  The  tissue  should  be 
supported  in  the  upper  part  of  the  alcohol  by 
means  of  cotton-wool.  It  has  the  additional 
advantage  of  hardening  the  tissue. 

Ordinary  methylated  spirit  is  of  a  strength 
of  93  to  95  per  cent,  and  acts  as  well  as  pure 
alcohol. 

(c)  Formaldehyde  {Formic  Aldehyde)  and 
Alcohol. — -Tenjper  cent  of  the  solution  of  formalde- 
hyde or  "  formalin  "  is  added  to  absolute  alcohol 
or  methylated  spirit.  Pieces  of  tissue  of  the 
size  already  mentioned  are  fixed  in  this  medium 
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in  a  few  hours,  and  at  the  same  time  are  so 
hardened  and  dehydrated  that  they  may  be 
passed  on  very  rapidly  to  paraffin  or  celloidin. 
The  alcohol  dissolves  out  any  fat  contained  in 
the  tissues. 

{d)  Corrosive  Sublimate. — The  solution  is  a 
saturated  one  (7  "5  per  cent)  in  normal  salt 
solution  (0"75  per  cent  sodium  chloride). 

This  reagent  is  very  generally  applicable. 
Nuclei  stain  well,  fat  and  bacteria  are  preserved 
and  perfectly  fixed,  so  that  they  stain  well. 

Pieces  of  tissues  up  to  one-half  of  an  inch  in 
thickness,  fix  throughout  in  eighteen  to  twenty- 
four  hours.  After  fixation  they  must  be  left 
in  running  water  for  twenty-four  hours  to 
remove  excess  of  the  fixative.  They  are  then 
transferred  to  gum  and  sugar,  i.e.  a  mixtiire  of 
4  parts  gum  and  3  parts  simple  syrup,  or  if 
the  tissue  is  to  be  embedded  in  paraffin  or 
celloidin,  the  procedure  is  as  follows : — 

Pass  the  tissue  through  successive  strengths 
of  30,  60,  and  90  per  cent  alcohol  or  spirit.  To 
these  add  sufficient  tr.  iodi.  to  give  a  distinct 
brown  colour.  The  iodine  combines  with  any 
mercuric  chloride  left,  producing  the  iodide, 
which  is  more  readily  dissolved  out  than  the 
perchloride.  If  perchloride  be  left  in  the  tissiies 
it  appears  in  the  sections  as  disfiguring  black 
crystals.  The  tissues  show  less  shrinkage  if 
they  are  gradually  dehydrated,  being  left  in 
each  strength  of  alcohol  for  at  least  twelve  hours. 
From  the  pure  spirit,  or  90  per  cent  alcohol, 
they  are  transferred  to  absolute  alcohol  to  com- 
plete dehydration  and  thereafter  the  stages  are 
the  same  for  all  methods. 

After  twelve  hours  transfer  fi-om  absolute 
alcohol  to  an  agent  such  as  cedar  oil  or  chloro- 
form, which  will  mix  with  alcohol  and  dissolve 
paraffin.  Leave  in  cedar  oil  until  transparent, 
or  in  chloroform  until  the  tissue  sinks,  then 
transfer  to  paraffin,  melting  at  46°  C,  or  about 
116°  F.  ;  change  after  two  hours  into  paraffin, 
with  a  higher  melting-point  51°  C,  or  about 
123°  F.,  and  leave  until  all  odour  of  the  cedar 
oil  or  chloroform  has  disappeared.  To  keep  the 
paraffin  melted  a  small  water-bath,  regulated 
at  about  52°  C,  or  125°  F.,  is  required.  The 
initial  cost  is  not  great.  After  penetration  is 
complete  embed  in  freshly  melted  51°  C.  paraffin 

in  a  paper  box,  or  in  the  |     |-shaped  adjustable 

apparatus  sold  with  the  microtomes. 

Cool  rapidly,  holding  the  whole  under  cold 
water  as  soon  as  the  surface  of  the  paraffin  has 
solidified,  so  that  the  paraffin  may  not  form 
large  crystals  which  might  injure  delicate  tissues. 

Embedding  in  Celloidin. — From  the  absolute 
alcohol  transfer  to  a  mixture  of  equal  parts  of 
alcohol  and  ether  over  night,  then  transfer  to 
a  solution  of  celloidin,  in  equal  parts  of  alcohol 
and  ether,  of  the  consistence  of  thin  cream. 
Cork  this  up  and  leave  for  twelve  to  twenty-four 
hours.    Then   transfer  to   a  solution  of  the 


consistence  of  thick  syrup  for  other  twelve  to 
twenty-four  hours,  and  mount  on  a  block  of 
wood  or  cork  of  suitable  size.  Place  a  layer  of 
thick  celloidin  solution  on  the  block,  put  the 
impregnated  tissue  on  this,  and  paint  on  a 
layer  of  celloidin  all  round  and  over  it.  As 
this  dries  apply  other  layers  until  the  tissue  is 
well  supported.  As  soon  as  the  whole  attains 
some  firmness  transfer  to  and  keep  in  80  per 
cent  methylated  spirit,  which  hardens  the 
celloidin. 

2.  Section-cutting. — (a)  From  gum  and  sugar, 
or  from  5  to  10  per  cent  formaldehyde.  Use 
a  Cathcart  ether-freezing  microtome. 

Remove  excess  of  fluid  from  the  tissue,  place 
in  a  drop  of  mucilage  of  acacia  B.P.,  on  the 
zinc  plate,  and  apply  mucilage  all  round  to 
support  it.  Freeze  until  the  whole  is  of  the 
consistence  of  cheese,  and  cut  thin  sections. 

Instructions  for  using  the  microtome  are 
furnished  with  each  instrument. 

Transfer  the  sections  from  the  knife  with  a 
camel's-hair  brush  to  a  bowl  of  cold,  boiled 
water  or  normal  salt  solution,  and  mount  on  a 
clean  slide.  The  advantage  of  using  boiled 
water  is  that,  as  all  the  air  is  boiled  out  of  it, 
no  troublesome  air-bells  form  under  the  section 
as  it  floats  in  the  water. 

(6)  Tissues  embedded  in  paraffin. 

Blocks  prepared  in  the  manner  described  may 
be  cut  with  the  Cathcart  microtome,  being  fixed 
on  a  special  carrier  by  heating  it  gently,  applying 
the  block,  and  cooling  the  whole  in  water,  or 
they  may  be  cut  with  the  Cambridge  rocking 
microtome.  In  both  cases  directions  are  supplied 
with  the  instrument. 

(c)  Tissues  embedded  in  celloidin. 

These  may  be  washed  out  in  water,  soaked 
with  gum  and  sugar,  and  cut  like  tissues 
embedded  in  gum  and  sugar,  care  being  taken 
to  keep  the  knife  moist  with  80  per  cent  spirit. 
Transfer  the  sections  as  cut  to  weak  spirit.  In 
the  case  of  celloidin  better  sections  are  obtained 
if  the  knife  is  carried  obliquely  thi-ough  the 
block,  hence  a  long,  heavy  knife  is  to  be  pre- 
ferred to  the  razor  ordinarily  used  in  the 
Cathcart  microtome. 

If  mounted  on  blocks,  the  blocks  are  fixed  in 
a  special  carrier,  supplied,  if  desired,  with  the 
Cathcart  microtome,  or  special  microtomes 
adapted  for  celloidin  may  be  employed. 

3.  Staining  and  Mounting  of  Sections. 
Sections  cut  by  any  of  these  methods  except 

the  paraffin  method  may  be  stained  immediately 
on  the  slide  or  in  a  watch-glass. 

Paraffin  sections  are  floated  out  on  the  surface 
of  boiled  water  just  under  the  melting-point  of 
the  paraffin,  and  mounted  on  clean  slides  which 
may  be  albuminised. 

To  Alhuminise  Slides. — Take  the  white  of  an 
egg,  shake  it  up  thoroughly  with  nine  parts  of 
distilled  water,  add  about  1  per  cent  of  salicylic 
acid  to  retard  decomposition,  and  filter. 
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Paint  on  a  thin  layer  on  the  slide,  place 
against  a  support,  with  the  albumin  downwards, 
to  dry ;  when  dry  keep  in  a  covered  receptacle. 

Albuminising  is  not  absolutely  necessary  if 
perfectly  clean  slides  be  used. 

A  slide  is  placed  obliqviely  under  the  paraffin 
section  floating  in  the  water,  and  the  edge  of 
the  latter  drawn  on  to  it  by  means  of  a  needle. 
The  slide  is  then  gently  raised  out  of  the  water, 
bearing  the  section  with  it.  It  is  dried  and 
kept  at  room  temperature  over  night,  or  pref- 
erably in  a  watei'-bath,  the  temperature  of 
which  is  regulated  near  the  melting-point  of  the 
paraffin  in  order  to  fix  the  section  to  the  slide. 

Before  staining,  the  paraffin  must  be  dissolved 
out  with  benzole,  turpentine,  or  xylol,  the 
solvent  washed  out  with  strong  spirit,  and  the 
spirit  washed  out  with  water. 

Celloidin  sections  are  usually  stained  without 
removal  of  the  celloidin. 

Staining  of  Sections 

Picro-carmine. — Cover  the  section  with  a  few 
drops  of  Ranvier's  picro-carmine  and  allow  to 
act  for  a  half  to  one  hour.  Remove  excess  with 
blotting-paper — do  not  wash — and  gently  drop 
some  Farrant's  glycerine  mounting  medium  on 
the  centre  of  the  section.  Lower  a  cover-glass 
on  to  this,  as  already  described  in  the  prepara- 
tion of  a  "Scraping  of  Tissues"  (p.  211).  The 
staining  gradually  improves. 

Hoematoxyliji.  —  While  picro-carmine  gives 
very  good  results,  a  preference  is  shown  by 
most  workers  for  a  method  which  will  give  a 
more  rapid  differentiation  of  tissues,  and  especi- 
ally of  nuclei.  Such  a  method  is  that  now  to 
be  described.  It  is  a  little  more  complex  than 
the  former,  but  with  a  little  practice  facility  in 
its  employment  is  readily  attained. 

As  the  active  colouring  agent  in  most  hsemat- 
oxylin  stains  is  the  same — hsematein — it  is 
only  necessary  for  ordinary  purposes  to  give  the 
method  of  using  one  of  the  more  dependable  of 
the  hsematoxylin  stains — that  introduced  by 
Ehrlich. 

Ehrlich's  hsematoxylin  may  be  bought  ready 
for  use,  or  may  be  prepared  as  follows : — 
Hsematoxylin,  2  grains ;  absolute  alcohol,  60 
cubic  centimetres.  Dissolve,  then  add — glycer- 
ine, 60  c.c.  ;  distilled  water,  60  c.c. ;  glacial 
acetic  acid,  3  c.c. ;  ammonia  alum  to  excess. 

Expose  to  the  light,  frequently  opening  and 
shaking  until  the  liquid  acquires  a  deep  port- 
wine  colour.  This  usually  requires  two  months. 
If  carefully  stoppered  the  staining  powers 
remain  constant  for  years. 

Stain  sections  of  "fixed"  tissues  for  fifteen 
minutes. 

Apply  a  1  per  cent  solution  of  hydrochloric 
acid  in  water  or  spirit  to  limit  the  stain  to 
nuclei.  This  changes  the  section  to  a  distinct 
red  colour.  The  hsematoxylin  at  this  stage  is 
acid  and  permanent,  so  that  it  must  be  rendered 


alkaline  by  washing  in  tap-water  for  one  to  two 
hours,  or  for  a  few  seconds  in  water  to  which  a 
drop  of  strong  ammonia  has  been  added.  After 
using  ammonia  wash  thoroughly  in  tap-water. 

The  hsematoxylin  is  now  blue  and  practically 
permanent. 

Counter-stain  for  one  minute  in  0*5  per  cent 
solution  of  eosine  in  water,  wash  in  water,  pass 
through  methylated  spirit  and  absolute  alcohol 
to  dehydrate,  clarify  in  clove  oil,  benzole, 
turpentine,  or  xylol,  and  mount  in  Canada 
balsam  dissolved  in  benzole  or  xylol. 

It  must  again  be  noted  that  sections  stained 
in  picro-carmine  must  be  mounted  in  Farrant's 
medium  only. 

If  picro-carmine  sections  be  dehydrated  in 
alcohol  and  mounted  in  balsam,  the  picric  acid 
is  dissolved  out  wholly.  If,  however,  a  trace  of 
picric  acid  be  added  to  the  clarifying  agent 
the  colour  will  be  restored,  but  the  result  is  not 
very  satisfactory  except  in  the  hands  of  skilled 
workers. 

For  ordinary  purposes  of  diagnosis  no  other 
stains  are  required. 

Fat. — To  demonstrate  the  presence  of  fat, 
sections  may  be  cut  by  any  of  the  freezing 
methods  detailed,  and  stained  black  with  osmic 
acid  or  orange  with  sudan. 

Osmic  acid  is  used  in  i  to  -^^  per  cent 
solution  in  distilled  water,  a  stock  solution  of 
a  1  per  cent  strength  being  kept  in  a  black 
stoppered  bottle. 

Sudan  iii.  is  employed  as  a  saturated  solution 
in  70  per  cent  alcohol.  In  both  cases  the  stain 
is  applied  till  the  required  colour  is  obtained. 
The  osmic  acid  preparations  are  mounted  in 
Farrant's  medium,  or  dehydrated  and  mounted 
in  balsam ;  the  sudan  preparations  can  be 
mounted  in  Farrant's  medium  only. 

For  the  special  methods  of  staining  applicable 
to  nerve  cells  and  fibres  the  reader  is  referred  to 
Ford  Robertson's  Pathology  of  Mental  Diseases. 

C.  Bacteriological  Investigations 

This  subdivision  of  the  paper  should  be  read 
in  conjunction  with  earlier  articles  on  Fluids, 
Bacteriological  Examination  of  ;  Micro- 
organisms ;  and  Microscope. 

Bacteria  may  be  examined  as  they  occur  in 
tissues  or  fluids,  or  after  separation  from  these 
by  cultivation  on  suitable  media,  or  by  inocula- 
tion into  animals. 

This  last  expedient  need  not  be  referred  to 
further  than  to  impress  upon  the  reader  the 
fact  that  it  may  not  legally  be  practised  unless 
in  a  place  specially  registered  for  the  purpose, 
and  unless  the  investigator  have  obtained  a 
special  license  under  Act  39  aud  40  Vict. 

The  routine  method  of  examination  may  be 
summarised  thus,  taking  the  case  of  a  patho- 
logical fluid  : — 

1.  Examine  films  stained  by  "simple"  and 
"  differential "   methods,  using  a  high  power 
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(700  to  1000  diameters  or  more).  In  some 
cases  this  may  suffice  for  diagnosis,  but  in  most 
cases  it  is  insufficient,  and  the  individual 
organisms  are  "separated"  out  by  cultivation 
methods,  and  then  examined  in  pure  cultures, 
(1)  microscopically;  (2)  by  their  behaviour  in 
different  culture  media ;  and  (3),  if  required, 
by  inoculation  into  animals.  In  this  manner, 
sometimes  easily,  often  only  after  a  tedious 
investigation,  the  identity  of  bacteria  is  made 
out. 

Only  methods  which  require  little  time  in 
performance,  and  a  minimum  of  apparatus, 
shall  be  described  in  this  article. 

A.  Staining  for  bacteria,  and  the  deductions 
to  be  drawn  from  the  results  obtained. 

Before  staining  can  proceed  thin  sections  of 
tissues  or  thin  films  of  fluids  must  be  obtained. 

(a)  The  method  of  obtaining  thin  sections 
has  been  described  in  the  last  section  of  this 
paper,  and  here  it  is  only  necessary  to  repeat 
that  tissues  are  best  prepared  for  bacteriological 
staining  methods  by  fixation  in  alcohol  or  in 
corrosive  sublimate. 

(6)  The  preparation  of  films  has  now  to  be 
described. 

The  cover-glass  should  be  thin,  perferably 
No.  1,  for  work  with  oil-immersion  objectives 
(see  article  on  Microscope),  and  circular,  the 
latter  being  an  important  point  particularly  for 
those  comparatively  unaccustomed  to  work  with 
such  fragile  articles,  as  the  square  cover-glasses 
are  more  rapidly  broken. 

Boil  these  in  10  per  cent  solution  of  hydrate 
or  carbonate  of  soda ;  wash  thoroughly  in  tap 
water  ;  drain  and  pass  through  strong  mineral 
or  acetic  acid  ;  again  rinse  thoroughly  in  water, 
and  keep  in  a  covered  glass  jar  in  a  mixture  of 
equal  parts  of  alcohol  and  water  containing  a 
little  pure  ammonia. 

Be  careful  not  to  touch  cover-glasses  at  any 
stage  with  the  fingers ;  when  prepared  in  this 
way,  they  should  be  pei-fectly  clean. 

Pick  up  a  clean  cover-glass  with  dissecting 
forceps  and  wipe  dry  with  a  clean,  old  piece  of 
linen  or  silk,  then  catch  it  at  the  edge  with  a 
Cornet's  spring  forceps. 

1.  In  the  case  of  discharges  or  fluids  gener- 
ally, make  a  small  loop  (one-sixteenth  of  an 
inch  in  diameter)  at  the  end  of  a  platinum 
needle,  sterilise  the  needle  by  making  it  glow  in 
a  spirit  or  Bunsen  flame  ;  when  cool,  take  up  a 
loopful  of  the  fluid  and  spread  thinly  and  evenly 
over  the  whole  surface  of  the  cover-glass,  work- 
ing from  the  centre  to  the  periphery. 

If  the  discharge  be  thick,  place  the  drop  on 
one  cover-glass  and  invert  another  upon  it. 
Allow  the  fluid  to  spread  out  in  a  thin  layer,  or, 
if  necessary,  exert  gentle  pressure  and  slide  the 
cover-glasses  apart.  Place  each  with  the  film 
side  uppermost  on  a  piece  of  white  absorbent 
paper  and  allow  to  dry. 

2.  When  making  a  film  from  a  culture  (see 


later),  firstly,  place  a  loopful  of  water,  prefer- 
ably distilled,  on  the  cover-glass,  pick  out  a 
minute  quantity  of  the  culture  with  a  straight 
sterilised  platinum  needle,  mix  up  with  the 
water,  and  then  spread  out  as  before. 

Drying  may  be  hastened  by  waving  in  the 
air,  or  by  holding  the  film  high  over  a  flame. 

Fixation  of  Film. — Pass  the  cover-glass,  film 
side  up,  through  a  spirit  or  Bunsen  flame  three 
times,  at  about  the  rate  of  the  swing  of  the 
pendulum  of  an  eight-day  clock,  pausing  at  the 
end  of  each  swing. 

The  film  is  now  ready  for  the  stain. 

The  colouring  agents  used  belong  to  the 
class  of  anilin  dyes,  and  must  be  basic.  They 
also  act  upon  cells  or  tissues,  if  present,  and  in 
order  to  render  the  bacteria  distinct,  these  less 
important  objects  have  to  be  decolorised.  When 
used  in  this  manner  the  agent  is  called  a 
"simple"  stain,  no  other  colouring  agent  being 
employed. 

Under  certain  circumstances  which  will  be 
explained  later  (vide  Gram's  stain,  and  Ziehl- 
Neelsen's  stain  for  tubercle),  certain  organisms 
retain  a  stain  more  firmly  than  others,  so  that 
they  resist  decolorisation,  and  stand  out  very 
clearly.  The  decolorised  organisms  or  tissues 
present  may  thereafter  be  stained  with  another 
reagent,  so  as  to  render  the  contrast  still  more 
distinct.  Such  a  method  of  staining  is  termed 
"  differential,"  and  is  of  great  use  in  determining 
the  identity  of  organisms. 

It  will  be  evident  from  the  foregoing  that 
over-staining  with  subsequent  decolorisation  is 
the  rule  in  bacteriology. 

It  is  advisable  to  obtain  the  following  stock 
solutions  of  reagents,  with  which  all  the 
ordinary  investigations  may  be  carried  out.  A 
few  other  reagents  which  are  not  absolutely 
essential  will  be  mentioned  as  occasion  for  their 
employment  arises. 
Stains  : — 

1.  Saturated  alcoholic  solution  of  methy- 

lene blue. 

2.  Saturated  alcoholic  solution  of  gentian 

violet. 

3.  Saturated  alcoholic  solution  of  basic 

fuchsin. 
Vehicles  or  Mordants  : — 

4.  One  per  cent  watery  solution  of  caustic 

potash. 

This  is  further  diluted  in  compound- 
ing the  stain. 

5.  Anilin  water. 

Place  excess  of  pure  anilin  oil  in  a 
stoppered  bottle ;  fill  with  dis- 
tilled water,  shake  frequently, 
and  filter  twice  before  using, 
wetting  the  filter-papers  with 
water.  The  water  takes  up  4 
per  cent  of  the  oil. 

6.  Five  per  cent  watery  solution  of  car- 

bolic acid. 
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Other  reagents : — 

7.  Absolute  alcohol. 

8.  Pure  anilin  oil. 

This  may  be  used  for  dehydrating 
films  or  sections  instead  of 
absolute  alcohol,  which  is  very 
apt  to  take  up  water  from  the 
atmosphere,  particularly  when 
used  only  at  long  intervals. 
The  method  of  employment  is 
described  later. 

9.  Pure  sulphuric  acid. 

This  may  be  kept  in  25  per  cent 
strength. 

10.  Glacial  acetic  acid. 

These  reagents  should  be  preserved 
in  glass-stoppered  bottles. 

11.  Xylol. 

12.  Canada  balsam  in  xylol. 
Accessories : — 

13.  Platinum  needle  in  handle.    14.  Cor- 

net's forceps.  15.  Glass  slides.  16. 
Spirit-lamp  or  Bunsen.  17.  Small 
cubic-centimetre  measure.  18.  Filter 
paper.  19.  Six  watch-glasses. 
When  required  the  reagents  are  prepared  and 
used  thus  : — 

All  compound  stains  must  be  filtered  immedi- 
ately before  use. 

1.  Methylene  blue.    Loeffler's  alkaline  me- 
thylene blue : — 

Stock  solution  of  methylene  blue, 
three  parts.  Aqueous  solution  of 
cavistic  potash  (1 '10000)  ten  parts, 
mix  and  filter.  In  the  case  of 
the  caustic  potash,  add  ninety- 
nine  parts  of  distilled  water  to 
one  of  the  stock  solution  to  make 
the  1 -10000  solution.  The  made- 
up  stain  keeps  for  about  three 
weeks. 
Method : — 

Stain  a  film  for  five  minutes ;  a 
section  for  ten  minutes.  Wash 
in  water.  Decolorise  in  acetic 
acid,  three  drops  to  half  a  pint 
of  tap-water.  Wash  again,  prefer- 
ably in  distilled  water.  Dry  par- 
tially with  filter-paper.  In  the 
case  of  a,  film,  complete  dehydra- 
tion by  holding  high  over  a  flame, 
and  mount  in  balsam  forthwith. 
In  the  case  of  a  section :  Dehy- 
drate rapidly  in  absolute  alcohol. 
Clarify  in  xylol.  Mount  in  balsam. 
Or :  Remove  excess  of  water  with 
filter -paper.  Apply  a  drop  or 
two  of  pure  anilin  oil  until  per- 
fectly transparent.  Wash  in  xylol 
and  mount  as  before. 
Films  may  also  be  dehydrated  by  these 
methods. 

Eisks. — Absolute  alcohol  is  apt  to  decolor- 


ise a  methylene  blue  preparation  too  much,  so 
that  it  is  well  not  to  remove  too  much  of  this 
stain  with  the  acetic  acid. 

Alternative  Stai7i. — Thionin  blue,  1  gramme 
in  100  c.c.  of  a  2|  per  cent  solution  of  carbolic 
acid,  may  be  substituted  for  alkaline  methylene 
blue,  and  employed  in  the  same  manner.  This 
stain  is  more  permanent  and  resistant  and  is 
preferred  to  methylene  blue  by  many.  Before 
using,  dilute  with  two  parts  distilled  water. 

2.  Gentian  violet : — 

Stock  solution  of  gentian  violet, 
one  part  (11  per  cent).  Anilin 
water,  nine  parts  (89  per  cent). 
The  made-up  stain  keeps  for  six 
to  eight  weeks.  This  is  a  very 
useful  stain,  and  may  be  used 
both  as  a  "  simple "  and  as  a 
"differential"  stain.  (1)  Simple 
staining  with  gentian  violet. 
Stain  as  with  methylene  blue. 
Decolorise  with  methylated  spirit 
or  alcohol  until  of  a  pale  grey 
colour.  Dehydrate  and  mount 
in  balsam.  (2)  Diff'erential  stain- 
ing with  gentian  violet. 
Gram's  method : — 

Stain  as  before.    Wash  off"  excess 
in  tap-water.    Apply  Gram's  fix- 
ative solution  : — Iodine,   1  part 
(gramme).    Potass,  iodide.  2  parts 
(grammes).     Water,   300  parts 
(cub.  cent.).    For  one  half  minute 
for  films,  two  minutes  for  sections. 
Decolorise  in  methylated  spirit, 
or  70  per  cent  alcohol.  Contrast 
stain  in  0*5  per  cent  watery  eosine 
(this  is  not  absolutely  essential). 
Dehydrate  and  mount  in  balsam. 
It  is  supposed  that  the  proteid  of  certain 
organisms  forms  with  the  gentian  violet  and 
the  iodine  a  compound  insoluble  in  alcohol. 

A  modification  of  this  method  which  some- 
times gives  better  results,  particularly  in  the 
case  of  sections,  may  be  described,  as  it  can  be 
carried  out  with  the  agents  at  our  disposal.  It 
may  be  used  in  all  cases  in  which  Gram's  method 
is  indicated. 

Weigert's  method: — 
Stain  with  gentian  violet.  Wash 
in  1'600  solution  of  common  salt. 
Dry  with  filter-paper.  Apply 
the  iodine  fixative  solution.  Dry 
with  filter  -  paper.  Decolorise, 
and  at  the  same  time  complete 
dehydration  with  anilin  oil,  three 
parts,  and  xylol  one  part.  Wash 
in  xylol  and  mount. 

3.  Fuchsin.    Ziehl-Neelsen's  method. — This 

stain  is  used  especially  for  demon- 
stration of  the  tubercle  bacillus. 
Stock  solution  of  fuchsin,  1  part. 
Five  per  cent  carbolic  acid,  8  parts. 
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Or  add  the  fuchsin  solution  to  the  carbolic 
acid  in  a  test-tube  until  precipitation  begins. 
On  heating,  the  turbidity  disappears. 

Filter  some  of  the  stain  into  a 
watch-glass.  Heat  gently  until 
all  turbidity  or  surface  metallic 
shimmer  disappears,  then  drop 
in  the  film  or  section,  face  down. 
Continue  heating  gently,  until  a 
bubble  of  steam  rises,  then  keep 
hot  for  five  minutes.  Remove 
the  film  or  section.  Wash  in  tap- 
water  and  decolorise  thoroughly 
in  spirit  or  alcohol.  Complete 
decolorisation  in  25  per  cent 
sulphuric  acid,  allowing  to  act 
for  five  minutes.  Wash  in  tap- 
water.  For  contrast  stain  use 
alkaline  methylene  blue,  or  aqueous 
methylene  blue,  made  by  adding 
a  few  drops  of  stock  solution  to 
distilled  water  until  a  deep  blue 
is  obtained.  Dehydrate,  clear, 
and  mount. 

Tt  is  important  to  commence  decolorisation 
with  alcohol,  as  this  aflbrds  a  fairly  accurate 
means  of  differentiating  the  tubercle  bacillus 
from  other  "acid-fast"  (acid-resisting)  organisms. 

Spores. — If  the  above  stain  be  allowed  to  act 
longer — fifteen  to  twenty  minutes — it  may  be 
;ised  for  demonstrating  spores  in  organisms 
which  projaagate  by  that  method,  weaker 
sulphuric  acid  (1-5  per  cent)  being  vised  to 
decolorise. 

Flagella. — For  methods  of  staining  flagella 
the  reader  is  referred  to  any  of  the  text-books 
on  practical  bacteriology. 

There  is  a  considerable  number  of  diseases  in 
which  one  may  hope  for  help  in  diagnosis  by 
adopting  the  above  procedures — for  example, 
suppurations,  abscesses  localised  or  spreading, 
gonorrhoea,  periostitis  and  osteomyelitis,  ery- 
sipelas, pneumonia,  tuberculosis  particularly 
pulmonary,  leprosy,  influenza,  anthrax  or  malig- 
nant pustule,  acute  spreading  gangrene,  tetanus, 
plague,  actinomycosis. 

Although  given  a  list  of  such  favourable 
length,  the  reader  must  not  conclude  that, 
provided  the  staining  methods  be  carried  out 
correctly,  he  will  be  able  therefrom  to  formulate 
a  diagnosis  in  every  case  he  examines,  conditions 
clinically  similar  being  frequently  caused  by 
bacteria  which  are  quite  dissimilar.  Still,  in 
the  majority  of  cases  one  may  expect  assistance, 
and  in  very  many  one  can  make  an  accurate 
diagnosis  from  such  examinations. 

In  abscesses  one  may  expect  to  find  most 
commonly  cocci  singly,  in  clusters,  or  in  chains. 
The  films  should  be  stained  with  a  simple  stain, 
or  by  Gram's  or  Weigert's  methods.  The  pyo- 
genic cocci  retain  the  stain  by  the  latter  methods. 
To  determine  their  identity  they  must  be 
separated   by  cultivation   on  suitable  media. 


Chains  (streptococci)  are  usually  found  iu  acute, 
rapidly  spreading  abscesses. 

Suppurations  occurring  during  the  course  of 
pneumonia  and  typhoid,  whether  of  soft  parts 
or  bone,  may  be  caused  by  the  organisms  associ- 
ated with  these  diseases.  The  diplococcus  of 
pneumonia  (Sternberg  and  Frankel)  may  often 
be  readily  distinguished  by  staining  methods, 
its  double  lanceolate  shape  and  capsule  marking 
it  out  from  other  cocci  present,  especially  if 
stained  by  Gram's  method ;  but  if  bacilli  are 
found  in  abscesses  during  typhoid  fever  one 
must  not  conclude  without  very  careful  investi- 
gation, for  which  great  experience  and  special 
methods  are  requii'ed,  that  these  are  the  bacilli 
of  typhoid,  as  many  other  organisms  may  be 
present.  In  empyema  the  diplococcus  of  pneu- 
monia should  be  looked  for  (see  p.  151). 

In  periostitis  and  osteomyelitis  bacteriological 
investigation  of  the  pus  is  usually  not  carried 
out  to  diagnose  its  presence,  as  that  depends 
more  on  clinical  data,  but  to  determine  its 
character  so  as  to  direct  treatment.  The  most 
common  organism  found  is  the  staphylococcus 
pyogenes  aureus,  but  streptococci  may  be  found, 
and  their  presence  in  certain  cases  may  call  for 
the  use  of  anti-streptococcic  serum. 

Where  the  suppuration  is  tuberculous  in 
origin  one  may  frequently  by  Ziehl-Neelsen's 
method  demonstrate  the  presence  of  the  tubercle 
bacillus. 

Gonorrhoea. — When  a  suppurative  urethritis 
with  production  of  creamy  greenish  yellow  pus 
occurs  shortly  after  connection,  one  may  hope 
by  staining  simply  with  methylene  blue  or 
thionin  to  find  gonococci  of  characteristic  double 
character  in  the  protoplasm  of  the  pus  cells. 
This  absohitely  confirms  the  diagnosis,  the  only 
organism  which  might  cause  confusion — so  far 
as  is  known — being  a  diplococcus  occurring  in 
puerperal  cystitis,  and  this  stains  by  Gram's 
method,  whereas  the  gonococcus  becomes  de- 
colorised. In  later  stages  the  bacteriological 
diagnosis  cannot  be  so  confident,  and  cultivation 
in  Wertheim's  medium  has  to  be  employed. 
This  is  composed  of  a  mixture  of  human  blood 
and  agar.  Its  method  of  employment  need  not 
be  referred  to  here. 

In  erysipelas,  fluid  from  the  vesicles  at  the 
spreading  edge  or  obtained  by  puncture  may  be 
examined  by  staining  or  cultural  methods,  and 
found  to  contain  streptococci. 

Pneumonia. — The  "  rusty  "  sputum  should  be 
examined  by  "simple"  stains  or  by  Gram's 
method  to  demonstrate  the  diplococcus  with 
its  capsule. 

Pulmonary  Ihiberculosis  (clin.  phthisis  pul- 
monalis). — The  sputum  from  a  suspected  case 
mixed  with  1-20  carbolic  acid  if  desired,  should 
be  placed  in  a  flat  glass  dish,  and  the  small 
yellow  points  picked  out  and  crushed  between 
cover-glasses,  or,  if  these  be  not  prominent,  a 
drop  of  the  yellow  part  of  the  sputum  should 
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lae  taken.  The  films  are  stained  by  Ziehl- 
Neelsen's  method.  The  tubercle  bacilli  stand 
out  as  red  rods  upon  a  blue  ground.  Other 
organisms  present  are  stained  by  the  methylene 
blue  contrast  stain. 

A  scraping  from  a  leprous  nodule  or  sections 
of  it  may  also  be  stained  by  this  method.  The 
bacilli  are  found  in  clusters  in  the  "  lepra  "  cells, 
and  also  free. 

Injitienza. — The  bacillus  of  influenza  is  very 
minute  and  difficult  to  demonstrate.  The  best 
stain  to  use  is  Ziehl-Neelsen's,  diluted  with  four 
times  its  bulk  of  distilled  water,  and  filtered. 
This  should  be  allowed  to  act  for  half  an  hour, 
and  subsequent  decolorisation  in  weak  acetic 
acid  should  not  be  carried  far.  The  bacilli  often 
occur  in  clusters,  the  long  axes  pointing  mostly 
in  one  direction,  and  they  show  end-staining, 
the  central  part  of  the  rod  being  only  faintly 
stained,  so  that  they  may  resemble  minute 
diplo-forms. 

Anthrax. — The  bacillus  is  of  large  size  and 
thick,  and  may  be  demonstrated  by  Gram's 
method  in  sections  of,  or  in  fluid  from,  the 
vesicles  on  the  raised  edge  of  the  malignant 
pustule.  Cultivation  methods  should  also  be 
practised. 

Acute  Spreading  Gangrene. — The  most  im- 
portant variety  of  this  is  malignant  oedema, 
and  great  care  must  be  employed — as  in  the 
case  of  anthrax — to  avoid  inoculating  one's  self. 
Here  again  fluid  from  simple  puncture,  or  ob- 
tained in  a  sterilised  hypodermic  needle,  may 
be  examined  for  the  bacillus  of  malignant 
oedema,  which  may  present  an  oval  spore  lying- 
near  the  centre  of  the  rod.  This  must  in 
addition  be  examined  by  anaerobic  culture 
methods. 

In  cases  of  tetanus  the  discharge  from  the 
primary  wound  may  be  examined  by  staining, 
but  the  bacillus  is  not  always  found  in  this  way. 
Cultural  methods  should  always  be  tried. 

Plague.  —  Fluid  obtained  by  hypodermic 
puncture  is  examined  by  simple  staining 
methods,  and  by  culture  on  agar.  Here  again 
excessive  caution  is  demanded.  Buboes,  when 
punctured,  usually  break  down  early.  In 
pneumonic  plague  the  sputum  may  show  both 
plague  bacilli  and  Frankel's  diplococcus,  and  it 
may  be  difficult  to  distinguish  between  them, 
even  though  the  former  does  not  stain  by 
Gram's  method.  The  plague  bacillus  is  usually 
somewhat  oval,  and  shows  marked  end-staining. 

Actinomycosis. — The  pus  is  thin,  and  contains 
minute  yellowish  points,  which  should  be  picked 
out  and  examined  after  staining  by  Gram's 
method.  Usually  an  irregular  felted  collection 
of  filaments  is  found,  in  which  dichotomous 
branching  may  be  distinguished. 

These  are  some  of  the  diseases  which  may  be 
met  with  by  the  practitioner,  in  which  bacterio- 
logical investigation  by  staining  methods  assists 
•diagnosis. 


B.  Investigation  by  cultivation  on  suitable 
media,  such  as  beef-broth,  agar-agar,  peptone 
gelatine,  glucose  agar,  and  blood  serum. 

Beef-broth,  which  is  also  the  basis  of  agar-agar 
and  peptone  gelatine,  is  made  as  follows : — 

Place  in  an  enamelled  pan  |  lb.  (500  grammes) 
of  minced  lean  beef.  AH  visible  fat  must  be 
removed.  Add  rather  more  than  one  litre 
(35  oz.)  of  water,  and  macerate  for  an  hour  at  a 
gentle  heat  considerably  below  boiling-point, 
then  bring  slowly  to  the  boil.  Allow  to  cool  so 
that  the  fat  solidifies,  filter  through  several 
layers  of  muslin,  and  make  up  to  one  litre. 
To  this  beef-extract,  which  is  simply  a  solution 
of  the  flesh  extractives  and  salts,  and  is  closely 
analogous  to  normal  urine,  is  added  nutrient 
material  in  the  form  of  digested  albumin  (pep- 
tone) and  common  salt. 

Very  good  beef-extract  may  be  made  by  dis- 
solving 3  grammes  of  Liebig's  extract  of  meat 
in  one  litre  of  water. 

To  make  beef-broth  (bouillon)  take  :  peptone, 
10  grammes  (1  per  cent) ;  common  salt,  5 
grammes  (|  per  cent) ;  beef-extract,  1  litre ;  or 
smaller  proportionate  quantities.  Dissolve  with 
the  aid  of  heat.  Test  the  reaction  of  the  result 
with  litmus  paper.  If  acid,  render  faintly 
alkaline  with  a  few  drops  of  10  per  cent  solu- 
tion of  caustic  soda.  Again  boil  thoroughly, 
and  filter  through  moistened  filter-paper  into  a 
perfectly  clean  glass  flask  or  into  test-tubes. 
Plug  with  unmedicated  cotton-wool,  and  ster- 
ilise for  an  hour  on  three  successive  days  in  a 
Koch's  steriliser  or  in  a  potato-steamer. 

The  broth  is  then  ready  for  use. 

A  solid  medium  is,  however,  for  many  pur- 
poses more  convenient,  and  to  obtain  this,  agar 
or  gelatine  (finest  gold  medal)  is  added  to  the 
beef-broth.  The  former  is  for  incubation  at 
high  temperatures,  the  latter  for  cultivation  at 
room  temperatures.  The  agar  and  gelatine  of 
themselves  have  no  nutrient  value. 

The  method  of  preparing  a  litre  of  each  is 
described.  If  properly  sterilised,  they  keep 
indefinitely. 

Agar-gelatine,  or  shortly  "  Agar." 

Agar-agar,  20  grammes  (2  per  cent). 
Beef-broth,  1  litre. 

The  agar  is  cut  up  in  small  pieces  and  soaked 
for  a  quarter  of  an  hour  in  about  1"500  acetic 
acid  in  water.  It  is  then  collected  in  a  piece  of 
muslin  and  washed  thoroughly  in  tap-water 
until  all  traces  of  acid  reaction  disappear. 
This  treatment  facilitates  solution. 

Boil  thoroughly  in  an  enamelled  pan,  avoid- 
ing burning,  until  all  the  agar  is  dissolved.  See 
that  the  reaction  is  still  slightly  alkaline  ;  cool 
down  to  about  45°  C,  and  add  the  white  of  an 
egg  with  the  shell  which  have  been  beaten  up 
with  100  c.c.  of  water.  This  water  helps  to 
make  up  for  loss  by  evaporation.  Shake  up 
and  boil  again  thoroughly,  stirring  the  while  to 
prevent  burning,  until  the  egg  coagulates  and 
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separates.  Filter  hot  through  special  agar 
filter- paper  or  through  pure  cotton -wool  or 
"  glass "  wool.  The  former  gives  the  better 
result,  and  use  of  a  hot  water  jacketed  filter 
renders  the  operation  easier.  Tubes  may  be 
filled  and  plugged  at  once,  or  the  prepared  agar 
kept  in  a  plugged  glass  flask,  the  plug  being 
covered  with  tin-foil. 

Tubes  and  flask  are  sterilised  as  in  the  case 
of  the  broth.  During  cooling  the  tubes  are 
inclined  so  that  the  agar  solidifies  with  a  large 
surface.  Water  of  condensation  collects  in  the 
bottom  of  the  tube. 

Glucose  agar  is  made  by  adding  1  to  3  per 
cent  of  glucose  to  agar.  The  tubes  are  half- 
filled,  and  allowed  to  cool  in  the  erect  position. 

Peptone  gelatine,  or  simply  "  Gelatine." 
Finest  gold  medal  gelatine,  100  grammes. 
Beef-broth,  1  litre. 

Dissolve  with  gentle  heat — preferably  in  a 
flask  in  the  steamer,  neutralise  if  necessary, 
clarify  and  filter.  Fill  tubes  one-third  full, 
and  allow  to  solidify  in  the  erect  position. 

The  manufacture  of  the  media,  particularly 
of  agar,  presents  certain  difficulties,  and  if  they 
be  only  occasionally  required  it  is  better  to  pur- 
chase them  in  tubes  ready  for  use  from  scientific 
instrument  dealers. 

Blood  serum  can  be  very  readily  and  easily 
prepared  by  any  practitioner,  and  is  useful  for 
many  purposes.  The  blood  may  be  human  or 
from  the  lower  animals  (cow  or  sheep). 

Sufficient  blood  may  be  expressed  from  a 
placenta  to  make  two  or  three  tubes.  With 
precautions  as  to  cleanliness  placental  blood,  or 
blood  of  the  cow  or  sheep,  is  collected  in  a  small 
beaker  or  flask,  and  after  the  clot  contracts — 
say  in  ten  hours — the  serum  is  pipetted  off"  into 
sterile  tubes.  These  are  plugged  and  supported 
in  the  steamer  in  an  inclined  position.  The  heat 
is  applied  very  slowly,  and  not  allowed  to  reach 
boiling-point,  but  only  about  80°  C,  so  as  to 
coagulate  the  serum  firmly.  This  requires  one 
and  a  half  to  two  hours.  The  tubes  are  then 
sterilised  for  half  an  liour  on  three  successive 
days.  The  writer  has  found  this  method  of 
preparation  quite  satisfactory,  and  the  resultant 
solidified  serum,  though  nearly  opaque,  gives 
quite  as  good  cultural  results  as  that  prepared 
by  other  methods,  and,  moreover,  no  special 
apparatus  is  required. 

Loeffle7-'s  blood  serum,  on  which  the  diphtheria 
bacillus  grows  best,  is  prepared  by  adding  two 
parts  of  separate  blood  serum  to  one  part  of 
beef-broth,  to  which  1  per  cent  glucose  has  been 
added.    This  is  solidified  as  before. 

For  the  preparation  of  other  media  the  reader 
is  referred  to  any  textbook  of  bacteriology. 

Employment  of  these  Media 
Agar  {or  Blood  Serum). — Take  three  sloped 
tubes.     Singe  off  the  top  of  the  wool  plug, 
passing  the  lip  of  the  tube  through  the  flame. 


If  the  water  of  condensation  be  excessive  remove 
the  plug  and  pour  it  off". 

To  inoculate,  take  a  loopful  of  the  material 
with  the  sterilised  and  cooled  platinum  needle, 
and  holding  a  tube  horizontal,  remove  the  plug 
by  grasping  it  with  the  flexed,  right,  little  finger, 
then  passing  in  the  platinum  needle,  avoiding 
contact  with  the  walls  of  the  tube,  mix  up  the 
material  with  the  fluid  still  remaining  at  the 
bottom  of  the  tube.  Then  draw  the  loop 
gently  back  and  forwards  over  the  surface  of 
the  medium  in  a  zigzag  manner,  so  as  to  pass 
once  over  most  of  the  surface.  Replace  the 
plug,  and  without  recharging  the  needle  repeat 
this  process  with  the  second  and  third  tubes. 
In  the  second  and  third  tubes  the  numbers 
of  organisms  ought  to  be  so  attenuated  that 
separate  colonies  will  develop  on  incubating 
at  37°  C.  for  twenty-four  hours. 

For  this,  an  "incubator,"  in  which  the 
temperature  is  kept  at  a  uniform  temperature 
of  35°  to  37°  C,  or  98°  to  99°  F.,  by  means 
of  a  suitable  regulating  apparatus,  should  be 
employed,  and  is  essential  for  reliable  work, 
though  some  cultures  will  develop  at  room 
temperature  or  by  placing  on  a  mantel-shelf 
above  a  fire.  Portions  of  separate  colonies  thus- 
obtained  are  to  be  picked  out  with  the  straight 
needle,  and  examined  by  "film"  methods 
(p.  214). 

Gelatine. — This  medium  may  be  used  in  the 
same  way  as  agar,  and  incubated  at  room 
temperature,  that  is,  from  18°  to  22°  C. 

It  is  more  often  used  to  test  colonies  which 
have  been  separated  on  agar  or  serum.  Pick 
out  a  little  from  the  centre  of  a  colony  with 
the  straight  sterilised  needle,  stab  this  down 
through  the  centre  of  the  solid  gelatine,  and 
incubate  at  room  temperature. 

Some  organisms  cause  liquefaction  of  the 
gelatine  by  a  peptonising  action,  e.g.  staphy- 
lococci, anthrax,  cholera ;  others  grow  in  a 
characteristic  manner,  forming  a  heaped-up 
mass  on  the  surface  (Friedlander's  diplo- 
bacillus),  or  sending  out  lateral  processes  into- 
the  medium  (anthrax),  or  otherwise  producing 
a  characteristic  appearance. 

Glucose  Agar. — The  tube  should  be  one-half 
full  oi  freshly  prepared  glucose  agar. 

This  medium  may  be  used  in  attempting 
to  separate  anaerobic  organisms,  other  methods 
being  too  complicated  for  performance  by  any 
but  skilled  bacteriologists. 

With  a  long,  straight,  sterilised  platinum 
needle  take  a  quantity  of  the  discharge  or  fluid 
to  be  examined,  and  pass  the  needle  deep  inta 
the  medium.  Replace  the  plug  and  cover  with 
a  tightly  fitting  rubber  cap.  Repeat  the  process 
in  two  other  tubes. 

Incubate  at  37°  C.  for  forty-eight  hours; 
then  examine  the  growth  which  develops  by 
the  film  method.  If  organisms  containing 
spores  be  found,  place  the  tubes  in  water  kept 
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at  a  temperature  of  80°  C.  for  half  an  hour. 
Then  reinoculate  tubes  from  each  and  incubate 
as  before. 

The  exposure  to  a  temperatm'e  of  80°  C. 
should  kill  all  non-sporing  bacteria  present. 

The  resultant  cultures  may  contain  any 
sporing,  anaerobic  organisms,  such  as  tetanus 
or  malignant  oedema,  which  are  often  found 
together. 

The  reader  must  be  warned,  however,  that 
these  are  very  difficult  to  separate. 

Blood  Serum. — This  is  especially  suitable  for 
the  diagnosis  of  diphtheria. 

With  the  sterilised  loop  remove  a  little  of 
the  membrane  from  the  throat  in  a  suspected 
case,  inoculate  successively  three  serum  tubes, 
and  examine  films  after  incubation  for  twelve 
to  twenty  hours.  The  diphtheria  bacilli  develop 
quickly  on  this  medium,  and  if  present,  are 
readily  recognised  on  staining  with  methylene 
blue  or  thionin  blue.  They  also  stain  by 
Gram's  method. 

A  dependable  diagnosis  cannot  be  made  by 
simply  examining  a  film  made  direct  from  the 
throat. 

PoS'tn£lsa.l. — Situated  behind  the  nose, 
e.g.  postnasal  catarrh,  postnasal  adenoids,  etc. 

Postna.ta,l. — Occurring  after  birth,  in 
opposition  to  ante7iatal  (occurring  before  birth). 

Postpartum.  —  Following  labour,  e.g. 
pjostpartum  haemorrhage.  See  Labour,  Post- 
partum HEMORRHAGE. 

POStpharyngreal.  —  Situated  behind 
the  pharynx,  e.g.  postpharyngeal  abscess.  See 
Pharynx,  Retropharyngeal  Abscess. 

Postscarlatinal.  —  Following  scarlet 
fever,  e.g.  postscarlatinal  nej^hritis.  See  Scarlet 
Fever  {Complicatioiis). 

Posture.  See  Labour,  Management  of 
{Posture  in  Second  Stage) ;  Labour,  Pre- 
cipitate and  Prolonged  {Walcher's  Position 
in  Contracted  Pelvis) ;  Position. 

Post  uterine. — Situated  behind  the 
uterus,  e.g.  postuterine  peritonitis,  postuterine 
cellulitis,  etc. 

POStzygapophysiS.— The  inferior  or 
posterior  articular  process  of  a  vertebra. 

Potain's  Aspirator.  See  Aspirator, 
Uses  of  {Apparatus). 

Potain's  Syndrome.— The  associa- 
tion of  certain  symptoms  in  cases  of  dilatation 
of  the  stomach,  viz.  dyspepsia,  dilatation  of  the 
right  ventricle  of  the  heart,  and  accentuation 
of  the  pulmonary  sound. 

Pot-au-feu.  —  A  variety  of  soup,  re- 
sembling Scotch  broth.  See  Invalid  Feeding 
{Sowp-making) . 


Potash  or  Potassium.    See  also 

Angina  Pectoris  {Treatment) ;  Aorta,  Aneur- 
ysm of  {Treatment)  ;  Dermatitis  Traumatica 
et  Venenata  {Potassium  Eruptions)  ;  Diet 
{Mineral  Constituents  of  Food) ;  H^emoglobin- 
URiA  {Toxic);  Kidney,  Surgical  {Actinomycosis, 
Treatment);  CEsophagus  {Inflammation,  Ca^hses); 
Pharmacology  ;  Syphilis  ;  Toxicology  ;  etc. — 
The  metal  itself  is  not  used  in  medicine,  but  is 
represented  by  a  large  number  of  salts. 

1.  PoTASSii  Carbonas. — A  white,  deliquescent 
powder,  known  as  salt  of  tartar,  very  soluble  in 
water.  Dose — 5-20  grs.  As  it  is  very  disagree- 
able to  take,  and  strongly  irritant,  it  is  never 
used  in  medicine  except  for  the  purpose  of 
preparing  other  salts.  From  it  is  prepared 
Liquor  Potassa;,  a  5 "85  per  cent  solution  of 
potassium  hydroxide  (KHO)  in  water.  Dose — 
10-30  m.  freely  diluted.  Potassce  Caustica 
(potassium  hydroxide)  is  made  by  evaporating 
liquor  potassse  and  casting  the  residue  in  moulds. 
Caustic  potash  has  been  used  locally  as  a  caustic 
to  destroy  warts,  lupus,  etc.,  but  as  it  diffuses 
rapidly  and  it  is  difficult  to  limit  its  action  it 
is  not  very  suitable  for  such  purposes.  The 
scraping  of  an  in-growing  toe-nail  is  facilitated 
by  painting  on  a  40  per  cent  solution  of  caustic 
potash.  In  dilute  solutions  it  acts  as  a  sedative 
to  the  skin  and  is  employed  to  relieve  itching. 
Liquor  potasste  is  rather  irritating  for  internal 
use,  but  in  small  doses  it  has  been  recommended 
as  a  gastric  sedative  in  dyspepsia,  and  for  its 
alkaline  effect  on  an  abnormally  acid  urine. 

2.  PoTASSii  Bicarbonas.  —  Large,  opaque, 
colourless  crystals,  soluble  1  in  4  of  water, 
made  by  passing  carbonic  anhydride  through 
a  solution  of  potassium  carbonate.  Dose — 5-30 
grs.  It  is  sometimes  used  in  the  treatment 
of  stomach  conditions  with  hyperacidity,  but 
sodium  bicarbonate  is  generally  preferable.  As 
a  diuretic  and  for  the  purpose  of  diminishing 
the  acidity  of  the  urine  its  place  has  been 
largely  taken  by  the  acetate  and  the  citrate  of 
potash. 

3.  PoTASSii  CiTRAS. — A  whitc,  granular,  deli- 
quescent powder,  very  soluble  in  water,  made 
by  acting  on  potassium  carbonate  with  citric 
acid.  Dose — 10-40  grs.  It  is  the  most  agree- 
able to  take  of  all  the  salts  of  potash.  It  inter- 
feres little  with  digestion,  and  is  used  principally 
for  its  remote  effects  as  a  diaphoretic,  diuretic, 
and  febrifuge.  It  is  powerfully  antiscorbutic, 
but  is  not  so  valuable  for  this  purpose  as  lemon 
juice.  It  is  said  to  be  of  value  in  the  uric  acid 
diathesis.  It  increases  the  bronchial  secretion 
and  diminishes  its  viscidity,  and  is  of  service  as 
a  mild  saline  expectorant.  It  gives  good  results 
as  a  diuretic  in  chronic  Bright's  disease,  and  is 
also  indicated  as  a  diuretic  in  feverish  condi- 
tions. It  is  a  very  suitable  salt  to  use  for  dimin- 
ishing the  acidity  of  the  urine,  as  for  the  pre- 
vention of  the  formation  of  uric  acid  calculi,  and 
in  the  treatment  of  eneuresis  when  this  is  due  to 
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over-acidity  of  the  urine.  Combined  with  lemon 
juice  or  citric  acid  it  forms  a  useful  cooling 
drink  for  feverish  conditions,  especially  in 
children. 

4.  PoTASSii  AcETAS.  —  Deliquescent  white 
crystals  or  masses,  very  soluble  in  water, 
made  from  acetic  acid  and  potassium  carbonate. 
Dose — 10-60  grs.  Its  actions  and  uses  are  the 
same  as  those  of  the  citrate,  but  it  is  especially 
valuable  as  a  diuretic  in  chronic  kidney  disease. 

5.  PoTASsii  Sulphas — Hard,  colourless  prisms, 
soluble  1  in  10  of  watei',  which  occur  native  or 
are  obtained  by  the  action  of  sulphuric  acid  as 
a  potassium  salt.    Dose — 10-40  grs. 

6.  PoTASSii  Tartras. — A  crystalline  powder, 
prepared  by  neutralising  acid  potassium  tartrate 
with  potassium  carbonate.  It  is  very  soluble 
in  water.  Dose — 20-60  grs.  (diuretic) ;  2-4  3 
(purgative). 

7.  PoTASSii  Tartras  Acidus. — Cream  of  tar- 
tar. Obtained  by  the  recrystallisation  of  the 
crude  tartar  deposited  during  the  fermentation 
of  wine.  Dose  —  20-60  grs.  (diuretic) ;  2-8  3 
(purgative). 

These  three  salts  are  excellent  saline  purga- 
tives, causing  large  watery  motions  without 
griping,  and  are  indicated  in  cases  of  dropsy 
and  urtemia  where  it  is  desired  to  abstract  fluid 
from  the  blood.  They  are  also  used  in  weaker 
solution  as  mild  saline  aperients.  They  are  not 
so  widely  employed  for  diuretic  purposes  as  the 
citrate  and  acetate.  "Imperial  Drinks,"  useful 
in  feverish  states,  contain  potassium  tartrate, 
glusidum,  and  oil  of  lemon. 

8.  PoTASSii  Chloras.  —  Colourless  crystals 
with  a  saline  taste,  soluble  1  in  16  of  water, 
prepared  by  passing  chlorine  into  water  holding 
lime  or  magnesia  in  suspension  and  treating  the 
liquid  with  potassium  chloride.  Dose — 5-15  grs. 
Preparation  —  Tx'ochiscus  Potassii  Chloratis. 
3  grains  in  each.  In  virtue  of  its  oxidising  prop- 
erties potassium  chlorate  is  given  in  stomatitis, 
in  pharyngitis,  and  tonsillitis,  either  in  the  form 
of  the  lozenge  or  as  a  gargle  (10  grains  to  the 
ounce).  It  is  especially  serviceable  in  the  sore 
mouth  arising  from  treatment  by  mercury.  Its 
administration  during  pregnancy  is  said  to 
prevent  miscarriage,  and  it  is  therefore  indi- 
cated in  cases  of  habitual  abortion. 

9.  Potassii  Nitras.  —  Nitre  or  saltpetre. 
White  striated  prisms,  soluble  1  in  4  of  water. 
It  is  sometimes  employed  as  a  diuretic,  but  the 
citrate  and  acetate  are  much  preferable.  The 
fumes  from  burning  nitre  relieve  asthma,  and 
it  is  a  common  ingredient  of  asthma  powders. 
Pieces  of  blotting-paper  soaked  in  a  20  per  cent 
solution  of  nitre  and  dried  may  be  burned  and 
the  fumes  inhaled  by  the  patient. 

10.  Potassii  Bichromas. — Large  orange-red 
crystals,  soluble  1  in  10  of  water.  Dose—~^-\ 
gr.  in  capsule  or  as  a  pill  with  kaolin.  It  has 
been  recommended  for  dyspepsia  and  gastric 
ulcer. 


Potassii  Brom id um.  ;S'ee  Bromum. 

Potassii  lodidum.    See  Iodine. 

Potassii  OieaS  is  Sapo  Mollis  or  soft 
soap. 

Potassii  Permang^anas.  aS'^sMan- 

GANESIUM. 

Potassii  SuipllU rata.  >S'ge  Sulphur. 

Potato  Cream.  See  Scurvy,  Infantile 
(Treatment,  Diet). 

Potato  Culture. —  The  growing  of 
bacteria  on  potatoes  as  a  culture  medium. 

Potatoes.  See  Diet  {Vegetable,  Roots 
and  Tubers) ;  Diabetes  Mbllitus  {Treatment, 
Diet). 

Poteriodendron.  See  Physiology, 
Tissues  {Nerve,  Structure  and  Development). 

PotiO  or  Potion. — A  draught  or  dose 
of  a  liquid  medicine  or  mixture. 

Potomania. — Delirium  tremens  {q.v.). 

Potter's  Astlima  or  Potter's 

PllthisiS. — A  form  of  fibroid  phthisis  due 
to  the  inhalation  of  dust  by  the  workers  in 
potteries.    See  Lungs,  Pneumonokoniosis. 

Pottery  Works.  See  Trades,  Danger- 
ous {Lead-Poisoning). 

Pott's  Aneurysm.  —  An  aneurysmal 
varix  or  arterio  -  venous  aneurysm ;  Bell's 
aneurysm. 

Pott's  Disease.  See  Spine,  Surgical 
Affections  of  {Spinal  Caries) ;  see  also  Chest, 
Deformities  of  {Deformities  due  to  Pott's  Dis- 
ease) ;  Osteo-Arthropathies  {in  Pott's  Disease). 

Pott's  Fracture.  See  Ankle- Joint, 
Region  of.  Injuries  {Fractures  in  Vicinity 
of) ;  Deformities  {Talipes  Valgus  after  Pott's 
Fracture). 

Pouch. — A  cul-de-sac  or  pocket,  e.g.  the 
pouch  of  Douglas  behind  the  uterus.  See 
Generation,  Female  Organs  of  {Ligaments  of 
the  Uterus) ;  Labour,  Injuries  to  the  Genera- 
tive Organs  (Lacerations of  the  Vagina);  Pelvis, 
Perineum  and  Pelvic  Floor  (Vaginal  Entero- 
cele). 

Poudrette. — A  form  of  artificial  manure 
made  by  treating  night-soil  with  sulphuric 
acid. 

PougeS-ieS-Eaux.  See  Balneology 
(France,  Calcareous  Waters). 

Pouiet'S  Forceps. — A  form  of  axis- 
traction  midwifery  forceps. 

Poultice. — A  cataplasm  or  external  appli- 
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cation  to  the  skin  made  usually  of  linseed  meal, 
bread,  bran,  mustard,  or  oatmeal  moistened  with 
boiling  water,  and  spread  upon  linen  or  muslin, 
for  soothing  or  for  counter-irritant  purposes. 

Poupart's  Lig-ament.— The  fascial 

band  stretching  from  the  anterior  superior  spine 
of  the  ilium  to  the  spine  of  the  pubis. 

Poupart's  Line. — The  artificial  line 
drawn  perpendicularly  upwards  from  ,.  point 
in  Poupart's  ligament  midway  between  the 
anterior  superior  iliac  spine  and  the  symphysis 
pubis ;  it  is  one  of  the  lines  drawn  upon  the 
abdomen  to  mark  it  off  into  regions. 

Powder.— In  Pharmacy  a  powder  (pulvis) 
is  a  drug  (or  drugs)  in  a  finely  divided  form ; 
there  are  several  official  pulveres,  such  as  the 
pulvis  rhei  compositus,  the  pulvis  jalapm  com- 
positus,  and  the  pulvis  opii  compositus.  See  also 
Dover's  Powder  ;  James's  Powder  ;  etc. 

Powers. — The  term  applied  to  one  of  the 
factors  of  parturition,  viz.  the  expulsive  forces, 
the  other  factors  being  the  passages  and  the 
products.    See  Labour,  Mechanism. 

Pozzuoli.  See  Balneology  {Italy, 
Mwriated  Alkaline  Waters). 

Practitioner.  See  Medicine,  Medical 
Practitioner,  Law  as  to. 

Prae- — in  compound  words  prce-  (Lat.  prm, 
before)  means  before  or  in  front  of,  e.g.  prm- 
putium  (the  foreskin).    See  also  Pre-. 

Prascordia.  —  The  thoracic  region  in 
front  of  the  heart ;  proecordialgia  is  pain 
referred  to  this  region.  See  Asphyxia  {Treat- 
ment, Hot  Water  to  the  Prcecordia). 

Praecuneus. — The  quadrate  lobule  seen 
on  the  mesial  surface  of  the  parietal  lobe  of  the 
cerebral  hemisphere. 

Prague  MetllOd.  See  Labour,  Man- 
agement of  {Podalic  Presentations,  Delivery  of 
the  Head). 

Prairie  Itch. — This  name  has  been  given 
to  various  itching  skin  diseases  (including 
scabies)  believed  to  be  caused  or  favoured  by 
the  fine  dvist  of  the  prairie. 

Pre— In  compound  words  pre-  (Lat.  prce, 
in  front  of)  means  before  or  in  front  of  in  time 
or  place  or  value;  e.g. pre-albuminm-ia  (preceding 
the  appearance  of  albuminuria),  predicrotic 
(preceding  the  dicrotic  wavelet  of  a  pulse 
tracing),  pregenital  (in  front  of  the  external 
genital  organs),  presacral  (in  front  of  the 
sacrum),       prevesical  (in  front  of  the  bladder). 

Preagonal. — Occurring  just  before  death, 
during  the  agony  or  death-struggle ;  leucocyt- 


osis  frequently  occurs  at  this  time  (terminal  or 
preagonal  leucocytosis). 

Preauricular. — Situated  in  front  of 
the  external  ear  or  auricle,  e.g.  a  preauricular 
appendage  or  branchial  fibrochondroma. 

Precancerous. — Occurring  before  the 
development  of  the  typical  signs  of  cancer,  e.g. 
leukoplakia  of  the  tongue. 

Precentral. — Situated  in  front  of  the 
central  fissure  (the  fissure  of  Rolando)  of  the 
brain,  thus  th.e  precentral  line  in  cranio-cerebral 
topography  is  one  corresponding  to  the  inferior 
and  superior  precentral  sulci  which  lie  in  front 
of  the  Rolandic  fissure. 

PrecibiCUlturistS.  —  "Those  people 
who  do  not  increase  their  food  supply  by  arti- 
ficial means,  either  by  cultivating  the  vegetable 
kingdom  or  by  breeding  animals  "  (H.  Campbell 
in  Brit.  Med.  Journ.,  ii.  for  1905,  p.  40) ;  among 
the  precibiculturists  are  numbered  the  most 
primitive  peoples  now  living,  viz.  the  Australian 
natives,  the  Fuegians,  Esquimaux,  Andamanese, 
Botocudos  (of  Brazil),  Bushmen  (of  S.  Africa), 
the  Forest  Pigmies  (of  Africa),  the  Veddahs  (of 
Ceylon),  the  Ainus  (of  Japan),  and  the  Digger 
Indians  (of  California) ;  the  Tasmanians  (now 
extinct)  were  also  precibiculturists. 

Precipitate. — Performed  with  great  or 
unusual  rapidity,  e.g.  a  precipitate  labour.  See 
Labour,  Precipitate  and  Prolonged  {Precipi- 
tate Labour,  Causes  and  Treatment) ;  Medicine, 
Forensic  {Infanticide,  Cause  of  Death). 

Precipitins.  —  Substances  causing  pre- 
cipitation from  a  solution,  e.g.  those  "  substances 
in  immune  serums  which  cause  precipitation 
when  added  to  the  fluids  or  solutions  of  sub- 
stances used  in  immunisation "  {Brit.  lied. 
Journ.,  i.  for  1903,  p.  655);  "precipitins  are 
elaborated  by  the  injection  of  albuminous  body 
fluids,  such  as  defibrinated  blood,  into  certain 
animals  whose  blood  serum,  in  consequence, 
acquires  the  property  of  precipitating,  iji  vitro, 
the  albumins  against  which  the  adaptation  is 
directed  .  .  .  the  injection  of  milk  from  one 
animal  develops  in  the  serum  of  the  animal 
treated  a  precipitin  which  is  specific  for  the 
milk  used  in  the  adaptation,  but  for  milk  of  no 
other  species"  {Da  Costa).  See  Physiology, 
Internal  Secretions  or  Hormones  {Toxic 
Action  and  Immunity,  Precipitins). 

Precocity. — Early  or  premature  develop- 
ment of  mental  or  bodily  functions  ;  also,  when, 
in  infectious  diseases,  symptoms  appear  sooner 
after  infection  than  is  usual,  they  are  termed 
"  precocious." 

Predigesting  of  Food.  See  Invalid 
Feeding  {Peptonised  Foods). 

Predisposition.— The  physical  condi- 
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tion  or  state  of  the  tissues  of  the  body  which 
renders  them  prone  to  be  attacked  by  some 
disease,  microbic  or  non-microbic. 

Preformation.  —  in  embryology  the 
theory  of  preformation  supposes  that  all  the  parts 
of  the  fully  formed  organism  exist  in  miniature 
in  the  germ  ;  it  is  opposed  to  the  theory  of  epi- 
genesis  introduced  by  Harvey  and  C.  F.  Wolff. 

Prefronta.!. — Situated  in  front  of  the 
frontal  bone  or  of  the  frontal  lobe  of  the  brain. 

Preg^ang^l ionic.  See  Physiology, 
Neuro-Muscular  Mechanism  {Spinal  Nerves, 
vol.  vii.  p.  550). 

Preg'nancy. — This  subject  will  be  de- 


scribed in  the  following  sections  : — 

A.  PHYSIOLOGICAL  SECTION 
Changes  in  the  Maternal  Organs    .  .222 
Diagnosis  of  Pregnancy  ....  229 
Multiple  Pregnancy      .       .       .  .235 
Management  of  Pregnancy    .       .  .238 

B.  PATHOLOGICAL  SECTION 

Affections  of  Ovum  and  Decidua    .       .  240 

Diseases  of  Placenta  and  Cord       .       .  248 

Diseases  and  Death  of  the  Ecetus  .  .  254 
Affections  and  Accidental  Complications 

of   264 

(a)  Generative  Organs    .       .  .264 

(b)  Other  than  Generative  Organs  .  273 

(c)  Death   280 

Haemorrhage  during  Pregnancy     .       .  281 


See  also  Abortion  ;  Appendix  Vermiformis, 
Appendicitis  {As  a  Complication  of  Pregnancy) ; 
Appetite  {Perversion  or  Pica) ;  Ascites  {Distinc- 
tion from  other  Conditions) ;  Asthma  {Origin  and 
Cause) ;  Blood  {Physiological  Variations,  Leuco- 
cytosis  in  Pregnancy) ;  Brain,  Affections  of 
Blood- Vessels  {Cerebral  Embolism,  Causes) ; 
Chlorosis  {Diag7iosis) ;  Cholera,  Epidemic  {Pro- 
gnosis) ;  Chorea  {Etiology) ;  Cough  {Clinical 
Varieties) ;  Diabetes  Mellitus  [Predisposirig  and 
Exciting  Causes) ;  Ear,  Middle,  Chronic  Non- 
suppurative Inflammation  {Atrophic  Catarrh, 
Causation) ;  Eclampsia  ;  Ectopic  Gestation  ; 
Embryology  ;  Heart,  Myocardium  and  Endo- 
cardium {Etiology,  Predisposing  Influences) ;  In- 
sanity, Etiology  of  ;  Insanity,  Nature  and 
Symptoms  {Etiological  Varieties) ;  Labour  in 
Multiple  Pregnancy  ;  Labour,  Accidental 
Complications  {Abnormalities  of  the  Cord) ; 
Labour,  Obstetric  Operations  {Induction) ; 
Leucocytosis  {Physiological,  in  Pregnancy) ; 
Life  Insurance  {Female  Lives) ;  Liver,  Diseases 
OP  ( Acute  Yellow  Atrophy,  Etiology) ;  Lung, 
Tuberculosis  {Complications) ;  Malaria  {Com- 
plications, Pregnancy) ;  Malingering  {Feigned 
Pregnancy) ;  Maternal  Impressions  ;  Medicine, 
Forensic  {Rape,  Signs  of  Pregnancy) ;  Medicine, 
Forensic   {Infanticide,   Concealment   of  Preg- 


nancy) ;  Menstruation  and  its  Disorders 
{Metrorrhagia,  Causes  in  Pregnancy) ;  Micturi- 
tion {Frequency  and  Retention,  in  Pregnancy)  • 
Nephritis  {Etiology,  Chronic  Nephritis,  Preg- 
nancy) ;  Ovaries,  Diseases  of  the  {Diagnosis  of 
Ovarian  Tumour) ;  Ovaries  {Primary  Ovarian 
Pregnancy) ;  Pelvis,  Hematocele  and  Hemat- 
oma ;  Peritonitis,  Acute  General  {Diagnosis 
from  Ruptured  l\ibal  Pregnancy) ;  Pica  ;  Pruri- 
tus (/«  Pre(/7ia7icy) ;  PSEUDOCYESIS;  PUERPERIUM, 
Physiology  and  Pathology  {Insanity ;  etc.) ; 
Pulse  {Frequency,  in  Pregnancy) ;  Skin,  Pig- 
mentary Affections  of  {Emotional  Pigmenta- 
tion of  Pregnancy) ;  Teeth  {Causes  of  Dental 
Caries) ;  Teratology  ;  Thyroid  Gland,  Medical 
{Exophthalmic  Goitre  in  Pregnancy) ;  Thyroid 
Gland,  Medical  {Goitre,  Etiology) ;  Toxicology 
{Lead-Poisoning,  Abortion) ;  Typhoid  Fever 
{Association  ivith  other  Conditions,  Pregnancy) ; 
Uterus,  Inflammation  of  the  {Subinvolution, 
Diagnosis) ;  Uterus,  Malignant  Tumours  op 
{Cancer  of  the  Cervix  and  Pregnancy). 


A.  PHYSIOLOGICAL  SECTION 

Changes  in  the  Maternal  Organs 

I.  Local  Changes 

In  Uterus   223 

In  the  Peritoneum  and  Appendages  .  225 
In  the  Blood-  Vessels     .        .        .  .225 

In  the  Lymphatics  and  Nerves      .        .  225 

In  the  Vagina  and  External  Genitals  .  226 

In  the  Pelvic  Joints     ....  226 

In  Adjacent  Organs     ....  226 

In  the  Abdominal  Wall        .        .        .  226 

In  the  Mammae    .....  226 

II.  General  Changes 
The  Toxaemia  of  Pregnancy  .        .  .227 

Changes  in  the  Blood  and  Circulation  .  227 

In  the  Liver  and  Spleen  .  .  .  228 
In  Respiration  .  .  .  .228 
In    the   Digestive    System   and  in 

Nutrition   228 

In  Bones  and  in  Gait       .        .        .  228 

In  the  Skin   228 

In  the  Nervous  System     .        .        .  228 

In  the  Urine   229 


As  soon  as  an  impregnated  ovum  becomes 
implanted  in  the  uterine  mucosa  a  series  of 
remarkable  changes  sets  in,  not  only  in  the 
generative  organs,  but  in  adjacent  and  distant 
structures,  and  indeed,  the  whole  general 
economy  becomes  materially  altered.  These 
modifications  may  be  conveniently  divided  into 
(1)  local;  (2)  general. 

I.  Local  Changes 
The  most  important  of  these  are  necessarily 
in  the  uterus  itself.  At  each  menstrual  epoch 
changes  of  hypertrophy  and  increased  vascu- 
larity take  place,  but  if  impregnation  does  not 
occur,  a  destructive  process  sets  in  resulting  in 
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the  menstrual  discharge.  If,  on  the  other  hand, 
conception  occurs,  the  hypertrophic  process 
continues,  giving  rise  to  among  others  remark- 
able changes  in  the  size,  capacity,  and  form  of 
the  uterus.  The  modifications  which  take  place 
in  the  uterine  mucosa,  resulting  in  the  forma- 
tion of  the  deciducC,  have  been  described. 

Changes  in  the  size,  weight,  capacity,  and 
form  of  the  uterus. 

The  unimpregnated  normal  uterus  measures 
3  inches  in  length,  2  inches  in  breadth,  and  1 
inch  in  thickness.  Some  authorities  state  the 
measurements  of  length  and  breadth  as  rather 
less  than  these — 2|-  and  If  inches.  At  full 
term  of  gestation  the  uterus  has  so  grown  that 
it  measures  from  12|  to  15^  inches  in  length, 
from  9^  to  lOf  inches  in  breadth,  and  from  9 
to  9f  inches  antero-posteriorly.  The  circumfer- 
ence at  the  level  of  the  Fallopian  tubes  is  about 
29  inches. 

The  weight  of  the  virgin  uterus  is  about  1^ 
ounces,  that  of  the  full  term  gravid  uterus 
about  28  ounces. 

The  surface  of  the  unimpregnated  uterus 
measures  5^  square  inches,  and  its  capacity  is  1 
cubic  inch.  At  the  end  of  pregnancy  the  sur- 
face of  the  organ  is  350  square  inches,  and  its 
cubic  capacity  is  400  inches,  so  that  the  latter 
has  increased  over  500  times. 

The  form  of  the  uterus  also  imdergoes  vary- 
ing modifications  as  pregnancy  advances. 
During  the  first  three  months  the  uterus  retains 
its  pyriform  shape :  the  cervix  is  not  much 
altered,  and  is  still  conical.  Expansion  occurs 
chiefly  laterally,  so  that  the  uterus  appears  as  a 
spherical  body  placed  over  a  cervix  almost 
normal  in  shape.  Later,  the  uterus  becomes 
expanded  in  its  lower  part,  and  by  the  fifth 
month  it  presents  a  more  or  less  spherical  form, 
the  largest  diameter  being  the  vertical.  At 
full  term  the  uterus  is  described  as  ovoid  or 
egg-shaped,  the  dome  being  at  the  fundus,  the 
smaller  end  below.  However,  Spiegelberg  has 
pointed  out  that  the  shape  of  the  uterus  during 
pregnancy  is  by  no  means  uniform.  Many 
deviations  occur.  The  form  depends  on  the 
primary  shape  of  the  organ,  on  the  woman's 
position,  on  the  position  of  the  foetus,  and  on 
the  tension  inside  the  uterus. 

Changes  in  the  Position  of  the  Uterus. — Owing 
to  increase  in  weight  and  size  the  uterus 
necessarily  undergoes  a  change  of  position  as 
gestation  advances.  It  is  very  generally  be- 
lieved that  during  the  first  four  weeks  of 
pregnancy  the  uterus  is  situated  somewhat 
lower  in  the  pelvis,  and  some  believe  that  the 
flattening  of  the  hypogastrium  is  an  important 
early  sign  of  pregnancy.  Tarnier,  however, 
pointed  out  that  this  is  not  constant,  and  that 
very  early  the  fundus  rises  above  the  level  of 
the  pelvic  brim,  while  the  cervix  is  situated  at 
its  normal  level  in  the  pelvis.  At  the  end  of 
the  third  month  the  fundus  is  a  finger's  breadth 


above  the  pubis ;  at  the  end  of  the  fourth  this 
distance  has  increased  to  rather  more  than  two 
inches ;  at  the  end  of  the  fifth  to  four  inches ; 
at  the  end  of  the  sixth  month  it  is  on  a  level 
with,  or  a  little  above,  the  umbilicus.  A  month 
later  the  fundus  is  two  inches  above  the 
umbilicus,  and  during  the  eighth  and  ninth 
months  it  continues  to  rise  till  its  upper  limit 
lies  immediately  below  the  ensiform  cartilage. 
The  greatest  distance  of  the  fundus  from  the 
pubis  is  attained  about  fourteen  days  before  full 
time,  for  during  the  last  two  weeks  there  is  com- 


Diagram  to  illustrate  the  growth  of  the  uterus 
during  pregnancy. 


monly  a  marked  descent,  owing  to  the  entrance 
of  the  lower  pole  of  the  uterus  into  the  pelvis. 

In  miiltiparae  the  abdominal  wall  is  relaxed, 
so  that  the  uterus  projects  farther  forward,  and 
the  fundus  does  not  rise  so  high  as  in  primi- 
parse.  In  the  latter,  too,  the  descent  of  the 
lower  pole  occurs  earlier.  No  doubt  the 
rigidity  of  the  uterus  itself  in  primiparse  tends 
not  only  to  preserve  its  upward  growth,  but 
furthers  the  early  descent  of  the  lower  pole. 

The  situation  of  the  impregnated  uterus  is 
normally  somewhat  oblique,  being  in  the  ma- 
jority of  cases  slightly  rotated,  so  that  the 
anterior  surface  looks  forwards  and  to  the  right, 
and  further,  it  does  not  occupy  exactly  the 
median  position,  deviating  in  most  women 
slightly  to  the  right  side. 
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As  to  the  causes  of  these  deviations  there  is 
considerable  difference  of  opinion,  and  many 
theories  have  been  advanced  to  explain  them. 
Some  attribute  them  to  the  primary  set  of  the 
uterus  in  the  pelvis,  some  to  the  fact  that 
women  lie  most  commonly  on  their  right  side 
during  sleep,  some  to  the  supposed  comparative 
shortness  of  the  right  round  ligament,  some  to 
irregular  contractions  of  the  uterine  muscle, 
and  others  to  distension  of  the  rectum. 

As  gestation  progresses  the  obliquities  are 
maintained,  and  in  the  later  stages  are  accentu- 
ated. The  uterus  grows  upwards  and  forwards, 
so  that  in  the  erect  position  its  long  axis  is  in 
line  with  the  axis  of  the  brim. 

In  women  who  have  had  many  children  there 


Diagram  to  illustrate  the  changes  in  the  cervix  during  pregnancy, 

occurs  frequently  a  much  more  marked  anterior 
projection  of  the  uterus,  and  in  some  extreme 
cases  the  fundus  is  actually  dependent. 

At  the  end  of  pregnancy  three-fourths  of  the 
anterior  surface  of  the  uterus  is  in  close  relation 
with  the  abdominal  wall,  though  sometimes 
omentum  or  small  intestines  may  intervene. 
The  lower  fourth  is  in  contact  with  the  posterior 
wall  of  the  bladder.  The  posterior  surface  of 
the  uterus  is  in  contact  with  the  spinal  column, 
and  the  coils  of  small  intestine  find  room  on 
either  side.  The  fundus  is  in  contact  with  the 
transverse  colon  and  part  of  the  greater  curva- 
ture of  the  stomach,  the  anterior  margin  of  the 
liver,  and  the  xiphoid  cartilage.  The  ascending 
colon  is  in  relation  with  the  right  border  of  the 
uterus,  and  the  descending  colon  with  the  left. 

Changes  in  Structure. — At  one  time  it  was 
supposed  that  the  growth  of  the  uterus  was  the 


result  of  mechanical  pressure  on  the  part  of 
the  enlarging  ovum.  If  such  were  the  case  the 
uterine  parietes  would  be  much  thinner  at  full 
term  than  in  the  non-gravid  state.  As  a  matter 
of  fact,  the  thickness  at  full  term  is  about  the 
same  as  before  pregnancy  occurs,  and  the  enor- 
mous increase  in  the  size  of  the  uterus  is  due 
to  hypertrophy  of  the  original  muscular  wall. 

There  is,  in  addition,  a  distinct  alteration  in 
the  muscular  texture  of  the  uterus,  for  one  of 
the  earliest  signs  of  pregnancy  is  a  softening 
and  yielding  of  the  wall,  which  strongly  con- 
trasts with  the  dense  unresistent  pre-gravid 
character  of  the  muscle. 

The  thickness  of  the  wall  varies  in  different 
women  and  at  different  parts  of  the  same  uterus, 
for  example,  at  the  placental  site  the 
muscle  is  thicker,  and  in  the  neighbour- 
hood of  the  cervix  it  is  thinner  than  in 
the  virgin  state.  This  hypertrophy  is 
due  to  an  enormous  increase  in  size  of 
the  individual  muscular  fibres.  They 
increase  in  length  from  seven  to  eleven 
times,  and  from  two  to  five  times  in 
breadth.  But  besides  the  normally  de- 
veloped fibres  which  grow  so  greatly, 
there  are  in  the  uterine  wall  embryonic 
muscle  -  cells  which,  when  pregnancy 
occurs,  take  on  active  development,  and 
increase  to  a  size  commensurate  with  that 
of  the  pre-existing  fibres. 

At  full  term  the  uterus  may  be  divided 
into  three  parts  :  above,  the  body ;  below, 
the  cervix ;  and  between  these  there  is 
developed  a  portion  of  the  muscular  wall, 
which  is  much  thinner  and  much  less 
vascular  than  the  body  proper.    This  is 
known  as  the  lower  uterine  segment.  It 
is  about  three  or  four  inches  in  vertical 
extent,  and  is  separated  from  the  body 
by  a  distinct  ridge  known  as  "  Bandl's 
ring,"  or  the  "  retraction  ring."  During 
pregnancy  this  division  has  as  its  lower 
limit  the  intei'nal  os,  but  during  labour, 
after  the  canalisation  of  the  cervix  has  taken 
place,  the  lower  uterine  segment  and  the  cervical 
canal  are  continuous.    These  parts  of  the  uterus 
differ  both  in  structure  and  in  function.    In  the 
body  the  muscvilar  fibres  are  arranged  quite 
irregularly,  in  the  lower  segment  chiefly  vertic- 
ally, and  in  the  cervix  chiefly  in  a  circular 
manner.    The  body  of  the  uterus  is  the  only 
contractile  part.    The  lower  uterine  segment 
and  the  cervix  together  are  expansile. 

During  pregnancy  the  cervix  uteri  undergoes 
hypertrophic  changes  similar  to  those  in  other 
parts  of  the  organ.  At  one  time  it  was  believed 
and  taught  that  from  the  early  months  onwards 
there  was  a  gradual  shortening  of  the  cervix, 
but  it  is  now  agreed  that  this  diminution  in 
length  is  virtual  and  not  real.  The  apparent 
shortening  is  explained  by  the  great  softening 
of  the  cervical  tissue  which  occurs,  and  to  a 
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certain  extent  to  the  altered  direction  and 
position  of  the  cervix.  There  is,  however, 
a  real  shortening  of  the  cervical  canal  during 
the  last  fortnight  of  pregnancy,  owing  to  the 
gradual  dilatation  of  the  canal  from  above 
downwards.  Even  in  primiparse  in  most  cases 
the  OS  externum  is  somewhat  patulous  during 
the  later  months,  but  in  some  it  remains  closed 
till  labour  sets  in.  In  multiparse  the  margins 
of  the  OS  are  irregular,  and  it  is  always  possible 
to  introduce  the  tip  of  the  finger  even  before 
the  seventh  month. 

An  examination  of  the  muscular  coat  of  the 
unimpregnated  uterus  reveals  no  definite 
arrangement  of  the  muscular  fibres.  Helie  has, 
however,  shown  that  during  pregnancy  three 
distinct  layers  can  be  diiferentiated — an  ex- 
ternal, a  middle,  and  an  internal.  The  external 
layer,  composed  of  alternating  vertical  and 
transverse  fibres,  covers  the  body  and  the 
fundus  of  the  uterus,  commencing  at  the 
junction  of  the  cervix  in  front,  and  extending 
rather  lower  behind.  At  the  fundus  the  lateral 
fibres  diverge  outwards  on  both  sides,  and  are 
prolonged  along  the  round  ligaments,  the 
Fallopian  tubes,  the  ovaries,  and  the  broad 
ligaments.  The  middle  layer  constitutes  the 
bulk  of  the  uterine  wall.  The  fasciculi  which 
compose  it  are  of  variable  size,  and  cross  each 
other  in  all  directions.  They  surround  the 
veins  whose  walls  consist  only  of  intima,  and 
this  arrangement  affords  an  explanation  of  the 
arrest  of  haemorrhage  during  the  contraction 
after  delivery.  The  internal  layer  is  composed 
partly  of  circular  rings  of  muscular  fibres,  which 
are  especially  well  marked  round  the  openings 
of  the  Fallopian  tubes  and  round  the  os  inter- 
num, and  partly  of  longitudinal  fibres  arranged 
in  a  triangular  fashion — one  on  the  anterior 
and  one  on  the  posterior  wall  of  the  uterus. 
The  base  of  the  triangle  is  above  and  the  apex 
at  the  OS  internum.  Fibres  of  these  three 
diff"erent  layers  pass  from  one  stratum  to  the 
other,  binding  all  into  one  continuous  muscle. 

The  muscular  coat  of  the  cervix  is  composed 
chiefly  of  transversely  circular  fibres. 

Changes  in  the  Peritoneum  and  in  the  Append- 
ages.— Owing  to  the  gradual  increase  in  size  of 
the  pregnant  uterus  the  normal  relations  of  the 
pelvic  peritoneum  are  disturbed.  The  layers 
of  the  broad  ligaments  are  separated;  they 
share  in  the  general  hypertrophy,  and  are 
carried  up  by  the  growing  uterus,  so  that 
instead  of  being  horizontal  they  become  vertical, 
or  nearly  so.  As  the  result  of  this  change  of 
position  the  Fallopian  tubes  and  ovaries  are 
drawn  towards  the  uterus,  till  at  the  end  of 
pregnancy  they  lie  alongside  the  uterus.  The 
changes  in  the  relations  of  the  peritoneum  in 
front  and  behind  the  uterus  have  not  been 
definitely  determined.  Pollis's  observations  led 
him  to  believe  that  the  normal  level  of  the 
peritoneum  in  the  non-pregnant  condition  was 
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raised  during  pregnancy  both  in  front  and 
behind  the  uterus,  whereas  Webster,  from  an 
examination  of  frozen  sections,  found  the  inferior 
limit  of  the  peritoneal  pouches  as  low  during 
pregnancy  as  before  it. 

The  round  ligaments  increase  enormously. 
They  become  four  times  their  normal  thickness, 
and  they  so  increase  in  length  that  at  the  end 
of  pregnancy  they  extend  from  near  the  um- 
bilicus to  the  inguinal  canal  on  each  side.  The 
utero-sacral  ligaments  also  become  enormously 
developed. 

The  ovaries  are  almost  doubled  in  size,  and 
assume  nearly  a  vertical  position.  Ovulation 
is  in  most  cases  entirely  suspended.  The 
Fallopian  tubes  undergo  the  usual  hypertrophic 
changes,  increasing  in  thickness  and  in  length. 
The  epithelial  lining  becomes  denuded  of  its 
vibratile  cilia. 

Changes  in  the  Arteries  and  Veins  of  the 
litems. — The  arteries  of  the  uterus  increase  in 
size,  in  length,  and  in  number.  The  change 
in  their  length  is  not  due  to  their  becoming  less 
tortuous,  for  Jacquemier  has  found  that  they 
are  more  tortuous  at  the  end  of  pregnancy 
than  in  the  non-pregnant  state.  The  ovarian 
arteries  become  about  the  sixth  of  an  inch  in 
diameter,  and  the  uterine  arteries  are  still 
larger.  The  branches  on  entering  the  uterus 
suddenly  enlarge,  and  a  very  fine  anastomosis  is 
established  between  the  two  sides  of  the  uterus. 
Those  which  pass  to  the  endometrium  subdivide 
freely,  and  end  in  a  diffuse  capillary  network. 
The  veins  of  the  uterus  become  dilated  into 
large  sinuses  which  communicate  with  each 
other.  The  walls  of  these  are  intimately  united 
with  the  surrounding  connective  tissue,  and 
therefore  when  the  venous  channels  are  muti- 
lated the  walls  do  not  collapse,  but  remain 
more  or  less  gaping.  These  veins  are  devoid 
of  valves,  and  in  the  middle  muscular  layer 
the  wall  consists  of  a  single  coat.  The  ovarian 
veins  so  hypertrophy  that  they  are  almost  as 
large  as  the  external  or  internal  iliac. 

Changes  in  the  Lymphatics  and  Nerves. — The 
uterine  lymphatic  system  undergoes  hyper- 
trophic changes  during  pregnancy.  The  whole 
intra-uterine  expanse  may  be  looked  upon  as 
one  vast  lymph  sinus  (Spiegelberg).  The 
lymphatic  channels,  when  they  pass  from  the 
substance  of  the  uterus,  are  collected  into  a 
plexus  underneath  the  peritoneum,  especially 
over  the  fundus  and  along  the  sides  of  the 
uterus.  The  lymphatics  of  the  fundus  and 
the  body  pass  to  the  lumbar  glands,  while  those 
of  the  cervix  communicate  with  the  pelvic 
glands.  The  exact  changes  in  the  nerves  have 
not  been  accurately  determined.  The  cervical 
ganglion  increases  in  size  till  it  is  three  or  four 
times  as  large  as  in  the  non-pregnant  condition. 
Some  authorities,  including  Snow,  Beck,  and 
Hirschfeld,  believed  that  the  nerves  remain  of 
the  same  size  as  in  the  unimpregnated  uterus. 
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Robin  held  that  there  was  an  apparent  increase 
of  size,  but  that  this  was  due  to  increase  of 
neurilemma.  Kilian  believed  the  nerve  tubes 
increased  in  length,  but  not  in  thickness ;  while 
Schroeder  stated  that  they  hypertrophied  in 
every  way,  just  as  the  lymphatics  do. 

The  Vagina  and  External  Genitals. — Changes 
of  hypertrophy  similar  to  those  which  occur  in 
the  uterus,  though  to  a  lesser  degree,  take 
place  in  the  vagina  and  external  genitals.  The 
vaginal  canal  increases  in  length  and  in  capacity. 
The  submucous  adipose  tissue  becomes  less  in 
amount,  but  there  is  marked  development  of 
the  muscular  coat  and  of  the  connective  tissue. 
The  blood-vessels  increase  in  size  and  in  number, 
and  in  consequence  of  the  increased  vascularity 
the  mucous  membrane  assumes  a  bluish,  almost 
purple,  colour  which  by  some  is  regarded  as  a 
very  important  sign  of  pregnancy.  The  mucous 
membrane  of  the  vagina  hypertrophies  more 
than  the  muscular  and  external  coats,  with  the 
result  that  the  normal  folds  ai-e  exaggerated, 
so  much  so  that  frequently  these  protrude 
through  the  vulvar  orifice  as  a  violet-coloured 
swelling.  The  normal  secretion  of  the  vagina 
is  increased,  in  some  cases  to  such  an  extent 
that  it  forms  an  actual  discharge.  The  cervix 
generally  occupies  a  position  somewhat  to  the 
left  of  the  middle  line,  and  it  seems  shortened 
owing  to  the  hypertrophy  of  the  mucous  lining 
of  the  vagina  and  the  ascent  of  the  uterus  into 
the  abdomen.  The  external  genitals  become 
hypertrophied  and  softened,  owing  to  the 
increase  of  vascularity  and  the  development 
of  the  lymphatics.  The  vulva,  therefore, 
appears  prominent,  the  labia  being  swollen, 
and  the  veins  seem  varicose,  while  the  secretion 
from  the  sebaceous  and  sweat  glands  is  much 
increased.  In  multiparse  the  vulvar  orifice 
gapes,  while  in  primiparte  it  appears  smaller 
and  retracted. 

The  Pelvic  Joints. — To  a  certain  extent  the 
articulations  of  the  pelvis  share  in  the  changes 
due  to  pregnancy.  Zaglass  held  that  there 
was  a  certain,  though  very  slight,  amount 
of  movement  in  the  sacro-iliac  joints  in  the 
non-pregnant  woman.  During  pregnancy,  and 
especially  during  the  last  weeks  and  during 
labour,  there  is  a  marked  serous  infiltration  of 
the  joints  and  elongation  of  the  ligaments,  and 
in  many  women  distinct  movement  of  the  sacro- 
iliac and  pubic  joints  can  be  made  out  during 
labour.  The  sacro-coccygeal  joint  also  becomes 
more  movable. 

Adjacent  Organs. — The  other  organs  in  the 
pelvis  undergo  changes  during  pregnancy, 
partly  due  to  excessive  congestion  similar  to 
that  which  occurs  in  the  uterus,  and  partly 
due  to  mechanical  pressure.  During  the  early 
months  the  pregnant  woman  suffers  from 
irritability  of  the  bladder,  frequent  micturition, 
and  sometimes  incontinence.  These  symptoms 
are  due  partly  to  pressure  by  the  growing 


uterus,  and  partly  to  hypersemia  of  the  vesical 
mucous  membrane.  Towards  the  end  of  preg- 
nancy these  symptoms  recur,  owing  to  the 
sinking  of  the  uterus  ;  and  in  some  cases  reten- 
tion of  urine  results  from  the  pressure  of  the 
presenting  part  on  the  urethra. 

Nearly  all  pregnant  women  suffer  from 
constipation.  This,  if  not  due  to  persistence 
of  habit,  is  the  result  of  pressure  of  the  gravid 
uterus  upon  the  sigmoid  flexure,  interference 
with  the  normal  peristalsis,  and  the  limited 
action  of  the  abdominal  muscles. 

ffidema  of  the  lower  extremities  and  a  varicose 
condition  of  the  veins  are  very  common  during 
pregnancy.  These,  during  the  later  months, 
are  the  result  of  increased  intra-abdominal 
pressure,  while  in  the  early  months  the  same 
changes  may  occur  merely  from  the  slowing 
of  the  blood  current  consequent  on  the  dilatation 
of  the  pelvic  veins.  Pains  in  the  lower  ex- 
tremities are  referred  to  pressure  upon  the 
nerve  trunks  from  the  lumbar  and  sacral 
plexuses. 

The  Abdominal  Wall. — The  distension  of  the 
abdominal  walls  during  pregnancy  leads  to  the 
production  of  the  "  strife  gravidarum."  These 
are  bluish  red  lines  which  become  more  con- 
spicuous in  the  later  months,  and  are  found 
over  the  lower  part  of  the  abdomen,  and 
especially  the  sides.  After  labour  they  persist, 
and  gradually  become  white  in  colour.  These 
strise  are  the  result  of  the  stretching  of  the 
deep  layer  of  connective  tissue  of  the  cutis. 
During  pregnancy  these  lines  are  also  seen  on 
the  nates,  the  thighs,  and  the  breasts.  They 
are  not  peculiar  to  pregnancy,  for  similar  marks 
may  appear  on  the  abdominal  wall  when  it  is 
rapidly  stretched,  as  from  a  tumour  or  ascites. 
Other  pigmentary  changes  in  the  skin  occur, 
but  they  are  not  constant.  The  most  common 
is  the  appearance  of  what  is  called  by  some  the 
"linea  nigra,"  a  dark-brown  line  which  runs 
from  the  symphysis  pubis  to  the  umbilicus,  or 
even  beyond  it.  Patches  of  discoloured  skin 
sometimes  appear  on  the  face,  especially  on  the 
forehead ;  but  these  pigmentary  changes  in  the 
skin  are  of  no  diagnostic  value  in  pregnancy. 

By  the  fifth  month  of  pregnancy  the  umbilicus 
commences  to  be  less  deep,  by  the  seventh  the 
depression  is  obliterated,  and  from  this  time 
onwards  it  protrudes  more  and  moi'e  till  it  forms 
a  rounded  elevation  on  the  abdominal  wall. 

During  the  last  three  months  of  pregnancy 
a  physiological  separation  of  the  recti  muscles 
occurs  in  the  gi-eat  majority  of  cases.  The 
elasticity  of  the  abdominal  muscles  is  lessened, 
and  when  the  distension  is  very  great  an  actual 
loss  of  tonus  takes  place.  The  muscles  which 
chiefly  suffer  in  this  respect  are  the  transversalis, 
the  external  and  internal  oblique  muscles ; 
while  the  recti,  on  account  of  their  length  and 
thickness,  suffer  to  a  much  less  extent,  if  at  all. 

Changes  in  the  Mammae. — From  the  second 
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month  onwards  hypertrophic  and  other  changes 
take  place  in  the  mammae,  resulting  in  gradual 
increase  of  not  only  glandular  tissue,  but  of  fat 
and  connective  tissue.    The  periphery  of  the 
breast  is  first  affected.    It  becomes  irregularly 
hard,  and  presents  knotty  masses  which  are 
enlarged    acini   of   the    glandular  structures. 
Later  similar  hyperti'ophic  changes  spread  along 
the  ducts  of  the  gland,  towards  the  nipple, 
till  ultimately  the  whole  organ   is  affected. 
The  distension  of  the  skin  leads  to  the  formation 
of  striae  similar  to  those  seen  on  the  abdominal 
wall,  and  through  the  tightly  drawn  skin  a  net- 
work of  veins  can  be  seen,  especially  at  the 
margins  of  the  organs.    The  nipple  becomes 
enlarged,  more   sensitive,    and    more  readily 
erectile,  and  the  pink  areola  surrounding  it 
is   replaced   by   an   areola   which   varies  in 
colour   according   to   the   complexion  of  the 
woman.    In  fair  women  it  is  of  slight  brownish 
colour,  whereas  in  brunettes  it  is  dark  brown, 
or  almost  black.    At  the  end  of  two  months 
the  areola  is  slightly  raised,  and  the  sebaceous 
follicles  become  more  and  more  enlarged  till 
they  form  distinct  tubercles  on  the  surface  of 
the  darkened  area.    These  are  known  as  Mont- 
gomery's tubercles.     The  usual   diameter  of 
the  mammary  areola  is  from  one  to  one  and  a 
half  inches ;  but  in  many  cases,  from  the  fifth 
or  sixth  month  onwards,  a  "  secondary  areola  " 
surrounding  the  primary  is  formed.    This  is 
not  so  deeply  coloured,  and  is  not  always  very 
marked.    From  the  third  month  pressure  on 
the  gland  causes  the  exudation  of  a  thin  fluid 
known  as  the  colostrum  ;  it  increases  in  quantity 
as  the  gestation  advances,  and  is  the  product 
of  the  newly  formed   and  of  the  developed 
pre-existing  gland  cells.    It  is  an  albuminous 
fluid,  and  contains  fat  cells,  epithelial  cells, 
and  typical  "  colostrum  corpuscles." 

II.  General  Changes 

Pregnancy  creates  important  changes  in  the 
different  systems  and  organs  of  the  body.  The 
blood  and  the  nervous  system  are  affected  to 
the  greatest  extent,  but  practically  all  the 
functions  of  the  body  are  more  or  less  modified. 
Since  the  pregnant  woman  has  to  perform 
nutritive  and  excretory  functions  for  herself 
and  her  foetus,  extensive  changes  in  the  general 
system  must  occur.  So  long  as  these  changes 
take  place  within  certain  limits  health  is 
preserved  and  improved,  but  when  carried  to 
excess  they  lead  to  serious  complications. 

The  Toxaemia  of  Pregnancy. — Much  has  of 
late  been  written  on  this  subject.  It  is  now 
believed  by  some  authorities  that  many  of  the 
hitherto  supposed  physiological  symptoms  of 
pregnancy  are  the  result  of  slight  toxaemia,  and 
that  the  graver  complications  of  pregnancy, 
labour,  and  the  puerperium  are  due  to  intense 
toxic  infection.  Vomiting,  salivation,  pigment- 
ary changes  in  the  skin,  neuralgia,  irritability 


of  temper,  etc.,  have  generally  been  supposed 
to  be  normal  since  they  are  so  common,  but 
possibly  they  are  due  to  the  presence  of  toxins. 
As  pregnancy  advances,  the  general  economy 
becomes  adapted  to  the  new  conditions,  and 
the  symptoms  of  poisoning  pass  off.  The 
emunctory  organs  work  at  higher  pressvire, 
but  if  one  of  them  gives  way,  then  symptoms 
of  toxaemia  become  intensified,  and  may  become 
so  serious  as  to  endanger  the  patient's  life. 
Eclampsia  is  the  most  striking  example  of 
severe  toxic  infection.  It  is  no  longer  regarded 
as  a  disease  primarily  of  the  kidneys.  Post- 
mortem examination  reveals  important  changes 
in  the  liver  similar  to  those  produced  by  certain 
poisons.  In  many  cases  of  eclampsia  no  patho- 
logical changes  have  been  found  in  the  kidneys, 
and  the  clinical  evidence  of  disturbance  of  the 
renal  function  rapidly  disappears  after  labour. 
The  causes  of  these  toxaemic  conditions  during 
pregnancy,  labour,  and  the  puerperium  are 
varied,  and  include  heredity,  climate,  previous 
renal  disease,  dyspepsia,  hepatic  disorders, 
anaemia,  and  tight  lacing.  Early  recognition 
of  toxic  symptoms  is  important,  as  active 
treatment  is  frequently  necessary  to  prevent 
serious  complications. 

Changes  in  the  Blood  and  Circulation. — At 
one  time  it  was  supposed  that  the  chief  change 
in  the  blood  during  pregnancy  was  one  of 
"  plethora  "  of  all  its  constituents,  and  "  bleed- 
ing "  was  a  very  common  operation  during  the 
later  months  of  pregnancj^  Now  it  is  recog- 
nised that  though  the  actual  quantity  of  blood 
in  the  body  is  increased,  the  change  in  the 
nature  of  the  blood  is  towards  anaemia  and 
hydrtemia.  The  watery  elements,  the  white 
blood  coi'puscles,  and  the  fibrin  are  increased ; 
but,  on  the  other  hand,  the  amount  of  albumin 
and  of  red  blood  corpuscles  is  diminished.  The 
water  increases  from  791-1  per  1000,  which  is 
the  normal  amount  in  the  non-pregnant  con- 
dition, to  819-9  in  the  last  month  of  utero- 
gestation.  The  red  blood  corpuscles  diminish 
from  126  to  104-49.  The  albumin  lessens  from 
70-5  to  66-1.  The  fibrin,  which  in  the  non- 
gravid  state  is  3  to  1000,  lessens  until  the 
sixth  month ;  then  it  begins  to  increase  until, 
at  the  end  of  the  ninth  month,  it  is  4-3.  The 
iron  in  the  blood  is  necessarily  diminished  in 
amount,  since  the  number  of  red  cells  is  so 
decreased.  There  ar-e,  of  course,  great  vari- 
ations in  individual  cases.  The  hygienic 
surroundings  and  the  nature  of  the  food  of 
the  pregnant  woman  will  materially  affect  the 
blood  changes. 

In  1828  Larcher  first  pointed  out  that  a 
physiological  hypertrophy  of  the  heart  took 
place  during  pregnancy.  This  increase  in  size 
is  limited  to  the  left  ventricle  and  is  such  that 
the  whole  weight  of  the  heart  increases  one- 
fifth  during  gestation.  The  increase  in  the 
total  amount  of  blood  in  the  body,  the  placental 
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circulation,  and  the  amount  of  abdominal 
pressure,  all  involve  increased  cardiac  action, 
and  this  shows  itself  not  in  more  rapid  action 
of  the  organ,  but  in  hypertrophy  and  in 
increased  arterial  tension.  There  is  also 
during  pregnancy  a  tendency  to  thrombotic 
and  varicose  condition  of  the  veins.  Durozier 
states  that  the  heart  continues  enlarged  during 
lactation,  but  if  a  woman  does  not  nurse  her 
child  it  diminishes  in  size  immediately  after 
labour.  Women  who  have  borne  many  children 
often  have  a  permanent  enlargement  of  the  heart. 

The  liver  is  also  enlarged,  and  in  women  who 
have  died  suddenly  after  labour  fatty  degenera- 
tion has  frequently  been  found.  The  spleen 
shows  signs  of  marked  hypertrophy,  which  is 
easily  understood  when  one  considers  its 
important  relation  to  the  quantitative  and 
qualitative  changes  in  blood.  It  is  increased 
in  size  from  140  grms.  to  180  grms.  The 
thyroid  gland  participates  in  the  general  change 
of  increased  growth,  and  is  almost  constantly 
somewhat  enlarged  during  gestation. 

Changes  in  Respiration. — Increase  in  size  of 
the  uterus  mechanically  interferes  with  the 
function  of  respiration.  The  long  axis  of  the 
thorax  is  diminished  by  the  upward  displace- 
ment of  the  diaphragm,  and  this  in  the  later 
months  causes  some  embarrassment  to  breathing, 
but  to  a  certain  extent  there  is  compensation  in 
the  fact  that  the  lower  thorax  is  increased  in 
breadth.  During  the  last  two  weeks  of 
pregnancy  breathing  becomes  easier  owing  to 
the  "  sinking "  of  the  uterus  and  its  contents. 
In  the  early  months  a  certain  amount  of 
dyspnoea  is  occasionally  observed,  but  this  is 
merely  one  of  the  numerous  nervous  reflex 
phenomena  which  so  often  complicate  pregnancy. 
Since  there  is  more  blood  in  the  body  during 
gestation  there  is  naturally  an  increase  of  the 
elimination  of  carbonic  acid  gas. 

Changes  in  the  Digestive  System  and  in 
Nutrition. — In  the  early  months  of  pregnancy 
the  appetite  is  generally  fitful,  while  nausea 
and  vomiting  within  certain  limits  are  so 
frequent  as  to  be  regarded  as  physiological. 
The  varieties,  causes,  and  significance  of 
morning  sickness  are  described  under  "The 
Diagnosis  of  Pregnancy "  (p.  230).  The  ap- 
petite of  the  pregnant  woman,  even  though 
often  capricious  to  the  very  end  of  gestation, 
generally  increases  so  that  the  general  nutrition 
is  iuaproved.  An  increase  in  weight  takes  place 
irrespective  of  the  enlargement  of  the  uterus 
and  the  presence  of  a  foetus.  On  an  average 
the  gain  is  from  ten  to  fifteen  pounds,  or  about 
one-thirteenth  of  the  whole  weight  of  the  body. 
Excluding  the  generative  organs  the  adipose 
tissue  is  increased  more  than  any  other  tissue 
of  the  body.  The  deposits  are  specially  marked 
in  the  mammary  glands,  in  the  abdominal  walls, 
in  the  hips,  and  in  the  omentum.  The  whole 
figure  therefore  becomes  fuller  and  rounder. 


The  temperature  of  the  body  is  not  materially 
changed  dui'ing  pregnancy,  although,  according 
to  some  authorities,  it  is  slightly  lower  in  the 
morning  than  during  the  day. 

Changes  in  Bone. — Besides  the  alterations  in 
the  bones  and  joints  of  the  pelvis  already 
referred  to,  changes  in  the  bones  of  the  skull 
have  frequently  been  observed  in  women  who 
have  died  during  parturition.  Rokitansky 
pointed  out  that  irregular  bony  deposits  were 
found  on  the  under  surface  of  the  skull  between 
the  bone  and  the  dura  mater,  and  more 
especially  developed  on  the  parietal  and  frontal 
bones.  These  osteophytes  consist  of  calcium 
carbonate,  traces  of  phosphates,  and  organic 
matter.  They  have  been  discovered  in  rather 
more  than  one-half  of  all  the  cases  examined  of 
women  dying  after  the  fifth  month.  Some 
authorities  consider  that  they  are  by  no  means 
peculiar  to  pregnancy,  so  that  whether  they 
are  physiological  or  pathological  has  not  been 
accurately  determined. 

During  pregnancy  there  is  always  a  risk  of 
delayed  union  in  fractured  bones. 

Owing  to  the  growth  and  inclination  forward 
of  the  growing  uterus  the  centre  of  gravity  is 
altered  so  that  the  pregnant  woman  is  obliged 
to  thi'ow  her  head  and  shoulders  backwards  in 
order  to  preserve  her  equilibrium  in  the  erect 
posture.  The  curves  of  the  spine  are  increased, 
and  this  tends  to  an  alteration  in  gait,  which  is 
especially  marked  in  short  women. 

Changes  i7i  the  Skin. — The  pigmentation  of 
the  skin  has  already  been  referred  to,  but  other 
changes  are  constant  phenomena.  The  sebaceous 
and  sweat  glands  acquire  increased  activity. 
Further,  according  to  Barnes,  "  women  who  had 
been  losing  their  hair  when  not  pregnant  found 
its  growth  restored  during  pregnancy,  and 
falling  out  again  after  labour."  According  to 
some  authorities,  the  changes  of  pigmentation 
are  associated  with  a  temporary  hypertrophy  of 
the  suprarenal  capsules. 

Changes  in  the  Nervous  System.  —  During 
pregnancy  the  nervous  system  becomes  especi- 
ally sensitive,  and  hence  numerous  reflex  pheno- 
mena are  observed.  Rigors,  flushings,  fainting, 
hysterical  disorders,  disturbance  of  the  special 
senses,  and  neuralgia  are  frequent.  In  the 
majority  the  mental  state  is  one  of  despondency, 
especially  in  the  early  months,  but  often  as 
gestation  advances  towards  completion  this  state 
gives  place  to  one  of  "  buoyancy  and  a  sense  of 
joyful  expectation."  It  is  quite  the  exception 
to  meet  with  women  who  feel  unusually  well  and 
cheerful  throughout  the  whole  pregnancy.  Most 
look  forward  with  great  anxiety  to  labour, 
fearing  the  worst  for  themselves  and  for  their 
child.  Changes  in  disposition  ai-e  frequently 
very  marked.  A  woman  who  is  naturally 
amiable  and  bright  may  during  pregnancy 
become  moody  and  disagreeable,  and  the  reverse 
is  also  sometimes  observed. 
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Changes  in  the  Urine. — The  kidneys  are  some- 
what enlarged  and  the  urine  is  increased  in 
quantity,  but  only  in  its  watery  elements. 
With  the  exception  of  the  chlorides  the  solid 
constituents  become  less  and  less  in  amount  as 
pregnancy  advances.  The  phosphates  and  sul- 
phates are  supposed  to  be  diminished  owing  to 
their  being  used  in  the  growth  of  the  foetus. 
At  one  time  it  was  held  that  a  white,  grumous, 
soft  "pellicle,"  known  as  kiestein,  was  diag- 
nostic of  pregnancy.  It  forms  in  the  urine 
about  thirty-six  hours  after  it  is  passed,  and 
about  the  fifth  day  it  breaks  up  and  falls  to  the 
bottom  of  the  glass ;  but  it  is  now  known  that 
a  similar  substance  is  sometimes  found  in  the 
urine  of  the  non-pregnant  and  even  in  the  urine 
of  men. 

During  the  last  few  weeks  of  pregnancy  sugar 
may  sometimes  be  detected  in  the  urine,  and 
during  lactation  it  may  be  found  in  large 
quantities,  diminishing  and  ultimately  dis- 
appearing when  the  milk  disappears  from  the 
mammse.  This  temporary  glycosuria  must  not 
be  confounded  with  true  diabetes,  which  is  a 
serious  complication  of  pregnancy. 

Authorities  differ  as  to  the  frequency  of 
albuminuria  during  pregnancy.  Schroeder 
maintains  that  in  all  pregnant  women  the  urine 
contains  albumin  varying  in  amount  from  3  to  5 
per  cent ;  others  give  the  percentage  as  high  as 
20  or  30.  No  doubt  albumin  is  detected  in  the 
i;rine  of  a  very  large  number  of  pregnant 
women,  and  to  many  of  these  the  albuminuria 
is  physiological  and  ti'ansitory.  This  "tempor- 
ary albuminuria  "  is  much  more  marked  during 
labour  than  during  pregnancy,  and  the  longer 
the  labour  the  more  likelihood  of  albuminuria. 
It  is  probably  due  to  reflex  vaso-motor  spasm  of 
the  renal  arteries  resulting  from  uterine  con- 
tractions. 

The  definite  causes  of  albuminuria  at  any 
stage  of  pi'egnancy  are  really  very  uncertain, 
although  many  theories  have  been  advanced  to 
account  for  the  condition.  Increased  intra- 
abdominal pressure,  resulting  in  interference 
with  the  circulation  in  the  vena  cava  and  its 
branches,  has  been  supposed  to  account  for 
some  cases,  but  this  has  never  been  proved. 
Most  admit  that  the  mechanical  pressure  of  the 
gravid  uterus  on  the  renal  vessels  predisposes 
to  the  disease,  and  there  are  several  facts  which 
tend  to  uphold  this  theory.  Albuminuria  is 
more  common  in  the  later  months  of  pregnancy 
than  during  the  first  five  months.  Those  cases 
occur  among  primiparte  in  whom  the  abdominal 
walls  are  tense  and  unyielding.  Farther, 
albuminuria  is  common  in  twin  pregnancies, 
and  when  pregnancy  is  complicated  by  the 
presence  of  a  fibroid  or  ovarian  tumour.  It  is 
less  frequent  during  pregnancy  than  during 
labour,  when  pressure  is  greater,  and  it  dimin- 
ishes after  the  birth  of  the  child.  The  theory 
of  increased  intra-abdominal  pressure  is  the 


oldest  of  all,  but  that  this  is  sufficient  to  excite 
the  disease  in  kidneys  previously  healthy  has 
never  been  proved.  It  has  been  suggested  that 
the  albuminuria  which  sometimes  occurs  in  the 
early  months  of  pregnancy  before  there  is  any 
possible  stagnation  from  pressure  is  purely 
reflex.  It  corresponds  to  the  reflex  irritation  of 
the  stomach  which  results  in  morning  sickness. 
The  hydrsemic  state  of  the  blood  is  supposed  to 
account  for  some  cases  of  albuminuria,  and  in 
others  the  increased  arterial  tension  may  be  the 
exciting  factor.  There  is  no  doubt  that  in 
still  others  the  albumin  found  in  the  urine  of 
pregnant  women  is  simply  the  result  of  vesical 
catarrh. 

It  is  not  necessary  to  do  more  than  mention 
these  cases  in  which  pregnancy  occurs  in  women 
suffering  from  chronic  Bright's  disease  with 
albuminuria,  and  those  who  having  previously 
suffered  from  kidney  disease  show  albumin  in 
the  urine  during  pregnancy.  These  cases  have 
quite  a  different  relation  to  pregnancy  from 
those  already  referred  to. 

The  presence  of  albumin  in  the  urine  of  a 
pregnant  woman  is  always  a  cause  of  anxiety. 
If  it  is  persistent  and  abundant,  and  especially 
if  it  occurs  early  in  pregnancy,  the  outlook  is 
grave,  and  careful  treatment  to  prevent  more 
serious  complications  is  urgently  required. 
Clinically,  albuminuria  suggests  the  possibility 
of  uraemia  and  eclampsia. 
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The  changes  produced  in  the  maternal  organ- 
ism by  the  condition  of  pregnancy  are  so  very 
definite,  and  opportunities  for  observing  them 
are  presented  so  often  to  every  medical  man, 
that  it  might  seem  impossible  for  any  one 
exercising  due  care  to  make  a  mistake  when  he 
is  called  upon  to  decide  as  to  the  presence  or 
absence  of  pregnancy  in  a  given  case.  That 
mistakes,  however,  are  frequently  made  in  this 
connection  is  a  matter  of  common  experience. 
Such  mistakes  are  doubtless  most  often  due  to 
carelessness  on  the  part  of  the  practitioner — a 
too  hasty  examination  of  the  patient,  or  a  too 
hasty  conclusion  drawn  from  subjective  phen- 
omena only,  without  any  physical  examination. 
On  the  other  hand,  when  it  is  remembered  that 
Tardieu  has  said  (and  our  knowledge  has  not 
advanced  much  since  then)  that  except  the 
bruit  of  the  foetal  heart,  the  signs  of  pregnancy, 
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from  the  development  of  the  abdomen  and 
breasts  up  to  the  movement  and  efforts  of 
labour,  may  be  observed  when  there  is  no 
pregnancy,  it  will  be  seen  that,  even  by  the  most 
skilful  and  careful  observers,  errors  in  diagnosis 
may  occasionally  be  made. 

The  ridicule  to  which  the  author  of  such  a 
mistake  is  apt  to  be  subjected,  and  the  loss  of 
professional  reputation  which  may  result,  would 
alone  render  this  subject  one  of  the  utmost 
importance  to  every  one  engaged  in  the  practice 
of  medicine.  There  is,  however,  another  and 
weightier  reason.  A  wrong  diagnosis  may  im- 
peril the  life  of  the  patient.  The  treatment  of 
certain  diseases  is  very  materially  modified 
should  pregnancy  he  also  present.  In  the  case 
of  an  ovarian  tumour,  which  has  been  mistaken 
for  a  gravid  uterus,  complications  may  arise 
which  make  its  removal  both  difficult  and 
dangerous ;  on  the  other  hand,  a  pregnant 
uterus  which  has  been  diagnosed  as  an  ovarian 
tumour  may  be  subjected  to  operation  with 
fatal  results,  as  has  unfortunately  not  infre- 
quently happened. 

Whenever,  therefore,  the  question  of  preg- 
nancy arises,  after  the  history  of  the  case  has 
been  carefully  searched,  a  thorough  physical 
examination  of  the  patient  should  be  made. 
Mistakes  will  then  be  rare.  It  is  also  a  good 
rule  to  follow  that,  however  strong  the  pre- 
sumptive evidences  of  pregnancy  may  be,  in  the 
absence  of  one  or  more  of  the  certain  signs  no 
absolutely  definite  opinion  should  be  expre&sed. 
The  lapse  of  a  month,  while  it  can  but  very 
rarely  do  harm,  will  generally  be  sufficient  to 
clear  up  the  diagnosis. 

Pregnancy  is  revealed  by  certain  symptoms 
and  signs,  subjective  and  objective  phenomena. 
The  importance  of  the  latter  over  the  former 
need  hardly  be  referred  to.  A  patient  may  not 
only  be  mistaken  with  regard  to  her  sensations, 
but  may  purposely  make  erroneous  statements 
about  them.  To  the  physician,  therefore,  the 
subjective  phenomena  afford  at  the  most  pre- 
sumptive evidence  only  :  the  certain  and  infall- 
ible signs  are  perceived  by  his  own  senses. 

Symptoms.  —  Subjective  Phenomena  of  Preg- 
nancy.—  I.  Suppression  of  Menses.  —  Menstrua- 
tion as  a  rule  is  in  abeyance  during  the  whole 
of  pregnancy,  and  its  stoppage  is  usually  the 
first  indication  to  the  patient  that  she  has  con- 
ceived. So  constant  is  this  symptom  that  it 
forms  the  most  reliable,  and  therefore  generally 
adopted,  datum  from  which  to  calculate  the  onset 
of  labour.  It  must,  however,  be  remembered  : 
Firstly,  pregnancy  can  occur  before  puberty, 
and  also  after  the  menopaiise.  Secondly,  men- 
struation may  continue  during  the  early  months 
of  gestation.  Only  in  vei-y  rare  cases  is  it  met 
with  after  the  third  month,  and  most  commonly 
it  will  occur  during  the  first  month  only.  In 
these  cases  the  amount  of  blood  lost  is  generally 
much  less  than  the  patient's  normal.  This, 


combined  with  the  short  duration  of  the  flow,  is 
often  sufficient  to  arouse  suspicion.  Cases  have, 
however,  been  recorded  where  menstruation 
went  on  regularly  and  normally  all  through  the 
nine  months  of  gestation,  and  Montgomery  and 
Palmer  record  cases  where  it  was  never  present 
except  during  pregnancy.  Thirdly,  that  many 
other  conditions — local,  constitutional,  climatic, 
and  emotional — may  cause  amenorrhoea.  In 
this  connection  the  emotional  or  psychical 
causes  of  amenorrhoea  call  for  special  note. 

Stoppage  of  menstruation  is  not  infi'equently 
met  with  in  newly  married  women  who  are  not 
pregnant  but  who  are  very  desirous  of  becoming 
so,  and  who  anxiously  look  forward  to  a  failure 
of  the  menstrual  flow  as  the  first  intimation 
that  conception  has  occurred.  More  often  it 
will  be  found  in  another  class — generally  un- 
married women  who  have  exposed  themselves  to 
the  risk  of  impregnation,  and  are  dreading  the 
result.  It  is  in  these  two  classes  of  cases  that 
mistakes  in  diagnosis  are  most  easily  made, 
because  not  infrequently  when  one  such  symp- 
tom appears,  others,  also  psychical  in  their 
cause,  are  apt  to  follow,  such  as  morning  sick- 
ness and  swelling  of  the  breasts.  To  sum  up, 
it  may  be  stated  that  amenorrlioea,  occurring 
in  a  healthy  woman  who  has  been  previously 
regular,  and  who  has  been  exposed  to  the 
chance  of  impregnation,  is  strong  presumptive 
evidence  of  pregnancy,  even  in  the  early 
months ;  and  its  value  increases,  of  course,  the 
longer  it  continues.  Confirmatory  evidence 
must  always  be  sought  for,  in  the  early  months 
in  the  condition  of  the  breasts,  and  in  the  later 
months  in  the  presence  of  the  abdominal 
tumour.  An  abdominal  tumour  associated  with 
amenorrhoea,  and  whose  size  corresponds  to 
the  number  of  periods  passed,  should  in  every 
case  excite  the  suspicion  of  pregnancy. 

II.  Morning  Sickness. — Nausea  and  vomiting- 
are  an  almost  constant  symptom  in  early  preg- 
nancy. It  occurs,  as  a  rule,  in  the  morning  on 
first  rising  from  the  recumbent  posture,  and 
hence  is  familiarly  known  as  morning  sickness. 
In  some  cases,  however,  it  may  occur  only  in 
the  afternoon  or  evening.  This  sickness  is 
generally  most  severe  in  primiparse  and  in 
highly  strung  nervous  women.  It  may  come  on 
immediately  after  conception,  more  often  shows 
itself  for  the  first  time  after  the  first  menstrual 
suppression,  and  generally  ceases  during  the 
fourth  month.  There  may  be  merely  a  feeling  of 
nausea,  but  this  is  usually  accompanied  by  the 
vomiting  of  a  glairy  mucvis.  Lasting  in  most 
cases  only  a  short  time  during  the  day,  it  causes, 
as  a  rule,  no  impairment  of  health.  In  some 
cases,  when  it  becomes  exaggerated  and  no  food  is 
retained,  it  may  constitute  a  very  serious  danger 
{see  Pregnancy,  Affections  and  Complications 
{Digestive  Disturbances) ).  The  vomiting  of  preg- 
nancy is  generally  considered  to  be  a  reflex 
disorder  reflected  from  the  uterus,  and  from  its 
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occurrence  so  very  early  in  some  cases  this  view 
is  probably  correct.  The  severer  forms  of  the 
disorder  may,  however,  be  a  manifestation  of  a 
tox£Emia  dependent  in  some  way,  not  yet  ascer- 
tained, on  the  pregnant  state. 

Taken  by  itself  morning  sickness  is  not  a 
symptom  of  much  value  in  the  diagnosis  of 
pregnancy,  as  vomiting  in  the  morning  after 
rising  is  not  infrequently  met  with  in  ordinary 
gastric  catarrh  and  in  chlorosis.  When  it  is 
associated  with  amenorrhoea  and  an  unimpaired 
appetite  it  is  significant  presumptive  evidence. 
It  is  valuable  as  a  corroborative  sign  because  it 
occurs  so  early  in  pregnancy. 

Increased  salivation  is  often  found  accom- 
panying the  severe  forms  of  morning  sickness. 
It  may  be  present,  however,  alone.  It  is  so 
rarely  met  with,  however,  as  to  be  of  very  slight 
diagnostic  importance. 

III.  Vm'ious  other  nervo^is  phenomena  which 
are  occasionally  met  with  in  pregnancy — such 
as  abnormal  cravings  for  certain  articles  of 
food,  changes  in  temperament  (irritability  or 
despondency),  and  neuralgias — are  of  no  value 
in  themselves  as  indicating  pregnancy.  When, 
however,  any  of  them  have  been  noticed  in  a 
patient  in  a  former  pregnancy  they  possess  a 
certain  significance. 

IV.  Quicliening. — Much  more  important  is  the 
subjective  phenomena  of  quickening,  a  term 
used  to  designate  the  sensation  for  the  first 
time  by  the  mother  of  the  movements  of  the 
foetus  in  utero.  The  date  of  this  is  generally 
about  mid-term,  when  the  growing  uterus  comes 
in  contact  with  the  abdominal  wall.  As  a  sign 
of  pregnancy  it  is  obviously  of  much  greater 
value  in  multiparous  than  primiparous  women. 
The  movement  of  flatus  in  the  intestines  and 
irregular  contractions  of  the  abdominal  muscles 
may  be  mistaken  even  by  multiparse  for  quicken- 
ing. Statements  regarding  the  sensation  of 
quickening  must,  therefore,  be  accepted  with 
caution,  and  too  great  reliance  must  not  be 
placed  on  them.  If  the  foetal  movements  have 
not  been  felt  by  the  mother  this  must  not  be 
taken  as  proof  of  the  non-existence  of  pregnancy, 
for  they  are  sometimes  not  noticed  until  very 
late,  sometimes  not  at  all  even  when  the  child  is 
quite  healthy ;  and,  lastly,  they  will  be  absent, 
of  course,  when  the  foetus  is  dead. 

V.  Bladder  Irritation.  —  Frequently  daring 
the  first  three  months,  while  the  uterus  is  still 
a  pelvic  organ,  patients  complain  of  some  bladder 
irritation.  Generally  this  is  evidenced  by 
frequent  calls  to  micturition,  in  some  cases  by 
actual  pain  during  the  act.  This  is  due  to  the 
pressure  of  the  anteflexed  uterus  against  the 
bladder,  and  passes  off  as  soon  as  the  uterus 
rises  out  of  the  pelvis.  By  itself  this  symptom 
is,  of  course,  of  no  value,  and  even  along  with 
others  is  of  little  importance  in  diagnosis. 

Kiestein,  the  flocculent  deposit  sometimes 
present  on  the  surface  of  the  urine  in  pregnancy, 


has  no  diagnostic  significance  as  was  once 
supposed.  It  is  composed  of  fungi  mixed  with 
triple  phosphates.  It  is  found  also  in  the  urine 
of  non-pregnant  women  and  also  in  that  of 
males. 

The  Objective  Signs  of  Pregnancy. — These, 
as  already  stated,  are  of  much  greater  diag- 
nostic value  than  the  subjective  symptoms  just 
mentioned.  These  signs  are  made  known  to  us 
by  direct  physical  examination  of  the  patient. 
This  includes  an  examination  of  the  mammse, 
abdomen,  vagina,  and  uterus. 

Changes  in  the  Mamm^. — These  have  already 
been  considered  under  the  head  of  local  changes 
in  the  maternal  organism  resulting  from  preg- 
nancy. We  need,  therefore,  refer  only  to  their 
relative  value  in  diagnosis. 

Montgomery  regarded  these  changes  to  be 
certain  signs  of  pregnancy  if  they  were  well 
marked.  As  a  general  rule  this  may  be  taken 
to  be  true  if  they  are  found  present  in  a  woman 
who  is  known  not  to  have  been  previously 
pregnant.  In  parous  women,  however,  their 
value  is  much  diminished  by  the  fact  that  in 
them  the  darkening  of  the  areola,  the  prom- 
inence of  the  areolar  tubercles,  and  secretion 
may  be  found  present  for  years  after  lactation 
has  ceased.  They  have  been  found  present 
also  in  non-pregnant  girls,  it  is  stated,  as  a 
result  of  repeated  sexual  intercourse  and 
mechanical  irritation  of  the  breasts  and  geni- 
tals. Almost  identical  changes,  too,  it  must  be 
kept  in  mind,  are  found  occasionally  in  con- 
nection with  various  pelvic  disorders,  such  as 
ovarian  and  fibroid  tumours,  chronic  metritis, 
etc.  The  chief  value  of  the  mammary  changes 
to  the  physician  lies  in  the  fact  that  they  occur 
so  early,  and  also  because  they  can  be  so  easily 
examined  in  a  suspected  case  of  pregnancy 
without  exciting  any  suspicion  in  the  mind  of 
the  patient  as  to  the  reason  of  the  examination. 

Abdominal  Signs  of  Pregnancy.  —  The 
changes  in  the  size,  shape,  and  appearance  of 
the  abdomen  have  already  been  stated.  There 
are,  however,  other  and  more  reliable  signs. 
They  are  as  follows : — 

{a)  Active  Movements  of  the  Foetus. — -These 
can  generally  be  both  seen  and  felt  through  the 
abdominal  wall  after  the  sixth  month.  In  a 
multiparous  patient  they  may  be  felt  even 
much  earlier.  As  seen  these  active  movements 
must  be  diff'erentiated  from  intestinal  peri- 
staltic movements.  When  felt  in  abdominal 
palpation  they  can  hardly  be  mistaken  for 
anything  else. 

(6)  Passive  Movements  of  the  Foetus,  Ballotte- 
ment. — The  sensation  which  is  imparted  to  the 
examining  hand  when  the  foetus  is  moved  about 
in  the  liquor  amnii  is  called  ballottement.  It 
can  be  felt  on  abdominal  examination  if  the 
foetus  is  not  too  large,  or  the  liquor  amnii  not 
too  scanty,  and  is  therefore  most  easily  recog- 
nised about  the  sixth  month.    It  is,  however. 
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subject  to  certain  fallacies.  A  solid  part  of  an 
ovarian  tumour,  when  moved  between  the  two 
hands,  may  impart  a  sensation  similar  to  that 
of  the  foetus  in  the  liquor  amnii.  As  practised 
in  vaginal  examination,  when  the  patient's 
shoulders  are  raised,  ballottement  is  one  of  the 
most  reliable  signs  of  pregnancy  that  we 
possess.  It  can  generally  be  felt  from  the  fifth 
to  the  eighth  month,  and  can  be  simulated  by 
nothing  else.  Vaginal  ballottement  is  of  special 
value  in  the  diagnosis  of  hydramnios,  when 
many  of  the  ordinary  signs  of  pregnancy  are 
observed.  It  these  cases  vaginal  ballottement 
is  most  clearly  made  out.  It  is  of  value  also 
because  it  can  be  practised  when  the  foetus  is 
dead  if  the  liquor  amnii  has  not  escaped.  It 
should  be  noted  also  that  not  only  may  a  large 
foetus  and  absence  or  deficiency  of  the  liquor 
amnii  obscTire  this  sign,  but  that  a  malpresenta- 
tion,  such  as  a  breech  or  placenta  prsevia,  may 
make  its  recognition  difficult  or  impossible. 

Intermittent  Contractions  of  Uterus. — The 
consistence  of  the  uterus  during  pregnancy  as 
felt  on  abdominal  or  vaginal  examination  will 
be  found  to  vary  from  time  to  time.  This 
variation  is  due  to  intermittent  contraction  and 
relaxation  of  its  muscular  wall.  The  interval 
between  the  contractions  varies  from  five  to 
fifteen  minutes,  and  the  duration  of  a  contrac- 
tion is  from  three  to  five  minutes.  On  bi- 
manual examination  they  can  be  felt  as  early  as 
the  third  month,  and  they  continue  throughout 
pregnancy.  They  are  not  absolutely  positive 
signs  of  pregnancy,  as  they  are  occasionally  felt 
in  soft,  rapidly  growing  fibrous  tumours,  but  so 
very  rarely  that  their  presence  may  be  taken  as 
very  strong  presumptive  evidence.  They  con- 
tinue though  the  foetus  is  dead. 

Foetal  Heart  Sounds. — Mayor  of  Geneva  in 
1816  first  pointed  out  that  on  auscultating  the 
abdomen  of  a  pregnant  woman  after  mid-term 
the  sounds  of  the  foetal  heart  could  be  heard. 
In  rare  cases  they  may  be  recognised  as  early 
as  the  eighteenth  week.  They  are  generally 
compared  to  the  sounds  of  a  watch  ticking 
under  a  pillow.  The  average  frequency  is  from 
1 35  to  1 40  per  minute.  They  are  less  frequent  in 
large  than  in  small  children.  The  intensity  of 
the  sounds  increases  with  the  development  of  the 
child,  but  there  is  little  change  in  their  rapidity 
from  the  time  they  are  first  noticed  till  the  end 
of  pregnancy.  The  point  of  maximum  intensity 
on  the  abdominal  wall  varies,  of  course,  with  the 
presentation  and  position  of  the  foetus.  Frank- 
enhauser's  statement  that  the  average  rate  of 
pulsation  is  greater  in  the  female  than  the  male 
is  now  considered  to  be  erroneous. 

Uterine  Souffle. — A  second  sound  heard  from 
the  fifth  month  onward  is  of  the  nature  of  a 
soft  blowing  murmur  synchronous  with  the 
maternal  pulse.  It  is  due  to  the  passage  of 
the  blood  through  the  dilated  and  tortuous 
uterine  arteries,  and  is  therefore  best  heard 


over  the  sides  of  the  uterus.  The  intensity 
varies  very  much  in  different  cases,  but  it  is 
to  be  heard  almost  constantly  after  the  fifth 
month.  As  a  similar  bruit  is  found  very  often 
in  fibrous  and  occasionally  in  ovarian  tumours, 
the  uterine  bruit  is  not  alone  of  great  value  in 
diagnosing  pregnancy. 

Funic  Soiiffle. — A  soft  bruit  synchronous  with 
the  foetal  heart  may  also  occasionally  be  heard. 
It  is  supposed  to  be  due  to  some  disturbance  of 
the  circulation  in  the  cord  produced  by  pressure. 

The  Changes  in  the  Vagina  in  Pregnancy. 
— During  early  pregnancy,  in  the  great  majority 
of  cases,  the  mucous  membrane  of  the  vulva 
and  vagina  is  of  a  pale-violet  colour,  changing 
to  deeper  bluish  tinge  in  the  later  months.  It 
is  noticed  often  as  early  as  the  second  month, 
and  is  generally  known  as  Jacquemier's  test, 
and  was  first  pointed  out  in  1837.  The  cause 
is  a  stasis  of  blood  in  the  dilated  vaginal  blood- 
vessels. It  is  not  a  constant  sign.  Chadwick 
found  it  absent  in  17  per  cent  of  cases  at  the 
end  of  the  third  month.  It  is,  however,  usually 
present,  and  is  a  valuable  corroborative  sign  in 
the  early  months  when  diagnosis  is  most  diffi- 
cult. Nor  is  it  an  infallible  sign,  for  a  similar 
discoloration  is  sometimes  got  in  cases  of  fibroid 
and  ovarian  tumours,  especially  when  these  are 
impacted  in  the  pelvis,  and  are  obstructing  the 
venous  circulation  in  the  pelvis. 

Softening  and  Enlargement  of  the  Vaginal 
Portion  o  f  the  Cervix.  —  To  the  expert  in  vaginal 
examination  these  changes  have  a  high  diagnostic 
value  from  the  third  month  onward.  It  has 
been  stated  that  the  absence  of  these  changes 
in  the  cervix  in  a  doubtful  case  of  abdominal 
swelling  reaching  beyond  the  umbilicus  may  be 
taken  as  almost  certain  evidence  of  the  non- 
existence of  an  intra-uterine  pregnancy.  The 
softening  of  the  cervix,  which  is  got  in  the 
early  stages  of  the  cervical  catarrh,  and  some- 
times in  intramural  fibroid  tumours,  is  not 
likely  to  be  mistaken  for  the  softening  that 
occurs  in  pregnancy,  except  in  the  early  months 
when  it  is  not  well  marked. 

The  Softening  and  Compressibility  of  the 
Lower  Uterine  Segment. — This  was  first  drawn 
attention  to  by  Hegar  in  1884,  and  is  generally 
known  as  Hegar's  sign.  It  can  be  noticed  best 
if  the  lower  part  of  the  body  of  the  uterus  is 
grasped  between  two  fingers — one  in  the  rectum, 
the  other  in  the  vagina — when  the  difference 
between  the  comparatively  hard  cervix  and 
upper  part  of  the  uterus  on  the  one  hand,  and 
the  soft  lower  uterine  segment  on  the  other,  is 
felt  to  be  very  marked,  and  the  compressibility 
of  the  lower  uterine  segment  is  easily  made  out. 
The  softening  and  broadening  out  of  the  lower 
uterine  segment  can  be  made  out  also  by  simple 
vaginal  examination  through  the  anterior  and 
posterior  fornices.  To  the  expert  Hegar's  sign  is 
of  great  value  in  the  diagnosis  of  early  pregnancy. 

Changes  in  the  Uterus. — -The  changes  in  the 
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size,  form,  position,  and  consistence  of  the 
uterus  while  it  is  still  within  the  pelvis  are 
the  most  reliable  signs  we  possess  for  the  diag- 
nosis of  early  pregnancy. 

Given  favourable  conditions  for  making  a 
bimanual  examination  of  the  uterus  in  early 
pregnancy,  i.e.  a  lax  abdominal  wall  and  uterus 
in  its  normal  position,  the  doughy  softness,  the 
fluctuation,  the  alternate  relaxations  and  con- 
tractions of  the  pregnant  uterus  can  hardly  be 
mistaken  for  anything  else. 

Still,  mistakes  are  made,  and  made  frequently ; 
therefore,  while  the  uterine  tumour  is  still  within 
the  pelvis,  it  is  well  not  to  be  definite  in  an 
expressed  opinion,  at  any  rate,  after  a  single 
examination. 

The  Differential  Diagnosis  of  Pregnancy 
The  increase  in  the  size  of  the  uterus  being 
one  of  the  most  reliable  signs  in  the  diagnosis 
of  early  pregnancy,  the  conditions  which  are 
apt  to  be  mistaken  for  it  are  naturally  those 
which  are  also  associated  with  this  same  sign. 
They  are  as  follows : — 

{a)  Chronic  Metritis :  Sub-involution. — The 
uterus  in  metritis,  though  enlarged,  will  be  felt 
to  be  uniformly  hard,  quite  distinct  from  the 
doughy  consistency  of  an  early  pregnancy.  It 
is  generally  also  associated  with  some  degree 
of  tenderness.  Menstruation  is  profuse,  and  a 
history  of  some  previous  pelvic  troubles  will 
generally  be  obtainable. 

t  \(h)  A  small  interstitial  fibroid  may  be  differen- 
tiated from  pregnancy  in  the  same  way.  It  is 
much  more  difficult  to  differentiate  between  a 
small  fibroid  and  chronic  metritis  than  to  dis- 
tinguish between  these  conditions  and  pregnancy. 

(c)  Enlargement  of  the  uterus  from  retained 
menstrual  or  watery  fluid  presents  often  much 
greater  difficulties.  Retention  of  menstrual 
fluid  occurs  in  the  great  majority  of  cases  in 
young  girls  in  whom  there  is  a  congenital 
atresia  of  the  cervix,  vagina,  or  hymen.  The 
uterine  tumour  which  is  found  on  abdominal 
palpation  closely  simulates,  because  of  its  doughy 
consistence,  the  pregnant  uterus ;  but  the  fact 
that  the  patient  has  never  menstruated,  the 
pain  which  is  generally  present,  and  the  absence 
of  mammary  signs,  will  generally  excite  sus- 
picion and  lead  to  a  vaginal  examination,  when, 
if  the  atresia  is  in  the  hymen  or  vagina,  the  real 
nature  of  the  case  will  be  at  once  recognised. 

Hsematometron  may,  however,  be  got  in 
women  who  have  menstruated.  The  cause  in 
them  will  generally  be  found  to  be  an  atresia 
of  the  cervix.  This  atresia  may  be  inflammatory 
in  its  origin,  or  be  due  to  the  application  of 
escharotics  to  the  cervix.  A  history  of  pain 
each  month,  the  absence  of  mammary  signs  and 
ballottement,  and  a  want  of  correspondence 
between  the  size  of  the  tumour  and  the  period 
of  amenorrhcea  as  in  the  former  case,  will 
generally  excite  suspicion,  though  the  use  of  a 


speculum  or  an  anaesthetic  may  be  necessary  to 
enable  us  to  make  a  positive  diagnosis. 

Distension  of  the  uterus  by  a  watery  or  mu- 
cous fluid  is  a  rare  condition.  It  is  met  with 
after  the  menopause,  and  is  due  to  senile  changes, 
producing  an  atresia  of  the  cervix.  Occurring 
as  it  does  in  old  women  it  is  not  likely  to  be 
mistaken  for  a  pregnancy. 

In  the  differential  diagnosis  of  these  con- 
ditions, which  may  simulate  pregnancy  in  the 
early  months,  it  will  be  seen  that  we  are  largely 
dependent  on  the  bimanual  examination  of  the 
uterus.  The  necessity  for  caution  in  our  ex- 
pressed opinion  at  this  period  has  already  been 
stated.  When  from  any  reason  the  uterus 
cannot  be  satisfactorily  palpated  bimanually — 
it  may  be  owing  to  the  thickness  or  tension  of 
the  abdominal  wall,  or  to  a  backward  displace- 
ment of  the  uterus — there  is  still  greater  reason 
for  being  careful.  Pregnancy  in  a  retroverted 
uterus  in  the  early  months  is  very  easily  over- 
looked even  by  the  most  expert  examiner. 

From  the  fifth  month  onward  pregnancy  has 
to  be  differentiated  from  all  those  conditions 
which  are  accompanied  by  enlargement  of  the 
abdomen.    The  most  important  of  these  are — 

Ovarian  Tumour. — Cystic  ovarian  tumours, 
from  their  comparatively  rapid  growth,  from 
their  consistence,  and  from  the  fact  that  not 
infrequently  they  are  associated  with  amenor- 
rhcea, have  frequently  been  mistaken  for  preg- 
nancy. The  converse  is  equally  true.  The 
following  points  should  be  remembered  in  differ- 
entiating the  one  from  the  other.  Ovarian 
tumours  rule,  slower  in  growth  than 

the  pregnant  uterus,  and  while  in  the  latter 
the  abdominal  swelling  is  central  from  the  first, 
in  the  case  of  the  latter  we  can  generally  elicit 
a  history  that  the  swelling  was  first  noticed  at 
one  or  other  side.  If  amenorrhcea  is  present 
with  an  ovarian  tumour*,  it  is  very  unlikely 
that  the  size  of  the  abdominal  swelling  will 
have  the  same  relation  to  the  period  of  amenor- 
rhcea as  that  of  the  pregnant  uterus.  Menstrua- 
tion, however,  is  regular  in  the  majority  of  cases 
of  ovarian  tumour  found  before  the  menopause. 
Secretion  may  be  present  in  the  breasts  in  cases 
of  ovarian  tumour,  but  only  rarely  is  this  so, 
and  then  the  other  mammary  changes  are  absent. 
Examination  in  the  case  of  ovarian  tumours  for 
the  uterine  bruit,  foetal  heart,  and  ballottement, 
will  give  negative  results,  and  the  uterus  on 
vaginal  examination  can  generally  be  felt  not 
enlarged  and  displaced  backward,  forward,  or  to 
the  side. 

It  is  in  cases  of  hydramnios,  with  consequent 
great  abdominal  enlargement,  that  mistakes  are 
most  apt  to  occur.  Here  several  of  the  ab- 
dominal signs  of  pregnancy  already  mentioned 
may  be  absent,  e.g.  the  foetal  heart  and  uterine 
bruit,  and  the  active  and  passive  movements  of 
the  foetus.  Vaginal  ballottement,  on  the  other 
hand,  can  be  made  out  unusually  distinctly,  and 
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is  the  most  reliable  sign  we  possess  for  the  diag- 
nosis of  this  condition.  It  may  be  noticed  in 
passing  that  the  sound  may  be  passed  into  the 
pregnant  uterus  without  rupturing  the  mem- 
brane, so  that  this  simple  operation  must  not 
be  relied  on  to  differentiate  a  pregnancy  from 
an  ovarian  tumour. 

Fibroid  Tumours  of  the  Uterus. — These,  as  a 
rule,  are  denser  and  grow  more  slowly  than  the 
pregnant  uterus,  and  menorrhagia  is  generally 
a  prominent  symptom.  In  rare  cases  there  may 
be  found  present  mammary  changes,  but  these 
are  never  so  marked  as  those  of  pregnancy.  A 
uterine  bruit  is  heard  in  more  than  half  the 
number  of  cases,  but  the  foetal  heart  sounds 
are  of  course  absent,  as  are  also  the  vaginal 
changes  found  in  pregnancy.  These  points  will 
generally  serve  to  differentiate  the  one  condition 
from  the  other.  It  must  be  kept  in  mind,  how- 
ever, that  soft  fibroids,  and  those  undergoing 
cystic  degeneration,  may  undergo  a  rapid  in- 
crease in  size,  and  that  in  soft  fibroids  the  inter- 
mittent softening  and  hardening  of  the  uterine 
wall  so  markedly  felt  in  pregnancy  may  in  rare 
cases  also  be  noticed.  In  the  absence  of  a  very 
definite  and  reliable  history  it  is  very  difhcult 
to  distinguish  between  a  pregnancy  in  which 
the  foetus  has  died  and  been  retained  in  utero, 
and  a  fibroid  tumour. 

Hydatid  degeneration  of  the  chorion,  pro- 
ducing an  irregularly  shaped  uterus  and  giving 
rise  to  irregular  haemorrhages,  may  closely 
simulate  a  soft  fibroid  tumour.  The  history, 
however,  will  be  different  in  the  two  cases,  and 
if  this  is  not  obtainable  the  lapse  of  a  month 
will  usually  clear  up  the  diagnosis. 

Where  a  fibroid  or  an  ovarian  tumour  and 
pregnancy  co-exist  the  difficulty  in  diagnosis 
may  be  very  great,  but  if  the  possibility  of  this 
occurrence  is  kept  in  mind,  it  will  help  occasion- 
ally in  the  diagnosis  of  an  abdominal  swelling 
with  an  obscure  history  and  apparently  contra- 
dictory symptoms. 

Distended  Bladder. — An  over-distended  blad- 
der is  not  likely  in  itself  to  be  mistaken  for  the 
pregnant  uterus,  though  where  it  is  present 
along  with  a  pregnancy  it  may  lead  to  certain 
errors  in  diagnosis.  A  distended  bladder,  for 
instance,  the  result  of  an  impacted  retroflexed 
gravid  uterus,  may  be  mistaken  for  hydramnios, 
or  may  cause  one  to  suppose  that  the  gestation 
is  much  further  advanced  than  it  really  is. 
Such  a  mistake  could  only  arise  when  a  vaginal 
examination  had  not  been  made. 

Obesity. — Accumulation  of  fat  in  the  abdom- 
inal wall  or  in  the  omentum  may  not  only  render 
the  diagnosis  of  pregnancy  difficult,  but  may  be 
mistaken  for  it.  In  women  who  are  getting  fat, 
menstruation  frequently  becomes  scanty  and 
sometimes  ceases  altogether.  This  obesity  is 
very  often  developed  at  the  menopause.  The 
increase  in  size  of  the  abdomen  and  the  cessation 
of  menstruation  naturally  suggest  pregnancy, 


but  when  other  corroborative  signs  are  sought 
for  in  the  mammse  or  vagina  they  will  be  found 
absent.  Still,  in  stout  women  caution  should 
be  observed  in  expressing  a  negative  opinion, 
for  obesity  obscures  most  of  the  abdominal  signs 
of  pregnancy,  and  also  renders  the  vaginal 
examination  very  difficult. 

Spurious  Pregnancy. — This  is  a  rare  con- 
dition, met  with  usually  in  neurotic  patients,  or 
in  women  who  have  married  late  in  life  and  are 
desirous  of  becoming  pregnant.  In  it  all  the 
symptoms  and  several  of  the  signs  of  a  true 
pregnancy  are  present.  Menstruation  may 
stop,  the  breasts  secrete  milk  and  enlarge,  and 
there  is  morning  sickness.  Later  there  is 
swelling  of  the  abdomen,  quickening  is  felt,  and 
the  patient  passes  into  a  spurious  labour.  If 
suspicion  is  aroused,  and  a  careful  examination 
made,  a  mistake  in  diagnosis  is  not  likely  to  be 
made.  A  resonant  percussion  note  over  the 
abdominal  swelling  alone  excludes  a  true  preg- 
nancy. Should  the  patient  be  stout  an  anses- 
thetic  may  be  necessary.  In  narcosis  the 
abdominal  tumour  generally  subsides. 

Tumours  of  other  Abdominal  Viscera  :  Liver, 
Spleen,  Kidneys. — These  are  not  so  likely  to  be 
mistaken  for  pregnancy  as  tumours  of  the  ovary 
or  uterus.  Their  growth  is  usually  slow,  and, 
with  the  exception  of  the  abdominal  swelling 
which  they  produce,  they  are  unaccompanied 
by  any  of  the  other  signs  of  pregnancy.  The 
lower  border  of  such  tumouis  is  free,  and  the 
edge  of  the  hand  can  be  passed  between  it  and 
the  pubis,  thus  proving  their  abdominal  and 
not  pelvic  origin. 

Ascites. — Ascites  could  hardly  be  mistaken 
for  pregnancy.  Fluctuation  is  very  distinct, 
the  character  of  the  percussion  note  changes 
with  the  position  of  the  patient,  and  the  signs 
of  pregnancy  are  absent. 

The  Diagnosis  of  the  Probable  Date  op 
Confinement. — The  date  of  delivery  can  be 
predicted  only  approximately,  firstly,  because 
the  d\iration  of  human  gestation  varies  within 
certain  limits,  and,  secondly,  because  even  if 
this  duration  was  constant,  we  are  unable  to 
determine  exactly  when  fertilisation  of  the 
ovum  takes  place.  We  do  know  now  that 
ovulation  occurs  irregularly,  and  not  only  in 
relation  to  menstruation  as  was  formerly  sup- 
posed, and  from  observations  in  the  lower 
animals  it  is  probable  that  an  interval  of  from 
one  to  fourteen  days  may  elapse  between  in- 
semination and  fertilisation.  So  far  as  we  can 
determine,  the  average  duration  of  human  preg- 
nancy is  from  270  to  280  days.  It  is  found 
also  that  the  first  week  immediately  following 
menstruation  is  the  most  favourable  time  for 
fertilisation,  and  this  fact  is  made  use  of  in 
calculating  the  date  of  the  onset  of  labour. 
Naegle's  method,  because  of  its  simplicity,  is 
the  one  generally  used.  It  consists  in  going 
back   three   mouths   from   the   date   of  the- 
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beginning  of  the  last  menstruation  and  adding 
seven  days ;  e.g.  the  date  of  the  commencement 
of  the  last  menstruation  being  August  7,  labour 
may  be  expected  about  the  14th  of  the  follow- 
ing May.  Where  the  menstrual  history  of  the 
patient  is  available  no  more  accurate  method 
can  be  got ;  but  an  error  of  from  one  to  three 
weeks  even  with  this  is  possible.  The  possi- 
bility of  menstruation  in  the  early  months  of 
pregnancy  must  always  be  borne  in  mind. 
A^ery  often,  however,  as  in  cases  where  menstru- 
ation is  irregular  or  absent,  as  in  lactation, 
ansemia,  phthisis,  before  puberty,  etc.,  this 
method  of  calculation  is  impossible. 

The  Date  of  Fruitful  Coitus. — This  datum  is 
rarely  available  in  married  women,  though  some 
profess  to  know  from  their  sensations  during 
coitus  if  conception  has  taken  place.  It  is  use- 
ful, however,  in  those  cases  where  there  is  a 
history  of  a  single  coitus.  The  onset  of  labour 
may  then  be  predicted  at  the  275th  day  after 
coitus. 

The  Date  of  Quickening.- — Quickening  gener- 
ally occurs  about  the  third  term  of  pregnancy, 
and  may  therefore  be  used,  in  the  absence  of 
more  reliable  data,  in  calculating  the  probable 
date  of  confinement.  In  an  intelligent  muci- 
parous woman  it  is  of  distinct  value  for  this 
purpose.  In  all  cases  it  is  useful  as  a  check 
where  the  menstrual  history  is  indefinite,  and  is 
probably  the  most  reliable  datum  available 
where  from  any  cause  menstruation  has  been 
suspended  before  impregnation. 

The  Height  of  the  Fundus  Uteri. — This  de- 
pends to  a  considerable  extent  on  the  amount  of 
liquor  amnii  and  the  size  of  the  foetus.  Roughly 
speaking,  however,  it  may  be  said  that  the 
fundus  can  be  felt  just  aljove  the  symphysis 
pubis  in  the  fourth  month,  at  the  fifth  month 
midway  between  the  symphysis  and  umbilicus, 
at  the  sixth  month  at  the  level  of  the  umbilicus, 
at  the  seventh  month  two  finger-breadths  above 
the  umbilicus,  at  the  eighth  midway  between 
the  umbilicus  and  the  ensiform  cartilage,  at  the 
ninth  it  reaches  the  ensiform,  and  in  the  tenth 
month  the  fundus  sinks  somewhat  to  a  lower 
level.  The  level  of  the  fundus,  in  many  cases, 
does  not  vary  much  in  the  last  weeks.  The 
condition  of  the  cervix  at  this  time,  however, 
will  enable  us  to  tell  at  least  if  labour  is 
imminent,  as  it  undergoes  a  real  shortening, 
and  its  canal  becomes  merged  into  that  of  the 
uterus  in  the  last  fortnight  of  pregnancy. 

The  Length  of  the  Foetus  in  Utero. — This, 
according  to  Carl  Braun,  forms  one  of  the  best 
data  from  which  to  estimate  the  time  of  preg- 
nancy. As  it  lies  folded  up  in  the  uterus,  the 
length  of  the  foetal  axis  is  found  to  be  about 
one  inch  for  every  lunar  month  of  gestation. 
The  measurement  is  got  by  applying  one  arm 
of  a  pair  of  callipers  to  the  lowest  part  of  the 
head,  the  other  to  the  highest  part  of  the  breech. 
In  primiparse,  where  the  head  is  already  within 


the  brim,  it  is  necessary  to  introduce  the  lower 
blade  into  the  vagina.  A  measurement  of  seven 
inches  got  in  this  way  would  indicate  a  seven 
months'  gestation.  This  method  of  calculation 
is  not,  however,  likely  to  be  much  used  in 
general  practice. 

In  calculating  the  onset  of  labour  we  will 
then  generally  rely  on  Naegle's  method.  It  is 
well  never  to  be  too  definite,  a  considerable 
margin  should  always  be  allowed,  as  mistakes  of 
from  one  to  three  weeks  are  common. 

Diagnosis  of  the  Death  of  the  F(etus. — 
The  indications  of  intrauterine  death  may  be 
briefly  stated  as  follows  : — 

1.  The  disappearance  of  the  foetal  heart 
sounds  if  these  have  been  previously  noticed. 

2.  The  cessation  of  active  foetal  movements. 

3.  A  slow  diminution  in  the  size  of  the  ab- 
dominal tumour. 

4.  Diminution  in  size  and  tension  of  the 
mammse. 

5.  Symptoms  on  the  part  of  the  mother  of 
malaise.  Chilliness  and  a  feeling  of  dead  weight 
in  the  lower  abdomen. 

6.  Foetid  discharge  from  the  uterus  if  the 
membranes  have  been  ruptured. 

7.  Looseness  and  mobility  of  the  foetal  cranial 
bones  and  feet  on  vaginal  examination  if  the 
finger  can  be  introduced  within  the  internal  os. 

If  the  membranes  remain  unruptured  the 
liquor  amnii  is  slowly  absorbed,  and  the  dead 
foetus  may  be  retained  in  utero  for  weeks  and 
even  months.  Such  a  consideration,  as  already 
stated,  in  the  absence  of  a  definite  and  reliable 
history,  may  present  great  difficulty  in  diagnosis. 

The  Diagnosis  of  Primiparity  and  Multi- 
parity. — Under  certain  circumstances,  generally 
medico-legal,  it  may  be  necessary  to  determine 
if  a  woman  is  pregnant  for  the  first  time  or  has 
previously  been  so.  Traces  of  a  former  preg- 
nancy which  has  gone  to  full  time  or  past  the 
sixth  month  can  generally  be  found  in  the  lax  and 
pendulous  condition  of  the  mammje,  the  relaxed 
abdominal  wall,  the  linese  albicantes,  the  absence 
of  the  hymen,  the  patulous  condition  of  the 
vagina  and  vaginal  orifice,  and  the  lacerated 
cervix.  A  pregnancy,  however,  which  has  ter- 
minated in  an  abortion  before  the  sixth  month 
may  leave  no  traces  at  all  by  which  it  can  be 
subsequently  recognised.  It  must  also  always 
be  kept  in  mind  that  the  lapse  of  a  few  years 
may  obliterate  many  of  the  above  signs,  and 
that  certain  pathological  conditions  of  the 
cervix  in  a  primipara  may  closely  simulate  the 
characters  of  the  cervix  in  a  multiparous  woman. 

Diagnosis  of  Multiple  Pregnancy.  (See 
Multiple  Pregnancy.) 
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1.  Definition  and  Varieties. — One  child  at  a 
birth  is  the  natural  or  normal  law  in  woman, 
but  plural  conceptions  are  not  infrequent. 
The  pregnancy  is  then  spoken  of  as  multiple. 
Two  at  a  birth  is  comparatively  common  as 
compared  with  higher  numbers,  and  is  taken  as 
the  type  of  plural  conceptions.  Cases  of  three 
are  rare,  once  in  about  7000  deliveries ;  four 
still  more  rare,  and  of  five  not  more  than  six  or 
seven  cases  have  been  recorded.  More  than  five 
at  a  birth  has  not  been  reliably  authenticated. 

2.  Frequency. — The  proportion  of  twins  to 
single  births  may  be  regarded  generally  as  1 
in  80  deliveries.  Variations  in  frequency  are 
shown  in  the  statistics  of  different  countries, 
from  1  in  60  (Bohemia  and  Ireland)  to  1  in  100 
(France),  or  1  in  120  (New  York).  These 
apparent  differences,  however,  may,  to  a  large 
extent,  be  due  to  different  systems  of  registra- 
tion, and  to  defects,  such  as  omission  of  abortions, 
in  the  registers.  The  frequency  is  no  indication 
of  the  comparative  fertility  of  the  respective 
nations. 

3.  The  infiuences  ivhich  predispose  to  twin- 
hearing  have  attracted  considerable  attention, 
but  the  conclusions  arrived  at  reach  only  a 
varying  degree  of  probability.  There  is  abundant 
evidence  to  show  in  many  cases  a  hereditary 
influence,  and  also  to  support  the  opinion  that 
there  is  an  association  between  twin-hearing  and 
prolificacy,  but  these  influences,  in  all  proba- 
bility, apply  to  one  class  of  twins  only,  the 
binovular,  and  not  to  the  monochorionic  or 
homologous  twins. 

The  influence  of  the  mother's  age  and  the 
number  of  the  pregnancy  have  been  carefully 
worked  out  by  Dr.  Matthews  Duncan.  The 
following  statements  indicate  the  results  of 
his  investigations  regarding  the  points  in 
question : — 

( 1 )  The  mean  age  of  twin-bearing  mothers  is 
greater  than  that  of  mothers  generally. 

(2)  While  of  all  births  three-fifths  occurred 
among  women  under  thirty,  there  occurred 
only  two-fifths  of  the  twins  among  the  younger 
women. 

(3)  From  the  earliest  child-bearing  period  till 
the  age  of  forty  is  reached,  the  tendency  to 
twin-bearing  increases — or,  in  other  words,  the 
proportion  of  mothers  of  twins  to  mothers  of 
the  same  age  increases  as  the  fertile  women 
grow  older. 

(4)  The  same  is  found  as  regards  the  initial 
fertility.  Newly  married  women  are  more  likely 
to  have  twins  the  older  they  are.  Every  one 
hundred  and  fifty-third  woman  among  the 
youngest  fertile  women  beax's  twins  within  two 
years  after  marriage ;  among  the  older  women, 


from  thirty-five  to  forty  years  of  age,  every 
forty-second  woman  bears  twins  within  two  years 
after  marriage,  or  nearly  four  times  as  many. 

(5)  As  regards  the  number  of  the  mother's 
pregnancy,  the  proportional  frequency  of  twins 
increases  with  the  number  of  the  pregnancy. 
To  this  general  statement  there  is  an  exception 
in  the  case  of  first  pregnancies.  Woman  has 
apparently  an  increased  chance  of  bearing  twins 
in  her  first  pregnancy. 

Influence  of  the  Male.  —  Cases  have  been 
recorded  which  appear  to  support  the  view  that 
the  male  may  exert  some  influence  in  the  pro- 
creation of  twins  ;  as  where  a  man  twice  married 
has  had  twins  by  both  his  wives ;  or  where  a 
marked  hereditary  tendency  to  twin-bearing 
has  been  traced  in  successive  generations,  it  has 
manifested  itself  in  the  family  of  one  of  the 
males.  Seeing,  however,  that  twins  must 
primarily  depend  on  ovulation,  such  instances 
may  be  regarded  as  mere  coincidents,  unless  it 
can  be  shown  that  the  generative  vigour  of  the 
husband  can  stimulate  the  function  of  ovulation 
in  the  wife. 

4.  Origin  and  Development. — Twins  may  be 
developed  from  two  ova,  binovular,  derived 
from  either  a  single  Graafian  follicle,  or  two 
separate  ones,  in  the  same  or  different  ovaries  ; 
or  they  may  take  origin  from  one  ovum,  uni- 
ovular, containing  a  double  germ. 

Ahlfeld  has  advanced  the  view  that  twins 
may  take  origin  from  division  in  the  formative 
matei'ial  within  a  single  area  germinativa. 
When  the  division  is  complete,  separate  twins 
are  produced  with  a  single  amnion,  or  if  incom- 
plete, conjoined  twins  or  some  form  of  double 
monster  is  the  result. 

Evidence  of  the  origin  and  mode  of  develop- 
ment can  be  obtained  by  making  a  careful 
examination  of  the  placentse  and  membranes. 
This  should  always  be  done,  especially  where 
anything  peculiar  in  the  foetuses  or  labour  has 
been  observed.  The  want  of  any  note  as  to  the 
relation  of  the  membranes  to  the  foetuses  has 
much  impaired  the  value  of  the  record  of  cases. 
In  certain  conditions  the  relationship  may  be 
difficult  to  determine.  The  separability  of  the 
chorion  from  the  amnion  at  full  term  and  the 
difference  in  transparency  make  easy  the  recog- 
nition of  the  envelopes.  During  examination 
the  structures  should  be  placed  under  water. 

When  binovular  there  are  two  chorions, 
dichorionic,  and  t^vo  anmiotic  sacs,  and  if  the 
ova  have  been  embedded  in  the  mucosa 
sufficiently  apart,  each  will  have  had  a  separate 
decidua  reflexa,  but  when  close  together  the 
latter  may  have  been  in  common. 

When  uniovular  the  chorion  is  single,  mono- 
chorionic, but  with  two  amniotic  sacs  in  nearly 
every  case.  Occasionally  both  foetuses  lie  in  a 
common  amnion.  A  single  chorion  occurs  once 
in  eight  cases,  a  single  amnion  once  in  132  twin 
pregnancies  (Ahlfeld). 
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5.  Examination  of  Placentm  and  Membranes. 
— a.  When  the  placentfe  are  separate,  and  each 
foetus  lies  in  its  own  chorion  and  amnion,  there 
can  be  no  doubt  of  their  origin  from  two  dis- 
tinct ova.  Although  developed  separately  the 
placentae,  in  the  process  of  growth,  may  come  in 
contact  and  so  combine  as  to  give  the  appear- 
ance of  a  common  placenta.  The  double  chorion 
will  indicate  the  distinct  origin.  In  such  cases 
the  placental  vessels  are  entirely  distinct,  there 
is  no  anastomosis. 

b.  If  only  one  chorionic  covei'ing  is  present 
the  foetuses  have  been  derived  from  a  single 
ovum  with  two  .germs.  In  such  cases  the 
placentae  are  always  united,  and  it  is  not  rare 
for  anastomosis  to  have  existed  between  the 
two  circulations.  The  cords  may  be  inserted 
close  together  or  widely  apart. 

c.  In  such  cases,  with  a  single  chorion,  there 
is  nearly  always  two  amnions.  Both  foetuses, 
however,  may  be  found  to  have  occupied  a 
common  amnion.  The  sac  may  have  been 
single  from  the  first,  for  the  blastoderm  may 
envelop  both  foetuses  in  a  common  amnion ; 
but  in  other  cases  it  would  appear,  that  though 
primarily  double,  the  cavities  have  been  reduced 
to  one  by  the  absorption  of  the  septum  or 
portion  of  the  two  sacs  in  contact.  Remnants 
of  the  septum  have  been  found,  and  traces  may 
be  detected,  between  the  insertions  of  the  cords, 
in  the  forms  of  lines  of  fat  from  degeneration  of 
the  tissues  and  adhesion  of  the  amnion  beneath. 

Homologous  Twins.  —  This  term  has  been 
applied  by  Ahlfeld  where  normally  formed  twins 
of  the  same  sex  have  been  enclosed  within  one 
chorion  and  drawn  their  nourishment  from  a 
single  placenta — the  monochorionic  disomata  of 
teratologists.  They  are  strikingly  alike,  and 
present  great  similarity  in  bodily  development 
and  even  in  disease. 

A  very  different  result  is  found  in  another 
group  of  this  class,  the  allantoido-anc/iopagiis 
(Ballantyne)  or  omphalo-angiopagus  of  other 
writers.  They  are  defined  as  "  twins  of  the 
same  sex,  enclosed  within  a  single  chorion,  one 
of  which  shows  more  or  less  grave  developmental 
defects,  and  communicates  with  the  other  by 
means  of  the  vessels  of  the  umbilical  cord  in 
the  neighbourhood."  The  modes  by  which  this 
anastomosis  occurs  are  very  numerous,  they  are 
both  wdthin  and  without  the  placenta,  and  it 
thus  becomes  possible  that  the  circulation  of 
the  deformed  twin,  which  may  not  have  a 
heart,  is  maintained  by  the  heart  of  the  normal 
twin.  Hence  the  importance  of  carefully  de- 
scribing the  vascular  arrangement  in  all  cases 
of  twin  monstrosities,  and  of  including  the 
placenta  and  membranes  when  sending  a  speci- 
men of  deformity  to  a  specialist. 

6.  Sex  of  Twins. — Monochorionic  twins  are 
always  of  the  same  sex.  When  the  chorion  is 
double  they  may  be  of  the  same  or  diff'erent  sex. 
Males  preponderate  over  females,  but  to  a  lesser 


extent  than  in  births  generally.  Most  frequently 
the  two  children  are  of  different  sex.  In  the 
Prussian  statistics,  in  150,000  twin  pregnancies, 
a  boy  and  girl  occurred  54,000  times,  both 
males  50,000,  and  both  girls  46,000  times. 

7.  The  Diagnosis. — The  presence  of  more  than 
one  foetus  in  utero  may  at  times  be  suspected  from 
the  size  and  forn^  of  the  uterine  tumour,  but  a 
certain  diagnosis  can  be  made  before  labour  only 
on  the  evidence  of  palpation  and  auscultation. 
The  uterus  need  not  necessarily  be  large  if  the 
twins  are  small,  or  there  is  great  disparity  in 
size ;  and  a  large  uterus  may  be  due  to  an 
extra-sized  single  foetus,  or  to  an  excess  of  liquor 
amnii.  The  evidence  of  a  large  quantity  of  the 
waters,  on  the  other  hand,  does  not  negative 
twins,  for  that  condition  is  not  infrequently  pre- 
sent in  plural  pregnancies.  In  the  earlier 
months  there  is  no  certain  sign.  When  preg- 
nancy is  sufficiently  advanced  to  permit  of  the 
foetal  parts  being  recognised  by  palpation,  the 
definite  character  of  a  head  may  be  made  out  in 
two  places,  but  the  apparently  numerous  points 
oi  foetal  limbs  are  liable  by  themselves  to  deceive. 
The  foetal  heart  sounds  heard  readily  in  two 
places  are  insufficient ;  but  when  two  points  of 
greatest  intensity  are  found  at  some  distance 
and  on  different  sides  of  the  uterus,  with  a  line 
of  diminishing  intensity  and  again  increasing 
between,  or  the  sounds  lost  and  again  found,  the 
inference  of  plural  pregnancy  is  very  strong, 
and  is  made  certain  if  on  two  or  three  observa- 
tions made  simultaneously  by  two  observers,  the 
rate  of  the  heart-beats  proves  to  be  different  at 
the  two  spots. 

8.  The  course  of  pregnancy  is  more  liable  to 
be  disturbed  when  plural  than  when  single. 
Abortions  are  comparatively  more  frequent,  and 
there  is  an  increased  tendency  for  labour  to  ensue 
more  or  less  prematurely.  This  does  not  arise, 
as  is  generally  supposed,  from  the  over-disten- 
sion and  greater  irritability  of  the  uterus,  but 
from  the  feebler  organisation  and  consequent 
earlier  occurrence  of  the  physiological  degener- 
ative changes  which  are  now  known  to  precede 
the  onset  of  labour. 

When  the  foetuses  are  developed  from  two 
distinct  ova,  dichorionic,  the  prospects  are  much 
more  favourable.  Inequality  in  development 
and  gi'owth  is  common — one  foetus,  as  a  rule,  is 
more  favoured  than  the  other.  The  relative 
position  in  the  uterus  is  an  insufficient  explana- 
tion, for  the  most  favoured  is  not  always  the 
first  to  be  born.  In  the  monochorionic  variety 
defective  development  and  nutrition  are  more 
likely  to  occur,  and  to  lead  to  malformations  or 
death  of  one  of  the  foetuses.  The  degree  of 
proximity  of  one  embryo  to  the  other,  their 
relation  to  the  decidua  serotina,  and  the  union 
of  the  two  allantoides,  are  the  chief  factors  in 
causing  interference.  The  greatest  diversity  is 
found  where  both  foetuses  derive  their  nourish- 
ment from  one  common  placenta. 
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One  foetus  may  die  and  be  retained  without 
undergoing  maceration  or  decomposition.  It  is 
expelled  and  found  amongst  the  membranes, 
flattened  and  shrivelled,  the  foetus  papyraceus  v. 
compressiis. 

Well-authenticated  cases  have  been  recorded 
where  one  foetus  has  aborted  and  been  expelled, 
the  pregnancy,  nevertheless,  continuing  with 
the  other  and  reaching  maturity  at  the  full 
time. 

In  the  later  months  a  considerable  interval 
of  days  and  even  weeks  in  a  few  cases  has 
elapsed  between  the  births  of  the  two  children. 
Some  of  these  have  been  proved  to  be  due  to 
litems  duplex,  and  probably  all  are.  Such  an 
occurrence,  and  the  occasional  great  disparity 
between  the  two  children,  gave  origin  to  the 
hypothesis  of  superfcetation,  by  which  is  meant 
the  possibility  of  a  woman  being  capable  of  con- 
ceiving a  second  time  when  already  pregnant 
for  one  or  more  months.  Excluding  ectopic 
gestation  and  the  presense  of  a  double  uterus, 
such  a  hypothesis  is  now  held  to  be  "  physi- 
ologically untenable."  Superfecundation,  or  the 
impregnation  of  a  woman  a  second  time,  by  two 
separate  sexual  acts  within  one  intermenstrual 
period,  is  totally  different,  and  has  been  proved 
to  occur  by  cases  where  the  fathers  of  the  twins 
have  been  of  different  races.  But  the  short 
interval  within  which  such  second  impregnation 
must  take  place  does  not  explain  the  great  dis- 
parity in  development,  nor  the  greater  interval 
that  has  occurred  in  some  cases  between  the 
separate  births. 

Management  of  Pregnancy 

Pregnancy,  besides  producing  local  changes 
in  the  sexual  apparatus,  is  the  cause  of  a  wide- 
spread alteration  throughout  the  whole  of  the 
body.  The  organs  of  a  pregnant  woman  have 
to  adapt  themselves  to  a  changed  order  of  things 
{see  "Physiology  of  Pregnancy").  Possibly  the 
most  important  change  is  the  conspicuous  alter- 
ation in  the  quality  of  the  blood  and  the  increase 
in  its  quantity,  this  throwing  an  increased  strain 
on  all  the  excretory  functions — lungs,  kidneys, 
bowels,  skin.  If  any  of  these  organs  are  not 
equal  to  the  increased  pressure  put  upon  them, 
symptoms,  moderate  or  severe,  of  toxEemia 
supervene  (p.  227). 

The  main  indication  for  management  thus 
lies  along  the  lines  of  maintaining  as  good  a 
hygienic  state  as  possible,  and  when  any  organ 
is  known  not  to  be  quite  sound,  to  assist  it  as 
far  as  possible  to  stand  the  extra  strain. 

When  a  pregnant  woman  is  healthy  and  leads 
at  ordinary  times  a  sensible  hygienic  life,  nothing 
is  better  than  that  she  should  adhere  to  the 
same  mode  of  life  as  suited  her  well  before. 

Regular  exercise  in  the  open  air  is  most  im- 
portant, and  should  be  insisted  upon.  It  is 
undoubtedly  injurious  to  lie  in  bed  most  of 
the  forenoon,  and  rest  on  a  sofa  in  the  afternoon. 


Such  practices  are  only  justifiable  in  a  healthy 
woman,  at  the  date  at  which  a  menstruate 
period  is  due,  if  there  is  a  history  of  previous 
abortions.  This  "  over  taking  care  "  brings  on 
indigestion  and  sleeplessness,  and  also  loss  of 
tone  in  the  muscles,  which  makes  the  labour 
more  prolonged,  and  brings  about  a  loss  of 
recuperative  power  during  the  puerperium. 
We  have  a  good  object-lesson  in  the  wives  of 
working-men,  who  continue  to  work  until  labour 
commences,  without  detriment  to  themselves. 

Violent  exercise  of  any  sort  tends  to  produce 
miscarriage.  Driving  over  rough  roads,  pro- 
longed railway  journeys,  dancing,  and  bicycling, 
except  in  the  early  months,  should  be  forbidden. 
The  lifting  and  carrying  of  heavy  weights  must 
be  avoided ;  while  the  continuous  use  of  a 
sewing-machine  or  systematic  massage  are  also 
not  advisable. 

The  increased  elimination  of  carbonic  acid 
gas  makes  it  imperative  that  the  patient  should 
have  plenty  of  fresh  air  ;  thus  crowded  churches 
theatres,  concerts,  balls,  and  crowded,  stuffy 
rooms  should  be  avoided.  Going  to  bed  early 
and  sleeping  in  a  large,  well-ventilated  room 
are  important.  Mental  excitement  should  be 
avoided.  Irritability  of  temper  i-equires  great 
forbearance  on  the  part  of  the  patient's  friends. 

Clothing. — The  enlargement  of  the  breasts 
and  abdomen  and  the  increase  of  the  cutaneous 
vascular  system  make  it  necessary  to  have  a 
change  in  the  clothing.  Light  warm  garments 
to  prevent  chilling  of  the  body,  and  roomy 
clothes  that  do  not  interfere  with  the  respira- 
tion and  circulation,  are  required.  The  dress 
should  be  loose  and  easy,  with  no  tight  waist- 
band. After  the  three  and  a  half  months  the 
ordinary  corset  should  be  discarded  and  special 
corsets  used,  which  support  the  enlarging 
breasts  without  pressure  on  the  nipple,  and 
which  also  have  a  band  at  the  lower  edge  which 
can  be  let  out  on  either  side  with  laces  as  the 
abdomen  increases  in  size.  In  multiparse  with 
flaccid  abdominal  walls,  a  belt  will  be  found  of 
great  comfort ;  it  can  be  made  of  flannel  or 
lint,  and  made  to  fit. 

Tight  garters  are  injurious,  stocking  sus- 
penders being  used  instead ;  the  sooner  these 
are  used  the  Isetter  chance  of  avoiding  trouble- 
some varicose  veins.  After  the  fifth  month, 
when  the  increasing  abdomen  lifts  the  petticoats 
off"  the  lower  part  of  the  abdomen  and  thighs, 
loose  flannel  drawers  should  be  worn  to  prevent 
chills. 

Diet. — As  far  as  our  knowledge  at  present 
takes  us,  the  diet  of  a  pregnant  woman  should 
be  a  good  general  mixed  diet  of  plain,  well- 
cooked,  simple  food,  taken  at  regular  intervals. 
The  quantity  of  nourishment  need  not  exceed 
what  is  usually  required  by  a  healthy  woman, 
but  it  is  well  to  take  food  in  smaller  quantities 
and  more  frequently  during  the  later  months, 
when  the  enlarged  uterus  presses  against  the 
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stomach.  "  Longings,"  so  far  as  they  are  kept 
within  reasonable  desires,  can,  of  course,  be 
gratified ;  but  no  evidence  is  obtainable  that 
the  refusal  to  satisfy  unreasonable  caprices  has 
any  influence  mentally  or  physically  on  the 
child.  Strong  alcoholic  and  malted  drinks  are 
unadvisable,  but  there  is  no  reason  to  prohibit 
a  little  light  wme  at  dinner  and  lunch,  if  such 
has  been  the  habit  of  the  patient  previously. 

That  the  diet  must  directly  influence  the 
growth  and  development  of  the  foetus  in  utero 
is  reasonably  clear.  Recent  scientific  experiments 
seem  to  show  that  possibly  at  no  very  distant 
date  we  may  learn  in  what  manner  the  growth 
and  development  of  the  bones  of  the  foetus  and 
the  tissues  of  the  mother  may  be  favourably 
modified  by  a  special  dietary,  so  that  labour 
may  be  shortened  and  made  more  easy  for  the 
mother,  and  less  dangerous  to  the  child.  Indeed 
there  are  indications  that  diet  may  so  influence 
the  maternal  and  foetal  tissues,  so  as  to  lead  to 
the  birth  of  a  viable  child  in  cases  where  the 
previous  obstetric  history  indicated  the  improb- 
ability of  this  ever  taking  place. 

Two  suggestive  cases  have  come  imder  the 
writer's  notice.  The  first  was  a  multipara  who 
had  had  several  confinements,  some  of  them 
premature,  but  never  a  living  child,  owing  to 
the  size  of  the  pelvis.  When  I  saw  her  she 
was  on  a  vegetarian  diet.  Tlie  labour  came  on 
prematurely  at  the  eighth  month,  and  she  was 
easily  delivered  of  a  healthy  infant  which  lived. 
The  second  case  was  a  primigravida,  set.  about 
twenty-six,  a  very  small  woman,  who  was  a 
rigid  vegetarian  (from  conviction) ;  she  was  in 
the  second  stage  of  labour  before  feeling  any- 
thing, and  the  infant  was  born  very  rapidly, 
certainly  an  exceedingly  easy  labour  for  a 
primipara  of  her  age.  It  is,  of  course,  possible, 
but  I  think  unlikely,  that  these  were  merely 
coincidences. 

It  is  probable  that  the  diet  which  will  ulti- 
mately be  found  to  exert  a  beneficial  influence 
in  this  direction  will  be  one  in  which  the 
carbohydrates  and  fats  enter  most  largely.  If 
space  allowed,  many  facts  could  be  cited  from 
comparative  obstetrics,  and  also  from  the  ob- 
stetric histories  of  diff"erent  races,  in  favour  of 
this  view.  With  our  present  knowledge  it  is 
sufficient  to  suggest  that  this  line  of  investiga- 
tion should  be  studied  carefully  from  the  clinical 
side  no  less  than  from  the  standpoint  of  ex- 
perimental laboratory  observation. 

The  Regular  Evacuation  of  the  Bowels 
is  very  important;  during  pregnancy  there  is 
always  a  tendency  to  more  or  less  constipation. 
This  difficulty  is  best  got  over  by  giving  a 
liberal  supply  of  fruit.  If  medicine  is  neces- 
sary, some  of  the  mild  vegetable  purgatives  are 
to  be  recommended,  cascara  sagrada,  liquorice 
powder,  or  tamar  indica  lozenges.  The  con- 
stant iise  of  mineral  waters  tends  to  aggravate 
haemorrhoids,  which  are  often  very  troublesome, 


and  strong  cathartics  are  not  safe  as  they  may 
be  the  cause  of  a  miscarriage.  Castor-oil  is  a 
safe  but  to  most  people  a  very  disagreeable 
remedy.  Attention  to  this  point  is  probably 
the  most  important  factor  in  the  prevention  of 
many  of  the  minor  and  even  major  manifesta- 
tions of  toxfemia  in  pregnancy. 

During  the  early  months  comjalaints  of  in- 
ability to  pass  water,  or  constant  desire  to  mic- 
turate, should  put  the  practitioner  on  his  guard 
for  cases  of  retroversion.  The  urine  should  be 
examined  from  time  to  time,  especially  in  the 
later  months,  and  more  particularly  in  primi- 
parte.  If  albumen  be  detected,  special  pre- 
cautions must  be  adopted  (see  "  Pregnancy, 
Pathology  of"). 

The  skiyi  requires  special  care.  It  should  be 
kept  in  good  condition  by  frequent  bathing. 
When  acting  properly  it  is  able  to  relieve  the 
kidneys  of  a  portion  of  the  extra  strain  thrown 
on  them.  Women  who  are  in  the  habit  of 
taking  a  daily  cold  bath  should  continue  to  do 
so,  and  should  take  in  addition  a  warm  bath 
once  a  week  (90°-96°  F.) ;  those  who  are  not 
accustomed  to  the  daily  bath  should  have  a 
tepid  bath  twice  a  week  (77°-90°  F.).  During 
the  last  six  weeks  the  warm  baths  may  be  taken 
three  or  four  times  a  week ;  this  is  specially 
good  for  primigravidse. 

The  increased  vaginal  secretion  renders  it 
important  for  the  external  genitals  to  be  fre- 
quently cleansed.  These  can  be  washed  morn- 
ing and  night  with  tepid  water  and  a  good 
lather  of  soap,  a  little  spirit  and  water  rubbed 
in  afterwards ;  an  advantage,  as  it  prevents 
any  heavy  odour.  If  the  vaginal  discharge 
becomes  irritating,  either  causing  pruritus  or 
excoriations,  the  vaginal  douche  may  be  used. 
The  quantity  injected  should  not  exceed  a  pint 
of  water,  should  be  injected  very  slowly,  and 
only  lukewarm  water  used.  Chafing  under  the 
breasts  and  groin  can  be  got  rid  of  with  wash- 
ing twice  daily  with  vinegar  and  water,  drying 
carefully,  and  dusting  on  boracic  acid. 

The  breasts  should  be  kept  warm  and  sup- 
ported without  any  undue  pressure  upon  them. 
The  nipples  and  areola  during  the  last  two 
months  should  be  hardened  by  regular  washing 
with  water  and  alcohol.  The  methods  of  bring- 
ing forward  depressed  nipples,  such  as  pressing 
back  the  areola  with  elastic  rings  or  a  nipple 
shield,  or  pulling  forward  the  nipple,  usually 
give  a  good  deal  of  pain,  and  it  is  doubtful  if 
they  do  any  good. 

Sexvial  excess  in  young  women  is  often  the 
cause  of  early  abortions,  and  abstinence  is 
advisable. 
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The  nomenclature  of  the  subject  is  so  varied 
that  a  short  restatement  of  the  structure  of  the 
ovum  and  decidua  during  early  pregnancy  is 
needed  in  order  to  avoid  repeated  definitions  in 
the  course  of  the  following  discussion. 

The  lining  membrane  of  the  uterine  cavity 
consists  of  a  delicate  stroma  containing  round 
connective  tissue  cells.  This  tissue  is  placed 
directly  upon  the  uterine  muscle,  is  richly  sup- 
plied with  small  blood-vessels,  and  is  perforated 
by  numerous  pits  or  crypts.  Its  free  surface  is 
covered  by  a  single  layer  of  columnar  epithelial 
cells,  which  dips  down  into  and  lines  completely 
the  crypts,  follicles,  or  glands  of  the  uterine 
mucosa.  It  is  this  membrane  which,  during 
pregnancy,  undergoes  certain  definite  changes 
and  forms  the  decidua.  While  the  mucosa  is 
about  thick  just  after  menstruation,  it 

grows  until  it  is  about  ^  in.  thick  before  each 
menstrual  flow  begins.  When  pregnancy  be- 
gins and  arrests  menstruation,  the  lining  of  the 
uterus  continues  to  grow  until  it  reaches  its 
maximum  thickness  of  about  ^  in.  during  the 
third  month  of  gestation.  The  so-called  glands 
dilate,  and  the  blood-vessels  also  enlarge  and 
multiply.  The  round  connective  tissue  cells 
proliferate  rapidly,  and  many  of  them  increase 
greatly  in  size  and  assume  irregular  shapes, 
thus  becoming  the  "decidual  cells"  charac- 
teristic of  the  mucosa  of  pregnancy.  These 
decidual  cells  are  most  numerous  near  the  free 
surface  of  the  membrane,  which  soon  loses  its 
covering  of  epithelial  cells.     The  epithelium 


lining  the  glands  also  degenerates,  and  for  the 
most  part  disappears,  except  from  their  deepest 
portions,  where  it  remains  alive  in  sufficient 
quantity  to  secure  the  regeneration  of  the  epi- 
thelium of  the  whole  uterine  cavity  after  the 
end  of  pregnancy.  Three  layers  can  be  recog- 
nised in  the  uterine  mucosa  as  modified  by 
pregnancy:  (1)  A  superficial  compact  layer, 
with  many  decidual  cells  lying  between  the 
glands,  which  are  not  much  dilated,  but  whose 
epithelium  is  flattened,  degenerated,  and  largely 
lost ;  (2)  A  spongy  or  reticulated  layer,  whose 
glands  are  very  widely  dilated,  and  their  epi- 
thelium much  degenerated,  some  decidual  cells, 
and  many  spindle  cells  and  fibrils  of  connective 
tissue  occupy  the  spaces  lying  between  the 
dilated  glands ;  (3)  A  deep  layer  of  delicate 
connective  tissue  containing  the  undilated  blind 
ends  of  the  glands,  whose  epithelium  is  un- 
changed. On  examining  a  pregnant  uterus  at 
any  time  before  the  end  of  the  third  month  we 
find  that  a  uterine  cavity  still  exists,  and  is 
lined  completely  by  decidual  mucosa.  The 
ovum  lies  embedded  in  the  compact  layer  of  the 
decidua  on  one  wall  of  the  cavity,  its  whole 
surface  being  in  contact  with  the  decidual  con- 
nective tissue,  and  not  with  maternal  epithelium. 
The  decidua  underlying  the  ovum — i.e.  between 
it  and  the  uterine  wall — is  called  the  decidua 
serotina,  and  is  the  site  of  the  developing 
placenta.  That  covering  the  ovum,  and  lying 
between  it  and  the  uterine  cavity,  is  the  decidua 
reflexa.  The  rest  of  the  decidua  lining  the 
uterine  cavity,  and  not  at  first  touching  the 
ovum,  is  the  decidua  vera.  During  the  third 
month  the  ovum,  covered  by  the  decidua  reflexa, 
begins  to  occupy  the  whole  space  within  the 
uterus.  The  reflexa  and  vera  now  come  into 
close  contact,  obliterating  the  uterine  cavity. 
The  two  become  adherent,  and  blend  into  a 
single  layer  of  tissue.  After  the  third  month 
the  decidua  becomes  less  vascular  and  pale  in 
colour ;  it  is  flattened  out  and  thinned  by  the 
pressure  of  the  growing  ovum.  Fatty  and  other 
degenerations  occur  in  the  decidual  cells.  The 
vessels  become  thrombosed  by  the  proliferation 
of  their  endothelium,  and  before  full  time  is 
reached  the  decidua  is  reduced  to  a  thin  and 
unimportant  layer  of  maternal  tissue  covering 
the  ovum,  and  coming  away  with  the  secundines 
at  parturition  by  separation  through  its  super- 
ficial layer,  leaving  the  deep  layer  with  the 
embedded  ends  of  the  uterine  glands  as  the  sole 
covering  of  the  muscular  wall  of  the  uterus. 
The  ovum  and  decidua  can  most  readily  be 
studied  by  examining  "  complete  abortions " 
expelled  about  the  end  of  the  second  month 
of  pregnancy.  Such  specimens  consist  of  the 
ovum  enclosed  in  the  decidua.  On  removing 
the  decidual  covering  (decidua  vera  and  decidua 
reflexa,  with  the  remains  of  the  uterine  cavity 
between  them  being  recognisable  as  a  rule)  the 
ovum  itself  is  seen  to  be  a  sac  covered  all  over 
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with  shaggy  branching  processes,  the  villi  of 
the  chorion.  On  opening  the  sac  its  cavity  is 
seen  to  contain  a  little  liquor  amnii  and  the 
fcBtus,  while  it  is  lined  by  the  thin  smooth 
amnion,  which  can  easily  be  stripped  from  the 
thicker  outer  membrane,  the  chorion,  which 


Decidua 


Dilated 
gland 


Fig.  1.— Section  through  wall  of  early  ovum  (about  3  weeks)  and  decidua. 

nature.   Zeiss  J  in.  ob.  oc.  3.   Ep.  =  foetal  epithelium. 


bears  the  villi  on  its  outer  surface.  To  under- 
stand the  structure  of  these  foetal  membranes, 
a  portion  of  the  wall  of  the  ovum  with  the 
decidua  attached  should  be  sectioned  for  micro- 
scopic examination.  The  amnion  is  then  seen 
to  consist  of  two  layers,  the  inner  one  being  a 
single  layer  of  epithelial  cells  (foetal  epiblast), 
while  its  outer  stratum  is  of  delicate  connective 
tissue  (foetal  mesoblast).  The  chorion  is  also 
composed  of  two  layers,  the  inner  of  connective 
tissue,  the  outer  of  epithelium.  The  connective 
tissue  layers  of  amnion  and  chorion  are  in 
contact  with,  and  indeed  continuous  with,  one 
another.    (See  Figs.  1  and  2.) 

The  foetal  epiblast,  or  chorionic  epithelium, 
forming  the  outer  stratum  of  the  chorion,  is  a 
layer  two  cells  thick.  Each  chorionic  villus  is 
an  outgrowth  of  the  chorion,  being  composed 
of  a  core  of  embryonic  or  mucous  connective 
tissue  covered  by  a  layer  of  foetal  epithelium 
which  is,  like  that  of  the  chorionic  membrane, 
two  cells  thick.  The  mesoblastic  core  of  the 
villus  is  continuous  with  the  connective  tissue 
layer  of  the  chorion,  and  -contains  capillary 
loops  filled  with  foetal  blood  corpuscles.  The 
appearance  of  the  surface  of  the  decidua  shows 
that  the  foetal  epithelium  has  the  power  of 
eating  into  and  so  destroying  the  maternal 
tissues.  By  this  phagocytic  action  of  their 
epithelium  the  tips  of  the  villi  penetrate  and 
become  attached  to  the  compact  layer  of  the 
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decidua.  By  this  means  also  the  decidual 
blood-vessels  are  opened  into  and  thrown  into 
communication  with  the  space  between  the 
chorion  and  the  decidua  which  is  crossed  by  the 
villi,  so  that  the  maternal  blood  circulates  freely 
in  the  intervillous  space.  In  many  specimens 
it  is  possible  to  distinguish 
two  cell  layers  in  the  foetal 
epithelium  covering  the 
chorion  and  its  villi.  The 
outer  layer  shows  no  cell 
outlines,  and  it  consists  of 
a  stratum  of  protoplasmic 
material  containing  numer- 
ous nuclei  and  vacuoles. 
This  outer  layer  of  the  cho- 
rionic epithelium  is  known 
as  the  "  syncytium."  The 
inner  layer,  which  is  in 
contact  with  the  connective 
tissue  of  the  villi  and  chori- 
onic membrane,  consists  of 
distinct  cells  of  large  size, 
and  is  known  as  the  "  layer 
of  Langhans." 

In  order  to  understand 
the  affections  of  the  amnion, 
it  is  needful  to  remember 
that  although  the  amniotic 
epithelium  appears  in  trans- 
verse sections  as  a  layer  of 
apparently  cubical  cells,  the 
appearance  of  the  amnion  when  "  silvered " 
and  viewed  in  surface  is  closely  suggestive  of  a 
serous  membrane.  The  epithelial  cells  are  flat 
and  irregvilar  in  outline,  while  numerous  stomata 


Maternal  blood 


Villus 


Drawn  from 


FcEtal  epithelium 


Embedded  villus 


Decidual  cells 


Fia.  2. — Decidua  and  villi  at  the  third  month.  Drawn 
from  nature.   Zeiss  J  in.  ob.  oc.  2. 

or  openings  between  the  cells  are  visible  on 
careful  examination. 

Affections  of  the  Decidua 
Hypertrophy  of  the  Decidua. — The  changes 
that  occur  in  the  endometrium  during  early 
pregnancy  are  mainly  hypertrophic  in  nature, 
and,  like  other  physiological  hypertrophic 
changes,  they   are   liable   to   exceed  normal 
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bounds  and  become  pathological.  Diffuse  hyper- 
trophy of  the  decidua  consists  in  a  general  over- 
growth of  the  maternal  covering  of  the  ovum. 
If  slight,  this  condition  simply  leads  to  the 
production  of  a  decidua  which  is  thicker  than 
usual  at  the  end  of  pregnancy.  If  excessive,  it 
may  result  in  abortion  at  any  period  of  gesta- 
tion, but  usually  does  so  at  the  second,  third, 
or  fourth  months.  Microscopic  examination  re- 
veals the  presence  of  an  excessive  number  of 
decidual  cells,  the  connective  tissue  is  imduly 
soft  and  yielding,  and  the  vascular  spaces  are 
unduly  large.  Hfemorrhage  occurs  into  the 
decidua  or  into  the  ovum  itself  on  causes 
slighter  than  those  necessary  to  produce  it 
under  normal  conditions.  Congestion  due  to 
backward  pressure  from  cardiac  lesions,  coitus, 
the  action  of  purgatives,  and  other  slight  acci- 
dents are  liable  to  thus  bring  about  the  death 
of  the  ovum,  more  especially  at  times  corre- 
sponding to  the  menstrual  periods. 

Polypoid  Hypertrophy  of  the  Decidua. — 
Virchow  has  described  this  condition  under 
the  name  of  endometritis  decidual  polyposa  vel 
tuherosa.  The  whole  decidua  is  thickened,  but 
very  unevenly,  its  surface  being  raised  into 
polypoid  excrescences,  between  which  the  open- 
ings of  the  uterine  glands  may  be  observed. 
The  tissue  is  very  vascular,  and  is  rich  in 
decidual  cells.  The  condition  is  sometimes 
found,  as  in  Virchow's  case,  in  connection  with 
syphilis,  and  generally  with  a  persistent  endo- 
metritis. Midler  states  that  the  choi-ionic  villi 
frequently  show  myxomatous  change.  This 
condition  affects  early  ova  and  ends  in  abortion, 
which  occurs  from  the  second  to  the  fourth 
month. 

Atrophy  of  the  Decidua.  —  Spiegelberg, 
Priestley,  and  others  have  described  atrophy 
of  the  decidua,  causing  the  ovum  to  be  attached 
by  a  pedicle  instead  of  being  embedded  in  a 
continuous  layer  of  maternal  mucosa.  This 
condition,  by  lessening  the  support  usually 
provided  for  the  delicate  membranes  of  the 
ovum,  has  resulted  in  rupture  of  its  sac  through 
the  thinned  decidua  reflexa. 

Inflammation  of  the  Decidua. — Inflammatory 
changes  in  the  decidua  follow,  as  a  rule,  per- 
sistent endometritis.  If  acute,  they  tend  to 
produce  early  abortion ;  and  if  chronic,  they 
tend  to  cause  fibrosis,  undue  firmness  and 
toughness  of  the  tissues  which  attach  the  ovum 
to  the  uterine  wall.  The  result  of  this  is 
difficulty  in  separation  of  the  ovum  from  its 
bed.  If  expulsion  of  the  ovum  is  premature, 
incomplete  abortion  occurs  ;  if  it  is  deferred  till 
term,  adherence  of  the  placenta  or  membranes, 
or  both,  complicates  the  third  stage  of  labour. 
Purulent  inflammation  of  the  decidua,  due  to 
microbic  infection,  has  been  described  by  Donat. 
A  placenta  expelled  at  term  brought  with  it 
decidual  masses  infiltrated  with  pus,  and 
purulent  fluid  was  collected  between  the  am- 


nion and  chorion,  which  were  thickened  and 
opaque. 

The  symptom  known  as  hydrorrhoea  gravid- 
arum is  due  in  some  cases  to  a  catarrhal 
inflammation  of  the  glandular  elements  of  the 
decidua  following  a  chronic  catarrhal  endo- 
metritis affecting  the  epithelial  linings  of  the 
uterine  glands.  Fluid  containing  mucus  is 
secreted  in  excess,  and  accumulates  between 
the  decidua  and  the  chorion.  It  may  escape 
either  in  gushes  or  by  a  slow  dribbling  during 
the  later  months  of  pregnancy.  This  condition 
must  not  be  confused  with  gradual  escape  of 
the  liquor  amnii,  nor  with  cases  in  which  this 
fluid  collects  between  the  amnion  and  the 
chorion,  escaping  suddenly  on  rupture  of  the 
latter  membrane. 

Leopold  has  demonstrated  the  occurrence  of 
small  cysts  in  the  decidua  of  young  ova,  caused 
by  the  retention  within  the  uterine  glands  of 
the  secretion  during  early  pregnancy.  During 
the  course  of  various  infectious  fevers,  which 
frequently  cause  abortion,  the  decidua  under- 
goes acute  inflammatory  and  hsemorrhagic 
changes,  which  are  held  to  be  the  means  Toy 
which  abortion  is  produced.  Klotz  has  described 
these  changes  as  they  occur  in  measles,  and 
Slavjanski  records  a  condition  of  hsemorrhagic 
decidual  endometritis  in  cholera.  The  decidua 
was  thickened,  dark  purple  in  colour,  and  full 
of  extra vasated  blood. 

Syphilis  has  been  found  to  exist  in  connection 
with  almost  every  form  of  decidual  disease ; 
but  there  is  nothing  accurately  known  as  to 
its  effects  on  the  decidua  beyond  the  fact  that 
it  frequently  causes  abortion. 

The  above-mentioned  affections  of  the  decidua 
are  seldom  if  ever  diagnosed,  and  they  admit 
of  no  treatment.  While  of  pathological  interest 
they  have  no  clinical  importance  except  in  so 
far  as  they  affect  the  nature  and  management 
of  the  abortions  they  cause.  They  are  in- 
directly causal  of  many  sequelae  of  abortion 
and  parturition. 

Haemorrhage. — ^Hsemorrhage  into  the  decidua, 
however,  sometimes  causes  the  death  of  the 
ovum,  followed  by  its  pi'olonged  retention  in 
utero  and  its  final  expulsion  in  the  foi'm  of  a 
fleshy  or  bloody  mole  (see  also  "  Mole,  Molar 
Pregnancy,"  vol.  vi.  p.  438). 

Fleshy  or  Carneous  Mole. — When  the  ovum 
dies  without  the  occurrence  of  haemorrhage, 
and  is  then  retained  for  a  time  in  utero,  it 
shrinks  and  luidergoes  fatty  degeneration,  being 
ultimately  expelled  as  a  shrivelled  mass  known 
as  a  "  blighted  ovum."  When,  however,  bleeding 
occurs  into  the  decidua,  the  intervillous  space 
is  distended,  the  decidua  is  more  or  less  broken 
up.  The  subchorionic  hsematoma  thickens  the 
wall  of  the  ovum  and  causes  the  chorio-amniotic 
membrane  to  be  thrown  into  convolutions,  which 
project  as  bosses  and  tuberosities  into  the 
anniiotic  cavity.    Some  specimens  have  been 
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described  in  which  the  amnion  was  separated 
from  the  chorion  by  blood-clot,  the  hsematoma 
being  subamniotic  as  well  as  subchorionic.  The 
maternal  blood  occasionally  breaks  into  and 
clots  within  the  amniotic  cavity  itself. 

The  structure  of  the  mole  depends  upon  the 
age  of  the  ovum  at  the  time  of  its  death,  and 
upon  the  quantity  and  position  of  the  blood-clot 
which  is  formed  in  and  around  it.  Thus  if  the 
ovum  dies  before  the  formation  of  the  placenta, 
and  when  the  whole  chorion  is  covered  with 
villi,  the  whole  wall  of  the  ovum  is  thickened 
by  the  formation  of  blood-clot  between  the  villi. 
If  the  placenta  is  already  formed  it  becomes 
curled  round  on  itself,  so  that  its  uterine  surface 
forms  the  external  surface  of  the  mole,  the 
membranes  being  crumpled  up  within  its  con- 
cavity. Again,  if  the  htemorrhage  is  sufficient 
to  separate  the  decidua  completely  from  the 
uterine  wall,  the  structure  of  the  mole  differs 
from  that  found  in  cases  where  the  decidua 
remains  in  contact  with  the  muscular  wall  of 
the  uterus. 

Morgani  is  the  earliest  writer  who  shows  a 
clear  understanding  of  the  morbid  anatomy  of 
retained  apoplectic  ova.  Writing  before  the 
year  1859,  Scanzoni  states  that  the  thickness 
of  the  chorion  in  these  cases  is  due  to  the 
effused  blood,  more  or  less  organised,  which  is 
found  between  the  villi.  This,  he  continues, 
becomes  transformed  into  connective  tissue, 
which  becomes  vascular  and  adheres  to  the 
uterine  wall.  Breus  has  made  microscopic 
examinations  in  five  cases.  Berry  Hart  and 
the  author  have  also  described  the  histological 
changes  observed.  After  the  death  of  the  ovum 
and  the  stoppage  of  the  chorionic  circulation 
the  small  foetal  vessels  in  the  villi  disappear, 
the  larger  ones  being  more  slowly  obliterated, 
and  leaving  for  some  time  a  few  blood  crystals 
and  amorphous  granules  to  mark  their  late 
position.  The  foetal  connective  tissue  between 
the  epithelial  layers  of  the  amnion  and  the 
chorion,  as  also  that  forming  the  cores  of  the 
villi,  is  compressed,  but  is  not  otherwise  altered 
for  a  long  time.  The  foetal  epithelium  lining 
the  amniotic  cavity  also  remains  recognisable, 
but  the  outlines  of  its  cells  are  lost,  and  the 
nuclei  become  clouded.  The  foetal  epithelium 
of  the  chorion  and  the  chorionic  villi  undergoes 
similar  changes.  When  this  epithelial  covering 
of  the  villi  degenerates  after  the  stoppage  of 
the  foetal  circulation,  the  maternal  blood  in 
the  intervillous  spaces  does  not  long  continue 
to  move,  but  soon  forms  a  firm  blood-clot 
embedding  the  villi.  This  intervillous  blood- 
clot  consists  so  largely  of  fibrin  that  it  seems 
probable  that  the  degenerated  epithelium  of 
the  villi  acts  as  a  foreign  body,  layer  after 
layer  of  fibrin  being  deposited  upon  the  villi 
from  the  maternal  blood  until  the  whole 
intervillous  space  is  thrombosed.  Eden  has 
shown  that  this  occurs  in  parts  of  the  living 


placenta  which  lose  their  foetal  blood-supply 
towards  the  end  of  normal  pregnancy. 

As  the  liquor  amnii  is  absorbed  the  sub- 
chorionic hsematoma  bulges  inward  into  the 
cavity  of  the  ovum,  throwing  the  amnion  and 
chorion  into  the  characteristic  bosses  or  eleva- 
tions which  are  seen  on  cutting  into  the  ovum, 
and  laying  open  its  amniotic  surface.  If  re- 
current hfemorrhages  into  the  decidua  separate 
the  ovum  completely  from  the  uterine  wall,  the 
outer  surface  of  the  mass  comes  to  be  formed  by 
concentric  layers  of  blood-clot,  and  the  tissues 
of  the  ovum  may  remain  much  as  described 
above  until  the  whole  mass  is  expelled,  it  may 
be  months  after  the  death  of  the  ovum. 

In  other  cases  the  decidual  haemorrhage, 
while  sufficient  to  kill  the  ovum  and  form  the 
subchorionic  hsematoma,  does  not  separate  the 
ovum  from  the  decidua  by  a  thick  layer  of 
blood-clot,  but  leaves  the  mass  of  villi  embedded 
in  fibrin  still  in  contact  with  the  uterine  wall. 
In  such  cases  furtlier  changes  are  caused  by 
the  continued  life  and  growth  of  the  decidua. 
The  decidual  cells  continue  to  multiply,  and, 
exercising  a  phagocytic  action,  they  attack  the 
fibrin,  the  chorionic  epithelium,  and  ultimately 
the  connective  tissue  cores  of  the  villi,  making 
an  attempt  to  convert  the  mass  into  tissue  of 
the  nature  of  decidua.  This  action  of  the 
decidual  cells  in  organising  masses  of  retained 
placenta  has  been  described  by  Hartmann  and 
Toupet,  and  they  have  applied  the  name  Decidii- 
oma  benignum  to  a  placental  polypus  thus  con- 
verted into  connective  tissue.  It  is  worthy 
of  note  that  Cazeaux,  Naegele,  Osiander,  and 
others  believe  that  complete  absorption  of 
placental  structures  by  the  uterine  mucosa  has 
occasionally  occurred.  For  the  retention  of 
dead  ova  in  the  uterus  during  long  periods  the 
absence  of  septic  infection  is  a  necessary  con- 
dition. 

Two  factors  are  concerned,  as  a  rule,  in  the 
production  of  these  molar  pregnancies.  On 
the  one  hand  is  decidual  disease,  which  renders 
extravasation  of  blood  more  liable  to  occur ; 
and  on  the  other  hand  there  is  usually  some 
general  condition  which  favours  pelvic  conges- 
tion. Such  are  cardiac  lesions,  traumatism, 
prolonged  exertion,  and  the  exanthemata.  For 
the  retention  of  the  ovum  it  is  essential  that 
the  uterine  cavity  remain  free  from  septic 
infection. 

Symptoms  and  Course. — The  usual  symptoms 
and  signs  of  pregnancy  appear  and  progress 
normally  up  to  a  certain  point,  they  then  pass 
away  and  leave  the  patient  with  amenorrhoea 
or  with  irregular  vaginal  discharges,  sometimes 
resembling  menstrual  blood,  but  at  other  times 
consisting  of  mucus  stained  brown  with  blood 
pigments.  The  breasts  cease  to  enlarge,  and 
shrink  to  their  original  size.  Pain,  as  a  rule, 
is  absent,  though  there  may  be  down-bearing, 
backache,  and  general  malaise.     The  uterus 
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becomes  firmer  in  consistency  than  in  normal 
pregnancy,  the  cervix  losing  its  characteristic 
softening.  The  organ  ,  may  remain  the  same 
size,  may  grow  slowly,  or  may  gradually  lessen. 
For  repeated  haemorrhages  may  increase  its  size 
by  adding  layer  after  layer  of  blood-clot  to  that 
already  surrounding  the  retained  ovum ;  or,  in 
the  absence  of  fresh  hjemorrhage,  the  absorption 
of  the  liquor  amnii  may  cause  reduction  in  the 
bulk  of  the  mass.  Expulsion  finally  occurs 
spontaneously  and  accompanied  by  more  or  less 
pain  and  bleeding.  Some  ova  have  been  re- 
tained in  utero  as  long  as  eighteen  months, 
but  expulsion  more  often  occurs  within  a  much 
shorter  time. 

In  the  diagnosis  of  this  condition  everything 
depends  upon  the  recognition  of  pregnancy,  as, 
apart  from  this,  the  practitioner  will  be  con- 
fused by  thinking  in  turn  of  all  the  recognised 
causes  of  uterine  enlargement.  Given,  however, 
a  clear  history  of  commencing  pregnancy, 
followed  either  by  a  threatened  abortion  or  by 
gradual  disappearance  of  the  signs  and  symp- 
toms of  pregnancy,  there  is  still  room  for 
dubiety  in  many  cases.  It  may  be  difficult,  if 
the  uterus  continues  to  enlarge,  to  be  sure  that 
the  foetus  is  really  dead,  and  Simpson  points 
out  the  danger  of  interference  in  such  cases, 
lest,  while  one  of  twins  has  perished,  the  other 
should  be  still  alive.  Vesicular  degeneration  of 
the  chorion  may  also  be  suspected  under  these 
circumstances.  If  the  uterus  is  decreasing  in 
size  it  may  be  difficult  to  prove  that  any  product 
of  conception  is  still  within  it.  Indeed,  it  is 
often  impossible  to  ascertain  the  true  condition 
of  affairs  until  careful  observation  has  been 
continued  over  a  period  of  several  weeks  or 
even  months. 

The  prognosis  is  good,  as  there  is  little  dis- 
turbance of  health  as  a  rule,  and  the  bleeding 
which  occurs  on  expulsion  is  seldom  severe. 
There  is  always  the  risk  of  sepsis,  and  there 
is  always  a  marked  tendency  to  subinvolution, 
the  uterus  remaining  large  and  flabby  much 
longer  than  after  an  ordinary  abortion.  In  a 
few  cases  the  condition  known  as  deciduoma 
malignum  has  followed  the  expulsion  of  re- 
tained ova. 

Owing  to  the  difficulty  in  diagnosis,  the 
management  of  the  cases  recorded  has  almost 
always  been  expectant.  If,  however,  the  condi- 
tion is  clearly  recognised,  the  cervix  should  be 
partly  dilated,  and  uterine  contraction  should 
then  be  secured  by  packing  the  vagina,  or 
distending  it  with  a  rubber  bag.  The  mole 
having  been  expelled  naturally,  or  the  uterus 
having  been  cleared  out  by  hand,  special  pre- 
cautions against  subinvolution  should  be  taken. 
Rest  in  bed,  hot  douching,  and  the  exhibition 
of  strychnine,  iron,  quinine,  and  hydrastis  are 
of  value  in  the  after  treatment. 

The  blood  mole,  or  mola  hajmatomatosa,  is 
simply  a  variety  in  which  blood-clot  forms  the 


bulk  of  the  mass.  The  fibrinous  mole  of  Berry 
Hart  appears  to  be  due  to  disease  of  the  chorion, 
and  is  accordingly  referred  to  under  that  heading. 

Sjmrious  Abortion. — This  term  has  been  ap- 
plied by  Eden  to  a  condition  of  which  he  has 
described  three  examples.  It  is  supposed  that 
an  ovum  is  fertilised,  and  develops  far  enough 
to  set  up  the  changes  in  the  endometrium 
which  usually  accompany  gestation.  The 
ovum  perishes  at  such  an  early  date  that  it 
leaves  no  trace  of  its  existence,  but  the  decidual 
membrane  goes  on  growing  for  two  or  three 
months,  accompanied  by  amenorrhoea,  enlarge- 
ment of  the  uterus,  enlargement  of  the  breasts, 
and  morning  sickness.  Brownish  discharge  or 
bleeding  is  then  followed  by  the  expulsion  of 
a  decidual  cast  of  the  viterus,  similar  to  those 
expelled  in  cases  of  ectopic  gestation,  and  con- 
taining no  foetal  elements  whatever.^ 

The  cast  is  triangular  in  shape,  and  consists 
of  a  sac  formed  entirely  of  uterine  mucosa, 
which  has  undergone  the  changes  mentioned  in 
describing  the  development  of  the  decidua. 
Without  careful  investigation  these  casts  would 
be  mistaken  for  early  abortions,  and  they  are 
probably  more  common  than  is  supposed. 
Whenever  such  a  cast  is  expelled  it  is  necessary 
to  make  sure  that  ectopic  pregnancy  does  not 
exist,  in  order  that  the  patient  may  be  promptly 
treated  for  that  condition  if  necessary. 

This  condition  cannot  be  diagnosed  clinically, 
and  demands  no  treatment  until  expulsion  of 
the  cast  occurs,  when  recovery  is  rapid  and 
complete. 

Malignant  Disease  of  the  Decidua. — No  ac- 
count of  the  affections  of  the  decidua  would  be 
complete,  in  the  present  state  of  our  knowledge, 
without  reference  to  the  form  of  malignant 
disease  which  is  known  (amongst  other  names) 
as  deciduoma  malignum.  For  although  Veit 
and  several  British  authorities  hold  that  this 
condition  is  sarcoma  of  the  uterus,  existing 
before,  but  modified  by  the  occurrence  of  preg- 
nancy, a  number  of  observers  believe  that  the 
new  growth  begins  in  the  decidua  itself,  is 
essentially  a  disease  of  pregnancy,  and  cannot 
be  pre-existent  to  its  occurrence. 

This  view  was  taken  by  Sanger,  who  first 
described  a  case  in  1888.  He  considered  it  to 
be  a  sarcoma  derived  from  the  decidual  cells 
during  pregnancy,  and  later  suggested  the 
name  sarcoma-deciduo-cellulare  as  more  de- 
scriptive than  deciduoma  malignum. 

The  great  majority  of  observers  on  the  con- 
tinent of  Europe  and  in  America,  together  with 
some  British  authors,  hold  that  the  growths  in 
question  are  not  sarcomata  of  maternal  origin, 
but  are  foetal  carcinomata  derived  from  the 

1  The  author  has,  since  the  above  was  in  print,  de- 
scribed a  case  in  which  a  uterine  cast  of  this  kind  was 
expelled  after  eight  weeks'  amenorrhoea,  together  witli  a 
small  body,  the  size  of  a  split  pea,  which  proved  to  be  a 
complete  ovum  of  about  live  days'  growth.  —  Trans. 
Obstet.  Soc.  London,  1901. 
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chorionic  epithelium.  Having  regard  to  the 
opinion  of  the  majority  of  observers  at  the 
present  time,  the  condition  is  described  under 
the  heading  "  Affections  of  the  Chorioii "  {infra). 
See  also  "  Puerperium — Pathology." 

Affections  of  the  Chorion 
Vesicular  or  Hydatidiform  Degeneration  {Hy- 
datid Mole). — In  this  condition  there  is  a  rapid 
increase  of  the  connective  tissue  cells  in  the 
stroma  or  core  of  each  chorionic  villus  affected. 
This  occurs  not  continuously,  but  at  intervals, 
so  that  a  series  of  swellings  is  formed  along  the 
stem  and  branches  of  the  villus.  The  con- 
nective tissue  forming  these  swellings  then 
undei'goes  myxomatous  degeneration,  the  central 
cells  are  separated  by  clear  fluid,  and  later  dis- 
appear, each  swelling  thus  becoming  a  small 
cyst  whose  wall  consists  of  a  thin  layer  of  con- 
nective tissue  covered  by  the  chorionic  epi- 
thelium. Concurrently  with  the  cyst-forming 
degeneration  of  the  mesoblastic  cores  of  the 
villi,  there  is  also  great  activity  on  the  part  of 
their  epithelial  covering,  large  masses  of  pro- 
liferating syncytium  being  seen  in  all  sections 
of  hydatid  moles.  This  overgrowth  of  foetal 
epithelium,  with  its  phagocytic  action  on  the 
maternal  tissues,  accounts  for  the  lumsual  depth 
to  which  the  diseased  villi  penetrate  the  uterine 
wall,  and  the  unusual  firmness  with  which  the 
degenerated  chorion  is  attached.  The  decidua 
is  usually  thickened,  some  of  the  cysts  being 
completely  embedded  within  it,  while  othei's 
may  invade  and  even  completely  perforate  the 
muscular  wall  of  the  uterus.  The  character- 
istic "hydatid"  appearance  of  the  degenerated 
chorion  when  expelled  follows  fronfl  the  trans- 
formation of  each  villus  into  a  branching  string 
of  cysts,  vaiying  in  size  from  that  of  a  pin's 
head  to  that  of  a  gooseberry. 

The  change  is  generally  so  early  in  date  as  to 
affect  the  whole  chorion,  causing  the  death  and 
complete  absorption  of  the  embryo,  and  the 
transformation  of  the  whole  ovum  into  a  mass 
of  cysts.  In  rarer  cases  the  degeneration  begins 
later  and  does  not  affect  the  whole  chorion.  In 
these  instances  the  remains  of  the  foetus  may 
be  found.  In  a  few  cases  in  which  a  living 
child  has  been  born  at  term,  vesicular  degener- 
ation has  been  observed  in  portions  of  the 
placenta. 

The  frequency  of  hydatid  mole  is  estimated 
by  Norris  and  Dickinson  at  1  in  20,000 
pregnancies.  There  were  10  cases  in  24,500 
pregnancies  observed  at  St.  Bartholomew's 
Hospital.  Other  authors  place  its  occurrence 
at  1  in  2000  cases.  The  condition  may  com- 
plicate pregnancy  at  any  age,  and  cannot  be 
proved  to  be  more  frequent  in  advanced  life. 
It  has  been  said  to  be  rare  in  primiparte,  and 
that  it  tends  to  follow  a  series  of  rapidly  re- 
curring pregnancies,  but  these  statements  are 
not  supported  by  facts.    It  sometimes  occurs 


twice  or  even  three  times  in  the  same  patient. 
For  this  reason,  amongst  others,  the  disease  is 
held  by  some  to  be  of  maternal  origin,  and  this 
view  is  probably  correct,  especially  as  a  living 
child  has  occasionally  been  born  with  part  of  its 
placenta  in  a  state  of  vesicular  degeneration. 
An  abnormal  condition  of  the  decidua  probably 
permits  of  overgrowth  and  subsequent  degener- 
ation of  the  chorion,  which  in  turn  kills  the 
foetus,  unless  the  change  begins  late  and  affects 
only  a  limited  portion  of  the  decidua.  It  is 
worthy  of  note  that  about  half  the  recorded 
cases  of  chorioma  malignum  have  occurred  after 
hydatid  degeneration  of  the  chorion,  a  fact 
which  suggests  that  the  two  conditions  have  a 
common  cause.  According  to  the  author's 
observations,  the  decidual  cells  normally  exercise 
a  phagocytic  action  upon  the  foetal  epithelium, 
checking  undue  invasion  of  the  uterine  wall  by 
the  chorionic  villi.  If  this  view  is  correct,  any 
disease  of  the  decidua  which  prevented  the 
development  of  the  decidual  cells  or  interfered 
with  their  phagocytic  action  would  admit  of 
abnormal  growth  and  activity  on  the  part  of 
the  chorionic  villi,  and  would  thus  afford  a 
primary  factor  in  the  causation  of  both  vesi- 
cular degeneration  of  the  chorion  and  of  the 
so-called  chorioma  malignum,  if  we  suppose  that 
this  new  growth  is  indeed  composed  of  foetal 
elements. 

In  the  early  weeks  of  pregnancy  nothing 
abnormal  is  observed.  Morning  sickness  is  fre- 
quent, the  breasts  enlarge  and  are  tender.  The 
cervix  softens  at  the  usual  time,  and  purple 
discoloration  of  the  vagina  is  observed  in  most 
cases.  Amenorrhoea  is  complete,  as  a  rule,  for 
some  months ;  but  irregular  discharges  of  blood 
may  occur  for  some  time  before  the  hydatid 
mole  is  expelled.  The  foetal  heart  may  be 
heard  in  cases  in  which  the  onset  of  the  de- 
generative process  is  late,  and  uterine  souffle  is 
occasionally  observed  ;  but  both  these  signs  are 
absent  as  a  rule.  Uterine  enlargement  is  ab- 
normal, in  most  cases-  being  much  more  rapid 
than  in  normal  pregnancy,  while  the  organ  has 
a  softer  and  more  "boggy"  consistency  than 
usual.  In  certain  cases,  however,  the  ovum  is 
cut  off  from  the  uterine  wall  by  extravasated 
blood,  but  is  retained  in  the  uterus.  Shrinking 
then  occurs,  and  the  uterus  remains  smaller 
than  it  would  be  at  a  corresponding  period  of 
normal  pregnancy,  just  as  in  the  case  when  a 
fleshy  mole  is  retained.  In  such  cases  the 
uterus  is  firmer  to  the  feel  than  usual.  The 
rhythmical  contractions  which  characterise  the 
gravid  uterus  are  almost  always  absent.  The 
attention  of  the  patient  is  generally  attracted 
by  irregular  heemorrhages  and  the  escape  of 
watery  blood-stained  discharge,  which  sometimes 
contains  vesicles  detached  from  the  chorion,  and 
has  then  been  desci-ibed  as  resembling  red 
currant  juice  with  white  currants  floating  in  it. 
The  mass  is  generally  expelled  before  full  time 
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is  reached,  its  separation  being  rendered  difficult 
by  the  deep  penetration  of  the  degenerated  villi 
into  the  maternal  tissues,  and  their  consequent 
firm  attachment.  The  same  circumstances  often 
cause  the  expulsion  of  the  mole,  to  be  accom- 
panied by  severe  haemorrhage,  and  also  favour 
the  occurrence  of  septic  infection  and  of  subse- 
quent subinvolution. 

The  diagnosis  depends  upon  the  recognition 
of  the  symptoms  and  signs  of  pregnancy  followed 
by  the  disappearance  of  these,  with  the  excep- 
tion of  enlargement  of  the  uterus.  The  growth 
of  the  uterus  must  then  be  observed,  and  if  it 
is  not  proportionate  to  the  advance  of  time  the 
presence  of  vesicular  degeneration  must  be 
suspected.  The  occurrence  of  irregular  bleed- 
ing confirms  the  suspicion,  which  may  be 
rendered  a  certainty  by  the  appearance  of 
vesicles  in  the  discharges.  In  the  absence  of  a 
clear  history  and  of  vesicles  in  the  discharge, 
there  is  difficulty  in  distinguishing  the  condition 
from  accidental  hpemorrhage  {see  page  287),  and 
it  has  also  been  confused  with  placenta  prsevia 
and  with  hydramnios.  It  is  impossible  to  dis- 
tinguish from  fleshy  mole  a  hydatid  mole  which 
has  been  retained  dead  in  utero  until  shrunken 
and  firm.  True  hydatid  cysts  have  occasionally 
discharged  their  contents  through  the  uterus  or 
vagina,  but  in  such  cases  a  careful  examination 
of  the  structures  discharged  at  once  reveals 
their  true  nature. 

The  prognosis  in  vesicular  degeneration  of 
the  chorion  is  always  grave,  as  deaths  from 
haemorrhage,  anaemia,  septicfemia,  and  pyaemia 
are  frequently  recorded.  These,  as  well  as 
perforation  of  the  uterus,  are  favoured  by  the 
deep  penetration  of  the  uterine  wall  and  the 
consequent  firm  attachment  of  the  mole. 
Dorland  estimates  the  mortality  at  18  per  cent. 
The  prognosis  must  be  considered  still  more 
grave  in  view  of  the  fact  that  more  than  half 
the  recorded  cases  of  deciduoma  or  chorioma 
malignum  have  followed  vesicular  degeneration 
of  the  chorion. 

The  uterus  should  be  emptied  as  soon  as  the 
diagnosis  is  made,  or  before  this  can  be  done  if 
bleeding  is  severe.  If  dilatation  of  the  cervix 
has  commenced,  packing  the  vagina  with  gauze, 
or  distending  it  with  a  rubber  bag,  may  be 
sufficient  to  ensui'e  expulsion  of  the  mass. 
Otherwise  tents  may  be  used,  with  strict  anti- 
septic precautions.  It  is  important  to  secure 
complete  dilatation,  uterine  contraction,  and 
natural  expulsion  of  the  mass  when  possible. 
In  any  case,  it  is  necessary  to  ascertain  by 
digital  examination  that  the  uterine  cavity  is 
thoroughly  clear,  carefully  avoiding  injury  to 
the  uterine  wall,  and  thereafter  to  take  every 
precaution  against  septic  infection  and  against 
subinvolution. 

Myxoma  Fibrosum. — This  name  was  applied 
by  Virchow  to  a  rare  form  of  degeneration  of 
the  chorion,  which  results  in  the  production  of 


solid  masses  of  fibro-myxomatous  tissue  instead 
of  the  more  familiar  cysts.  Proliferation  of  the 
connective  tissue  cells  of  the  cores  of  the  villi  is 
followed  by  some  degree  of  fibrous  change,  the 
villi  forming  solid  rods.  The  epithelium 
remains  for  the  most  part  unchanged.  This 
condition  may  be  seen  in  the  same  specimen, 
together  with  cystic  degeneration  ;  and  it  may 
also  occur  in  portions  of  an  otherwise  healthy 
placenta,  as  happened  in  Virchow's  case. 

Berry  Hart  has  described  a  case  of  "  fibrous 
mole,"  which  was  probably  due  to  prolonged 
retention  in  utero  of  an  ovum  which  had  under- 
gone fibro-myxomatous  degeneration.  A  patient 
had  a  threatening  of  abortion  at  the  third 
month,  and  thereafter  had  slight  occasional 
haemorrhages  during  nine  months,  at  the  end 
of  which  she  expelled  a  pear-shaped  mass 
measuring  i\  by  1\  inches.  On  section  this 
was  seen  to  be  composed  almost  entii'ely  of  a 
white  glistening  mass,  coarsely  granular,  with 
a  small  amniotic  cavity  at  the  lower  end,  but 
no  foetus.  On  microscopic  examination  the 
mass  was  seen  to  be  made  up  of  hypertrophied 
villi,  the  cores  of  which  were  made  up  of  wavy 
fibrous  tissue,  with  very  few  corpuscular 
elements,  and  hardly  any  vessels.  Where  the 
villi  were  not  in  contact  with  one  another, 
their  epithelium  was  fairly  well  presei-ved,  but 
at  other  places  the  villi,  intervillous  spaces, 
and  decidual  cells  were  blended,  the  foetal 
epithelium  being  lost  and  the  decidual  cells 
well  preserved.  The  intervillous  spaces  con- 
tained fibrin. 

Epithelioma  of  the  Chorion,  or  Chorioma 
Maligmmi  {Syn.  :  Syncytioma  malignum). — 
The  authors  who  have  described  cases  of 
malignant  disease  under  the  above  names 
consider  the  neoplasm  in,  question  to  be  com- 
posed of  foetal  epiblast,  that  is,  of  chorionic 
epithelium,  Avhich,  they  hold,  invades  the 
uterine  tissues,  and  continuing  to  grow  within 
the  maternal  organism,  produces  a  new  growth 
with  metastatic  deposits.  For  this  reason,  a 
description  of  the  condition  must  be  included 
amongst  those  of  aflPections  of  the  chorion.  It 
has  been  mentioned  above  that  other  authorities 
consider  similar,  if  not  identical,  new  growths 
to  be  sarcomata  of  maternal  origin. 

Clinical  Features. — Parturition  (in  a  few 
cases),  abortion,  or  expulsion  of  a  hydatid  mole 
(in  more  than  half  the  recorded  cases)  is  followed 
by  profuse  intermittent  haemorrhages  and  en- 
largement of  the  uterus,  which  usually  begin 
a  few  weeks  after  the  emptying  of  the  uterus. 
In  a  case  recorded  by  Whitridge  Williams, 
bleeding  was  absent,  the  appearance  of  metastases 
first  calling  attention  to  the  condition.  In  those 
of  Runge,  Lohlein,  and  others,  the  bleeding  was 
delayed  for  some  months.  The  haemorrhage 
causes  profound  anaemia,  and  putrid  discharge 
of  a  watery  character  follows  septic  infection 
of  the  growth.    Fever  and  cachexia  super vene^ 
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metastases  appear  in  the  vagina,  cervix,  and 
pelvic  organs,  and  also  in  the  lungs,  liver,  brain, 
kidneys,  and  other  viscera.  Death  is  usually 
caused  by  septicaemia,  or  by  pulmonary  or 
cerebral  complications  due  to  metastasis,  and 
occurs  as  a  rule  within  six  or  seven  months  of 
the  beginning  of  the  disease,  which  is  thus  the 
most  rapidly  fatal  of  all  known  malignant 
growths. 

The  uterus  generally  contains  irregular 
masses  of  new  growth  of  very  soft  friable 
consistency,  composed  largely  of  blood-clot  and 
necrotic  tissue,  and  varying  in  colour  from 
greyish  red  to  dark  purple.  The  growth  in- 
volves the  muscular  wall  of  the  uterus,  and 
sections  of  it  show,  besides  blood  and  debris, 
cell  elements  of  two  kinds,  and  occasionally 
complete  chorionic  villi.  The  cell  elements  are 
(1)  large  individual  cells,  round,  oval,  polyg- 
onal, or  spindle  shaped,  with  large  nuclei  and 
clearly  defined  protoplasm ;  and  (2)  irregularly 
shaped  masses  of  vacuolated  material  containing 
numerous  nuclei,  but  showing  no  cell  oiitlines. 
The  metastases  in  other  parts  of  the  body 
present  the  same  appearances.  The  spread  of 
the  disease  is  mainly  by  the  blood  stream. 
Schmorl  reported  a  case  which  he  considered 
to  be  of  this  nature,  in  which  the  uterus  was 
not  affected ;  and  Davis  and  Harris  have  de- 
scribed a  case  in  which  abortion  was  induced 
for  pernicious  vomiting,  the  uterus  being 
curetted,  and  being  then  healthy.  The  patient 
soon  died  of  general  carcinomatosis,  which  the 
authors  consider  to  be  chorioma  malignum, 
although  the  uterus  was  found  perfectly  healthy 
at  the  autopsy. 

It  will  be  remembered  that  the  foetal  epiblast, 
as  observed  in  the  epithelium  of  the  young 
chorion  and  its  villi,  consists  of  two  layers, 
which,  though  not  often  so  distinct  in  nature 
as  in  the  figures  of  some  authors,  are  easily 
recognisable  in  favourable  specimens.  These 
are  (1)  a  layer  of  nucleated  protoplasm  known 
as  the  syncytium,  and  (2)  a  layer  of  large  cells 
with  distinct  outlines  known  as  Langhans'  layer. 
These,  it  is  said,  are  the  physiological  proto- 
types of  the  elements  of  the  so-called  chorioma 
malignum,  the  irregular  plasmodial  masses  seen 
in  that  growth  being  supposed  to  be  derived 
from  the  syncytium,  while  the  individual  cells 
are  the  pathological  derivatives  of  the  cells  of 
Langhans'  layer.  The  appearances  presented 
by  the  chorionic  epithelium  in  hydatid  mole 
are  said  to  present  a  transition  stage  between  the 
normal  chorion  and  the  malignant  new  growth. 
In  the  cases  of  Schmorl  and  of  Harris  and 
Davis  above  mentioned  the  foetal  epiblastic 
structures  are  said  to  have  passed  through  the 
uterine  wall  and  entered  the  maternal  circulation, 
filling  the  maternal  organism  with  deposits  of 
malignant  new  growth,  yet  leaving  the  uterus 
itself  perfectly  healthy.  Whether  these  two 
cases  are  accepted  or  not,  the  fact  remains  that 


the  chorionic  origin  of  the  majority  of  the  re- 
corded cases  is  believed  in  at  the  present  time 
by  most  writers  on  the  subject. 

The  diagnosis  is  easy.  Whenever  pregnancy, 
more  especially  molar  pregnancy,  is  followed  by 
repeated  bleedings  and  persistent  discharge,  the 
uterus  should  be  examined,  and  scrapings  from 
its  interior  should  be  submitted  to  microscopic 
examination.  The  characteristic  appearances 
of  sections  at  once  make  clear  the  nature  of  the 
case. 

The  prognosis  is  absolutely  bad,  unless  surgi- 
cal treatment  is  undertaken  at  an  early  date. 
If  the  uterus  is  removed,  the  patient  has  a  very 
fair  chance,  recovery  having  occurred  in  about 
one-third  of  the  cases  recorded.  In  most  of 
these  the  uterus  was  removed  before  metastases 
had  appeared.  In  several  cases,  however, 
recovery  has  followed  hysterectomy,  although 
metastases  were  present,  the  extravasation  of 
blood  around  these  having  apparently  destroyed 
their  nutrition  and  life.  The  treatment  consists 
in  hysterectomy  performed  as  soon  as  possible 
after  the  diagnosis  is  made,  as  any  waste  of 
time  in  curetting  and  other  partial  measures 
may  be  fatal  to  the  patient's  chances  of  recovery. 

Affections  of  the  Amnion 
The  pathology  of  the  amnion  is  best  under- 
stood when  it  is  regarded  as  a  serous  membrane, 
liable  to  variations  in  its  powers  of  secretion 
and  absorption,  and  also  to  inflammations  which 
may  cause  it  to  throw  out  exudates  which  may 
be  plastic  as  well  as  serous. 

Hydramnios  {Syn.  :  Polyhydramnios,  hydrops 
amnii). — The  accumulation  within  the  amniotic 
cavity  of  an  excessive  quantity  of  liquor  amnii 
may  begin  at  any  time  during  pregnancy.  If 
slight  in  degree,  it  causes  no  symptoms,  and 
may  pass  unnoticed  even  during  labour.  If 
more  pronounced,  it  may  attract  attention  and 
demand  treatment  many  weeks  before  term.  At 
the  end  of  pregnancy  the  quantity  of  liquor 
amnii  usually  varies  between  one  and  two  pints, 
but  the  condition  is  seldom  noticed  unless  two 
quarts  or  more  are  present.  Quantities  of  fluid 
such  as  six  gallons  have  been  removed  from  the 
uterus  at  term.  If  the  accumulation  is  rapid 
instead  of  gradual,  the  condition  is  known  as 
acute  hydramnios,  and  presents  a  much  more 
striking  clinical  picture  than  the  more  familiar 
variety. 

The  fluid  may  be  derived  from  the  serum  of 
the  maternal  blood,  as  is  shown  by  the  occurrence 
of  hydramnios  together  with  other  serous 
effusions.  It  may  also  be  due  to  the  increased 
secretion  by  the  amnion  of  fluid  derived  from 
the  foetal  blood.  This  may  be  caused  by  any 
circumstance  which  raises  the  blood  pressure  in 
the  umbilical  vein,  such  as  disease  of  the  liver 
in  syphilitic  foetuses,  and  twists  or  knots  in  the 
cord.  Excessive  secretion  of  urine  by  the  foetus 
and  abnormal  perspiration  through  the  foetal 
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skin  are  mentioned  by  various  authors  as  causes 
of  hydramnios.  Inflammation  of  the  amnion 
has  also  been  regarded  as  a  cause  of  excessive 
secretion.  Tarnier  and  other  authors  hold  that 
deficient  absorption  of  liquor  amnii,  rather  than 
its  excessive  production,  is  the  true  cause  of  the 
condition. 

The  symptoms  and  signs  of  pregnancy  appear 
in  regular  order,  but  the  uterus  enlarges  more 
rapidly  than  visual.  The  festal  heart  sounds 
may  be  inaudible,  and,  in  extreme  cases,  it  may 
be  impossible  to  recognise  the  presence  of  a 
foetus  even  by  ballottement.  When  the  uterus 
much  exceeds  its  normal  size,  pressure  symptoms 
are  produced,  the  principal  being  shortness  of 
breath,  cyanosis,  and  abdominal  distress.  The 
more  rapidly  the  distension  occurs,  the  more 
severe  are  the  symptoms — pain,  dyspnoea,  cyan- 
osis, and  vomiting  appearing  in  quick  succes- 
sion in  acute  cases.  The  child  is  often  delicate 
or  diseased,  and  often  presents  club-foot,  spina 
bifida,  or  other  deformities.  Labour  is  very 
often  premature.  (For  the  eff"ect  of  hydramnios 
upon  labour  see  "Labour,  Pathology  of," 
vol.  V.  p.  239.) 

The  diagnosis  of  hydramnios  should  not  be 
difficult  when  once  the  fact  of  pregnancy  is 
firmly  established.  Even  then  it  is  necessary 
to  use  care  in  distinguishing  hydramnios  from 
some  other  complications  of  pregnancy.  Thus 
ascites  with  pregnancy  must  be  recognised  by 
percussion  made  with  the  patient  lying  on  the 
side,  when  the  flank  will  be  resonant  as  a  rule. 
Cystic  tumours  with  pregnancy  will  be  recog- 
nised on  palpation  as  separate  swellings,  al- 
though a  large  ovarian  or  parovarian  cyst  with 
a  small  pregnant  uterus  may  afford  a  veritable 
diagnostic  puzzle.  Distension  of  the  bladder 
during  pregnancy  is  recognisable  by  the  use  of 
the  catheter.  Twin  pregnancy  can  usually  be 
distinguished  from  hydramnios  by  palpation  of 
the  foetal  parts.  If  the  fact  of  pregnancy  can- 
not be  clearly  established,  the  diagnosis  of 
hydramnios  may,  however,  be  very  difficult 
indeed.  The  treatment  of  hydramnios  during 
labour  is  mentioned  elsewhere  {see  "  Labour, 
Pathology  of,"  vol.  v.  p.  239).  If  serious 
symptoms  are  produced  before  the  child  is 
viable,  there  need  be  no  hesitation  as  to  rup- 
turing the  membranes,  as  the  child  is  so  often 
deformed,  diseased,  or  dead  under  these  circum- 
stances that  the  prolongation  of  pregnancy 
should  not  be  allowed  at  any  risk  to  the  mother. 

Oligohydramnios. — Deficiency  of  liquor  amnii 
causes  certain  modifications  in  the  course  of 
labour  {see  "  Labour,  Pathology  of,"  vol.  v. 
p.  240),  and  in  the  very  early  portion  of 
pregnancy  it  is  said  to  favour  the  formation  of 
adhesions  between  the  amnion  and  various  parts 
of  the  foetus. 

Inflammation  of  the  amnion,  with  plastic 
exudation,  is  a  more  definite  cause  of  adhesions 
between  the  amnion  and  the  skin  of  the  foetus 


which  may  seriously  impair  the  development  of 
the  latter.  The  adhesive  material  may  become 
stretched  as  growth  goes  on,  so  forming  non- 
vascular bands  which  stretch  or  constrict  foetal 
structures.  Amongst  deformities  in  whose 
causation  inflammation  of  the  amnion  plays  a 
part  may  be  mentioned  exomphalos,  anenceph- 
alos,  dwarfing  of  limbs,  and  intra-uterine  am- 
putations. Leopold  mentions  that  the  cord 
may  be  involved  in  amniotic  adhesions,  which 
may  thus  cause  the  death  of  the  foetus. 

Rupture  of  the  amnion  may  occur,  the  chorion 
remaining  complete.  The  membranes  may  then 
be  separated,  and  the  amnion  may  be  rolled  up 
into  bands  which  may  become  entangled  with 
the  cord,  and  may  so  interfere  with  the  foetal 
circulation. 

Cysts  have  been  found  within  the  substance 
of  the  amnion,  but  these  are  small  in  size,  and 
have  no  effect  upon  the  course  of  pregnancy  or 
of  labour. 
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The  subject  of  the  diseases  of  the  placenta 
has  hitherto  obtained  very  little  systematic 
attention.  The  normal  structure  of  the  organ 
at  different  stages  of  development  has  only  in 
recent  years  been  clearly  defined,  and  the 
systematic  study  of  its  pathology  has  therefore 
been  hardly  practicable.  Many  of  the  earlier 
accounts  of  pathological  conditions  must  be 
rejected,  because  such  conditions  are  now  known 
to  result,  not  from  disease,  but  from  the  normal 
processes  of  maturation  and  senescence.  A 
short  account  of  tiiese  normal  processes  will 
therefore  rightly  precede  the  consideration  of 
the  diseases  of  the  placenta. 

Changes  due  to  Ripening.  —  Certain  well- 
defined  clianges  occur  in  all  healthy  placentse 
during  the  last  two  or  three  months  of  gesta- 
tion. In  their  nature  they  are  uniform,  but 
in  their  extent  they  present  great  divergences 
in  different  cases,  divergences  which  cannot  at 
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present  be  adequately  explained.  Stated  briefly 
these  changes  consist  in  the  occurrence  of 
obliterating  endarteritis  in  a  variable  number 
of  the  middle-sized  branches  of  the  foetal 
arteries,  and  in  widespread  changes  resulting 
therefrom  in  the  affected  areas,  the  most  im- 
portant of  which  are  the  formation  of  numerous 
solid  patches  in  the  spongy  placental  substance, 
termed  infarcts,  and  the  deposition  of  large 
quantities  of  fibrin  from  the  maternal  blood 
upon  the  villi  in  the  affected  parts.  Necrosis 
rapidly  destroys  all  the  structural  characters 
of  these  villi. 

In  this  manner  the  maternal  and  foetal 
circulations  become  obliterated  in  many  small 
areas  of  the  placenta,  and  numerous  groups  of 
villi  are  rendered  functionless.  Well-marked 
changes  of  this  character  can  be  detected  in 
practically  all  ripe,  healthy  placentae,  but  the 
amount  of  placental  tissue  thus  destroyed  varies 
greatly.  The  marginal  cotyledons  are  usually 
much  more  affected  than  the  central  ones. 
Degenerative  changes  also  occur  in  the  serotina 
■during  the  same  period. 

These  conditions  have  frequently  been  errone- 
ously attributed  to  placentitis,  to  haemorrhage, 
to  syphilis,  to  phthisis,  etc.,  etc. ;  they  are,  in 
reality,  due  to  old  age,  and  are  probably  pre- 
paratory to  the  normal  process  of  shedding 
during  labour.  The  young  placenta  is  certainly 
less  easily  separated  from  the  uterine  wall  than 
the  fully  ripened  organ,  and  the  presence  or 
absence  of  the  changes  described  probably  ex- 
plains this  difference.  It  is  possible  also  that 
these  changes  determine  the  onset  of  labour  by 
gradually  rendering  the  placenta  inadequate  to 
the  further  nutrition  of  the  foetus. 

Post-mortem  Changes  (retained  Placenta). 
— When  the  foetus  dies,  and  the  ovum  is  not  at 
■once  discharged  from  the  uterus,  certain  changes 
occur  in  the  placenta  as  the  result  of  the  sus- 
pension of  the  circulation  through  it.  The 
foetal  circulation  is,  of  course,  at  once  suspended; 
the  maternal  circulation  through  the  inter- 
villous spaces  fails  gradually ;  fresh  blood  may 
be  found  between  the  villi  here  and  there  in 
placentae  which  have  been  retained  for  several 
weeks  after  the  death  of  the  foetus.  The  villi 
are  nourished  directly  by  the  maternal  blood 
which  surrounds  them,  and  where  the  maternal 
circulation  has  remained  active  they  show  no 
•degenerative  or  necrotic  changes.  Where  the 
circulation  fails  the  intervillous  spaces  become 
obliterated  by  coagulation  of  the  blood  they 
contain,  and  the  villi  in  those  parts  rapidly 
necrose.  The  changes  they  undergo  are  similar 
to  those  found  in  infarcts  in  living  placentae, 
•except  that  obliterative  endarteritis  is  not 
present ;  fatty  degeneration  is  very  marked  in 
these  villi. 

A  great  deal  of  the  pathological  work  which  has 
been  done  with  the  placenta  has  been  undertaken 
in  the  case  of  retained  placentae.  Insufficient 


acquaintance  with  the  normal  post  -  mortem 
appearances  has  led  to  these  changes  being 
described  as  the  cause  of  the  death  of  the  foetus, 
whereas  in  reality  they  have  resulted  from  it. 
In  this  manner  a  great  deal  of  confusion  has 
been  introduced  into  the  subject. 

Putrefaction. — Dead  placental  tissue  when 
retained  in  the  uterus  is  especially  liable  to  the 
attacks  of  putrefactive  organisms.  This  is  a 
very  common  occurrence  in  the  case  of  portions 
of  placental  tissue  retained  after  labour  or 
abortion,  and  the  clinical  results  are  sufficiently 
familiar  to  require  no  notice  in  this  place. 
When  the  entire  ovum  is  retained  putrefaction 
is  extremely  rare.  The  reason  is  that  the 
retention  cavity  is  an  aseptic  chamber,  and 
unless  organisms  are  introduced  by  operative 
interference,  or  make  their  way  in  from  bowel 
adhesions  or  otherwise,  the  ovum  undergoes 
non-putrefactive  necrosis.  Cases  are,  however, 
recorded  where  a  foetus  has  been  discharged 
piecemeal  from  the  uterus,  after  being  retained 
for  many  months,  or  even  for  years,  without 
mechanical  interference.  Putrefaction  is  much 
more  common  in  the  case  of  an  extra-uterine 
than  a  iiterine  ovum,  owing  to  the  liability  of 
the  former  to  injury  from  ruptiire,  etc. 

The  tissues  of  the  placenta,  though  prone 
to  certain  forms  of  degeneration,  are  not  subject 
to  such  varied  or  well-defined  diseases  as  most 
of  the  adult  organs  of  the  body.  Perhaps  the 
explanation  of  this  lies  in  the  embryonic  char- 
acter of  the  tissues  themselves,  which  is  preserved 
throughout  the  whole  duration  of  the  existence 
of  this  organ.  Foetal  tissues,  for  example,  never 
show  an  active  inflammatory  reaction ;  they 
appear  to  perish  under  the  influence  of  an 
irritant  which  would  be  insufficient  to  destroy 
adult  tissues,  but  would  induce  in  them  an 
inflammatory  reaction.  The  only  inflammatory 
lesion  the  existence  of  which  in  the  placenta 
has  been  clearly  shown  is  peri-  and  end-arteritis, 
which  occurs  freely  in  the  mature  placenta ; 
here,  of  course,  the  inflammatory  process  is  of 
an  inactive  kind.  Lesions  formerly  described 
as  due  to  "placentitis"  are  now  recognised  as 
resulting  from  degenerative  processes.  The 
effect  of  placental  lesions  upon  the  life  or 
development  of  the  fa^tus  appears  to  depend 
more  upon  their  extent  than  upon  their  nat\ire. 
A  considerable  diminution  in  the  total  amount 
of  healthy  placental  tissue  appears  to  be 
required  to  influence  the  foetus  unfavour- 
ably. The  analogy  of  pulmonary  diseases  is 
not  inapt.  It  is  well  known  that  a  considerable 
area  of  lung  tissue  may  be  destroyed  or  rendered 
functionless  without  much  embarrassment  of 
the  respiratory  process.  And  similarly  an 
amount  of  placental  tissue  much  less  tlian  that 
provided  by  nature  appears  to  be  quite  sufficient 
to  carry  on  the  processes  of  foetal  nutrition  and 
excretion. 

Anomalies  of  the  Placenta. — Anomalies  of 
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Size  and  Shape. — While  subject  to  considerable 
variations  within  certain  limits,  the  size  of  the 
placenta  corresponds  during  the  last  three 
months  of  gestation  to  about  one-fifth  of  the 
total  area  of  the  internal  surface  of  the  uterus. 
A  marked  increase  in  the  area  or  thickness  is 
usually  due  to  oedema  or  to  some  form  of 
degeneration,  and  thus  becomes  a  pathological 
condition,  not  an  anomaly. 

A  few  rare  instances  have,  however,  been 
recorded  in  which  the  placenta  was  equally 
disposed  around  the  entire  ovum,  instead  of 
being  developed  at  one  or  other  pole.  This 
condition  has  received  the  name  of  jdacenta 
memhranacea.  It  is,  of  course,  due  to  persist- 
ence of  the  arrangement  invariably  found  in 
the  first  two  months  of  gestation  in  which  the 
chorionic  villi  are  equally  developed  all  over 
that  membrane.  In  some  mammals  {e.g.  the 
cetacea)  the  diffused  form  of  placenta  is  always 
met  with,  and  its  occasional  occurrence  in  the 
human  species  is  extremely  interesting.  A  case 
has  also  been  comparatively  recently  reported 
in  which  the  placenta  formed  a  ring  around  the 
ovum,  indistinctly  divided  into  three  lobes. 
This  corresponds  to  the  zonary  placenta  of 
some  carnivora.  It  is  produced  by  an  anomaly 
in  the  distribution  of  the  changes  which  result 
in  the  disappearance  of  the  extra  -  placental 
chorionic  villi. 

Instead  of  being  a  single  organ,  the  placenta 
may  be  variously  divided  into  lobes,  the  segments 
being  continuous  with  one  another  through 
membrane  over  which  the  branches  of  the 
umbilical  vessels  pass.  There  may  be  two 
lobes  (placenta  bipartita),  either  equal  or  un- 
equal, or  three  or  more  lobes  may  be  present 
(placenta  tripartita,  p.  multiloba).  All  medical 
men  are  familiar  with  the  variety  of  this  con- 
dition known  as  placenta  succenturiata,  in  which 
one  or  more  small  outlying  portions  of  placenta, 
usually  circular  in  shape,  are  found  connected 
by  a  bridge  of  membrane  with  the  main  portion 
of  the  organ,  and  are  extremely  liable  to  be 
left  behind  when  the  placenta  is  expelled  from 
the  uterus. 

Anoinalies  in  the  insertion  of  the  co7-d  are  also 
fairly  common.  Usually  the  attachment  is  in 
the  centre  of  the  placental  organ ;  not  infre- 
quently it  is  markedly  eccentric,  sometimes 
even  to  the  extent  of  being  attached  to  the 
placental  margin  (battledore  placenta).  A  rarer 
variety  of  insertion  is  that  known  as  the  vela- 
mentous,  in  which  the  cord  is  inserted  into  the 
membranes  two  or  three  inches  or  more  outside 
the  placental  margin.  The  vessels  bifurcate 
at  the  point  of  insertion,  and  their  divisions 
run  between  the  amnion  and  the  chorion  to 
the  placenta,  which  they  enter  in  the  usual 
manner.  The  vessels  running  between  the 
membranes  are  liable  to  injury  during  labour. 

The  placenta  is  usually  developed  equally 
around  the  point  on  the  periphery  of  the  ovum 


at  which  the  allantois  and  the  ventral  stalk 
reach  it.  If  for  any  reason  the  placenta  is 
developed  unequally  aroimd  this  spot,  eccentric 
insertion  of  the  cord  results ;  if  at  a  distance 
from  this  spot,  a  velamentous  insertion  results. 

Diseases  of  the  Placenta 

InJlammatio7i.  —  A  subject  which  bulked 
largely  in  earlier  accounts  of  the  morbid  condi- 
tions of  the  placenta  was  placentitis.  The 
changes  described  were  usually  those  already 
mentioned  as  senile  or  post-mortem  changes, 
and  their  relation  to  an  inflammatory  process 
was  a  matter  of  pure  speculation.  As  a  matter 
of  fact,  we  know  nothing  of  inflammation  of  the 
foetal  placenta,  apart  from  gonorrhoeal  or  septic 
infection,  as  the  direct  result  of  inoculation  of 
the  gravid  uterus.  Infection  of  the  ovum  in 
this  manner  is,  of  course,  incompatible  with  its 
further  existence,  and  the  dead  tissues  undergo' 
rapid  putrefaction.  The  gonococcus  has  been 
in  two  cases  detected  in  early  abortions  attrib- 
utable clinically  to  gonorrhoea,  but  little  or  no 
systematic  work  has  been  done  at  the  bacteri- 
ology of  this  subject.  It  is  possible  that  the 
condition  known  as  "  morbid  adhesion  of  the 
placenta  "  is  the  result  of  an  inflammatory  affec- 
tion of  the  decidua  serotina,  but  we  are  not  in 
possession  of  positive  evidence  upon  the  point. 
The  foetal  elements  are,  in  any  case,  not  involved 
in  the  process.  Certain  fairly  well-defined  forms 
of  inflammation  affect  the  young  decidual  mem- 
bi'ane  (decidual  endometritis),  but  an  account 
of  this  will  be  found  in  another  place.  Foetal 
endarteritis  has  already  been  referred  to. 

Haemorrhage.  —  The  conditions  known  to 
obstetricians  as  placenta  prsevia  and  accidental 
haemorrhage  {see  p.  287)  are  instances  of 
haemorrhage  due  to  separation  of  the  placenta 
from  the  uterine  wall,  and  in  both  cases  the 
bleeding  occurs  during  labour  or  in  the  later 
months  of  pregnancy.  With  these  conditions 
we  are  not  here  concerned.  The  subject  is 
further  limited  by  the  exclusion  of  haemorrhages 
occurring  into  the  chorion  before  the  formation 
of  the  placenta  ;  these  are  dealt  with  in  another 
place.  We  therefore  exclude  from  consideration 
haemorrhage  into  the  early  ovum,  and  haemor- 
rhage from  separation  of  the  adult  placenta. 
Haemorrhage  into  the  substance  of  the  placenta 
(placental  apoplexy)  occurs  in  two  distinct 
forms : — 

(«,)  Small  interstitial  haemorrhages. 

{h)  Large  effusions. 

{a)  Small  interstitial  hcemorrhages  are  not 
uncommonly  found  in  the  form  of  circumscribed 
areas  of  the  cut  surface  of  the  placenta,  which, 
appear  to  the  naked  eye  to  be  almost  black,  and> 
are  easily  distinguished  from  the  healthy 
placental  tissue  by  the  purplish  colour  and 
reticulated  texture  of  the  latter.  Usually  they 
lie  neai'er  the  maternal  than  the  foetal  surface,, 
but  they  do  not  show  upon  the  former  surface- 
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when  the  serotina  is  intact.  There  is  no  uni- 
formity about  their  size  and  shape  ;  the  largest 
appear  to  involve  an  entire  cotyledon ;  there 
may  be  many  small  ones  scattered  through  an 
otherwise  healthy  placenta.  Under  the  micro- 
scope the  hsemorrhagic  areas  are  seen  to  consist 
mainly  of  blood-clot  in  which  are  scattered  a 
few  atrophied  or  distorted  villi ;  the  villi  are 
more  numerous  at  the  margins  than  in  the 
csntre  of  the  haemorrhage.  It  may  be  objected 
that  such  a  condition  as  this  is  not  haemorrhage, 
because  the  blood  is  still  contained  in  the  inter- 
villous spaces  and  has  not  escaped  from  its 
normal  channels.  But  it  differs  from  mere  con- 
gestion or  engorgement  of  vessels,  inasmuch  as 
the  surrounding  structures  (villi)  are  disturbed, 
and  in  part  destroyed,  by  the  process.  Except 
in  a  technical  sense,  it  is  interstitial  haemorrhage. 
These  haemorrhages  do  not  affect  the  functional 
activity  of  the  placenta  to  an  extent  sufficient 
to  react  unfavourably  upon  the  foetus.  It  is 
quite  possible  that  they  are  produced  during 
labour  by  the  influence  of  the  uterine  contrac- 
tions upon  the  maternal  circulation  through  the 
placenta.  A  case  has  been  recently  reported  by 
Dr.  Blacker,  in  which  an  extensive  haemorrhage 
of  this  kind  occurred  in  a  very  young  placenta, 
from  cardiac  disease,  without  inducing  abortion 
or  causing  the  death  of  the  foetus. 

(b)  Large  effusions  of  blood  into  the  placenta 
are  much  rarer  than  the  interstitial  haemor- 
rhages just  described.  Such  effusions  are  prob- 
ably produced  more  rapidly,  and  therefore  break 
Tip  the  placental  tissue  to  a  much  greater  extent 
than  the  interstitial  ones.  In  consequence, 
irregular  cavities  containing  blood -clot  are 
formed  in  the  substance  of  the  placenta,  limited 
in  recent  cases  by  compressed  and  broken  villi, 
and  in  older  cases  by  layers  of  fibrin  forming  a 
false  cyst  wall.  In  some  of  these  cases  the 
haemorrhage  is  foetal  from  ruptui-e  of  a  branch 
of  the  umbilical  vein  or  artery  in  the  placental 
tissue,  and  sometimes  the  cavity  communicates 
with  the  circular  sinus  (maternal).  After  ac- 
cumulating in  the  placental  substance  the  blood 
may  burst  through  the  serotina,  causing  some 
separation  from  the  uterine  wall ;  such  an 
occurrence  might  cause  external  haemorrhage. 
The  foetus  is  born  dead  when  haemorrhages  of 
this  kind  exist  in  the  placenta.  If  abortion 
does  not  immediately  follow  its  occurrence  the 
effused  blood  undergoes  the  usual  changes  from 
clotting,  absorption,  or  partial  organisation  and 
degeneration.  The  causes  of  large  placental 
haemorrhages  are  by  no  means  fully  known.  In 
a  case  observed  by  the  writer  the  mother  suffered 
from  albuminuria  during  pregnancy,  and  the 
portions  of  the  placenta  unaffected  by  the 
haemorrhage  showed  extensive  pathological  in- 
farction, as  is  so  commonly  the  case  in  albumin- 
uria. But  the  whole  subject  of  placental 
heemorrhage  still  requires  a  great  deal  of  sys- 
tematic work. 


(Edema. — Oedema  of  the  placenta  usually 
results  from  disturbances  of  the  foetal  circulation 
or  changes  in  the  foetal  blood,  and  is  therefore 
associated  with  general  oedema  of  the  foetus, 
and  due  to  the  same  causes  as  this  condition. 
Cases  of  maternal  dropsy  have  also  been  recorded 
in  which  the  placenta  was  oedematous  :  in  these 
cases  the  cause  would  appear  to  be  maternal ; 
but  more  often  placental  oedema  is  due  to  a 
foetal  cause.  Instances  may  be  found  of  ob- 
struction to  the  arterial  return  from  the  placenta 
by  antenatal  closure  of  the  foramen  ovale,  or 
thrombosis  of  the  vimbilical  and  hypogastric 
vessels  before  birth,  in  which  both  the  placenta 
and  the  foetus  were  oedematous.  The  placenta  of 
acardiac  monsters  is  also  frequently  oedematous. 

Within  recent  years  several  cases  of  foetal 
and  placental  dropsy  have  been  carefully  re- 
corded, in  which  there  was  present  a  marked 
excess  of  leucocytes  in  the  foetal  blood  ;  in  one 
of  these  cases,  recorded  by  Liefart,  the  mother 
suffered  from  albuminuria  and  dropsy,  which 
rapidly  cleared  up  after  labour.  Possibly  in 
these  cases  the  morbid  condition  of  the  foetal 
blood  was  due  to  the  increased  toxicity  of  the 
maternal  blood,  which  has  been  shown  to  exist 
in  the  albuminuria  of  pregnancy.  Virchow  and 
Franck  have  observed  that  in  general  dropsy  of 
the  foetus  of  bovine  animals  the  thoracic  duct 
and  mesenteric  lymphatics  are  often  absent,  but 
this  point  does  not  appear  to  have  been  inves- 
tigated in  the  human  foetus. 

An  oedematous  placenta  is  larger  and  heavier 
than  normal,  and  undergoes  a  great  diminu- 
tion in  weight  when  incised  and  drained  of 
fluid.  The  normal  weight  of  the  organ  is  16 
ounces ;  in  the  case  reported  by  Liefart  the 
oedematous  placenta  weighed  67  ounces.  In 
colour  it  is  pale,  and  in  consistence  unusually 
friable  and  soft.  Microscopically  the  villi  are 
found  enormously  increased  in  size  and  closely 
packed  together,  so  that  the  size  of  the  inter- 
villous spaces  is  much  reduced,  and  they  there- 
fore contain  comparatively  little  blood.  Many 
of  the  foetal  vessels  are  thickened  or  throm- 
bosed, and  the  stroma  of  the  villi  is  poor  in 
cells  and  contains  abundant  fluid  in  its  spaces. 
Frequently  marked  fatty  degeneration  of  the 
chronic  epithelium  is  also  present. 

Usually  the  foetus  dies  in  wtei'o,  although  this 
event  is  not  by  any  means  of  invariable  occur- 
rence. Oedema  most  seriously  impairs  the 
functional  capacity  of  the  placenta,  but  as  it 
is  never  idiopathic  we  cannot  tell  precisely  what 
effect  it  exerts  upon  the  nutrition  of  the  foetus. 
The  morbid  conditions  associated  with  it  may 
be  sufficient  to  destroy  the  foetus. 

Pathological  Infarction. — It  has  already  been 
stated  that  during  the  last  two  months  of  intra- 
uterine life  certain  changes  referable  to  senility 
occur  in  the  foetal  placenta,  resulting  in  the 
formation  of  small  solid  bodies  in  the  spongy 
placental  substance  termed  "  infarcts."  Under 
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conditions  of  health  these  are  neither  large 
enough  nor  numerous  enough  to  interfere  with 
the  functional  capacity  of  the  placenta  or  the 
ni;trition  of  the  foetus.  Within  the  last  decade 
it  has  been  shown  that  changes  similar  in 
nature,  but  much  more  widespread  and  occur- 
ring much  earlier  in  gestation,  are  found  in 
association  with  a  well-known  disorder  of  preg- 
nancy, viz.  albuminuria.  This  condition  has 
long  been  known  to  cause  a  heavy  fcetal  mor- 
tality, estimated  on  recent  evidence  at  54  per 
cent,  and  evidence  has  now  been  advanced  that 
the  changes  in  the  placenta  are  the  cause  of  the 
death  of  the  foetus. 

In  a  mai'ked  example  of  pathological  infarc- 
tion a  considerable  proportion  to  |)  of  the 
placenta  is  converted  into  a  firm,  yellowish, 
apparently  bloodless  tissue,  which  is  seen  under 
the  microscope  to  consist  of  atrophied  chorionic 
villi  with  large  deposits  of  fibrin,  both  elements 
usually  showing  marked  fatty  degeneration. 
Hsemorrhages  may  be  found  in  the  non-infarcted 
portions  of  the  placenta,  In  marked  cases  of 
albuminuria  pregnancy  seldom  continues  be- 
yond the  thirty-sixth  week,  and  the  earlier  the 
onset  of  labour  the  more  marked  are  the  pla- 
cental changes.  As  a  rule  the  most  extensive 
changes  of  all  are  found  in  the  placentse  of 
foetuses  which  have  perished  in  utero,  and  have 
been  born  in  a  state  of  maceration.  The 
infarction  appears  to  depend  upon  an  obliter- 
ative  endarteritis  of  the  foetal  vessels.  It  has 
long  been  known  that  the  foetus  of  albuminuric 
mothers  is  smaller  and  lighter  than  the  normal 
foetus  of  the  corresponding  period  of  gestation  ; 
it  is,  in  fact,  under-developed,  and  possesses  but 
low  vitality. 

Dege7iercitions. — The  following  forms  of  de- 
generation affect  the  placenta  :  — 

1.  Vesicular  degeneration  (hydatidiformmole). 

2.  Myxoma  fibrosum. 

3.  Fatty  and  calcareous  degeneration. 

4.  Cystic  degeneration. 

1.  Vesicular  degeneration  is  a  form  of  myxo- 
matous degeneration  of  the  stroma  of  the 
chorionic  villi  which  usually  occurs  at  an  early 
period  before  the  differentiation  of  the  placenta 
begins  ;  it  is  therefore  more  commonly  a  disease 
of  the  chorion  than  of  the  placenta,  and  will  be 
found  fully  described  in  that  relation  in  another 
place.  In  rarer  instances,  however,  it  occurs  at 
a  later  period,  and  is  then  found  in  the  placenta. 
The  disease  has  the  main  general  characters  as 
in  the  hydatidiform  mole,  but  the  whole  pla- 
centa is  seldom  affected ;  usually  one  or  two 
cotyledons  degenerate,  while  the  rest  of  the 
organ  escapes. 

2.  Myxoma  fibrosum  is  a  form  of  myxomatous 
and  fibroid  degeneration  of  the  chorionic  villi 
which  is  usually  described  as  a  new  growth, 
although  it  would  be  more  accurately  classed  as 
a  form  of  degeneration.  It  will  be  described 
under  "  Tumours  of  the  Placenta,"  p.  253. 


3.  Fatty  and  Calcareous  Degeneration. — Fatty 
degeneration  is  rarely  found  in  the  placenta 
except,  as  the  result  of  pre-existing  lesions. 
The  observations  of  Barnes  and  Druitt,  which 
are  still  sometimes  quoted  in  textbooks  as  the 
first  description  of  primary  fatty  degeneration, 
have  been  shown  to  be  incorrect.  A  certain 
amount  of  fat  is  contained  in  the  normal 
human  placenta,  being  located  in  the  plas- 
modial  layer  of  the  chorionic  epithelium  and  in 
the  superficial  layers  of  the  decidua.  This  may 
be  easily  distinguished  from  pathological  de- 
posits, as  it  occurs  in  minute  non-confluent 
droplets  and  is  very  small  in  amount.  A  good 
deal  of  fat  is  also  found  in  white  infarcts,  the 
older  infarcts  containing  the  larger  deposits. 
Fatty  degeneration  is  perhaps  most  commonly 
met  with  as  a  sequela  of  pathological  infarc- 
tion in  albuminuria,  and  is  probably  the  direct 
result  of  the  extensive  arterial  obstruction  of 
the  foetal  vessels  which  occurs  in  that  condition. 
It  is  also  not  uncommonly  found  in  connection 
with  placental  oedema  and  in  placentse  retained 
in  %otero  after  the  death  of  the  foetus.  There  is 
no  evidence  of  any  well-defined  relation  be- 
tween syphilis  and  fatty  degeneration,  as  was 
so  frequently  stated  in  the  earlier  papers  on 
this  subject. 

In  parts  which  have  undergone  fatty  de- 
generation a  deposit  of  lime  salts  is  often  found. 
In  a  ripe  placenta  numerous  small  thin 
calcareous  plates  are  present  upon  the  maternal 
surface ;  they  occur  in  the  serotina,  and  as  a 
rule  do  not  involve  the  villi.  Instances  are  on 
record  where  almost  the  entire  uterine  face  has 
been  thus  covered  with  a  thin  calcareous  plate. 
Such  deposits  do  not  appear  to  affect  the 
functional  activity  of  the  placenta. 

4.  Cystic  Degeneration.  —  By  this  term  is 
understood  the  formation  of  cysts  by  a  process 
of  degeneration.  Cysts  occur  but  rarely  in  the 
placenta,  being  occasionally  observed  upon  the 
foetal  surface  of  an  otherwise  healthy  organ. 
Here  they  occur  as  small  multiple  collections 
of  clear  yellowish  fluid  situated  beneath  the 
amnion.  This  membrane  can  be  readily  peeled 
off  the  cyst  which  appears  to  be  in  the  substance 
of  the  sub-amniotic  chorion  or  the  basal  plate 
of  placental  chorion  from  which  the  villi  spring. 
Occasionally  similar  cysts  occur  in  the  anmion 
itself.  They  are  produced  by  a  process  of 
myxomatous  degeneration  of  the  connective 
tissue,  and  possess  no  epithelial  lining,  their 
walls  being  formed  of  degenerating  and  com- 
pressed connective  tissue.  The  placental  con- 
nective tissue  is  all  of  embryonic  type,  and  is 
very  prone  to  this  form  of  degeneration.  These 
cysts  never  exceed  the  size  of  a  pigeon's  egg, 
and  do  not  interfere  in  any  way  with  the 
functional  activity  of  the  placenta. 

Tuberculosis.  —  Tubercular  disease  of  the 
placenta  is  probably  rare ;  at  any  rate  the 
number  of  cases  recorded  in  recent  years  is 
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exceedingly  small.  It  has  been  shown  to 
occur,  however,  in  women  affected  with  chronic 
pulmonary  phthisis,  or  with  acute  miliary 
tuberculosis.  Cases  occurring  under  both  of 
these  conditions  have  been  recorded  by  Schmorl 
and  Kockel,  Lehmann,  and  Londe. 

Placental  tubercle  possesses  the  same  general 
characters  as  tubercle  of  other  organs.  The 
nodules  are  found  in  the  substance  of  the 
cotyledons  more  often  than  upon  the  surface, 
and  are  more  abundant  in  the  marginal  than 
in  the  central  parts.  They  are  usually  firm 
and  fibrous  in  texture,  but  sometimes  caseating. 
Under  the  microscope  they  are  seen  to  contain 
characteristic  giant  cells,  and  tubercle  bacilli 
can  be  recognised  by  the  visual  differential 
staining  reactions.  Inoculation  experiments 
upon  rabbits  and  guinea-pigs  show  that  the 
bacilli  are  active.  Schmorl  describes  the 
tubercles  as  occupying  two  distinct  positions 
in  his  cases  ;  usually  they  were  upon  the  surface 
of  the  villi,  encroaching  upon  or  obliterating 
the  adjacent  intervillous  space.  Sometimes, 
however,  they  were  situated  in  the  stroma  of 
the  villus,  the  surface  epithelium  covering  it 
being  intact. 

In  almost  all  the  recorded  cases  the  maternal 
disease  was  so  advanced  that  the  mother  died 
either  during  labour  or  very  soon  afterwards. 
In  the  six  cases  recorded  by  Schmorl,  and 
Kockel,  and  Lehmann,  the  foetus  died  soon  after 
birth,  and  a  post-mortem  examination  was  made. 
In  only  one  case,  however,  was  tubercle  found 
in  the  foetal  organs,  and  in  this  case  there  were 
characteristic  deposits  found  in  the  lungs,  liver, 
spleen,  and  left  kidney,  and  microscopically  the 
tubercle  bacillus  was  readily  recognised.  In 
all  the  other  cases,  not  only  could  no  tubercle 
be  found  in  the  body  of  the  foetus,  but  inoc- 
ulation experiments  were  also  attended  by 
negative  results.  The  blood  from  the  tubercular 
placenta  was,  on  the  other  hand,  usually  in- 
fective. From  these  facts  it  would  appear 
that  the  foetus  is  to  a  certain  extent  protected 
from  infection  from  the  maternal  blood  by  the 
placenta,  the  organisms  being  detained  there 
as  in  a  filter.  In  only  one  of  the  recorded  cases 
is  it  stated  that  the  foetus  died  in  utero  before 
the  onset  of  labour. 

The  diagnosis  of  placental  tubercle  is  im- 
possible except  by  the  microscope.  It  does 
not  destroy  the  foetus,  and  gives  rise  to  no 
symptoms  which  can  be  recognised  during  life. 

Tumours  of  the  Placenta. — New  growths  are 
among  the  rarest  diseases  which  occur  in  the 
placenta.  A  Norwegian  writer,  Alin,  succeeded 
in  collecting  records  of  23  cases  from  the 
literature  of  all  countries,  and  6  other  cases 
have  been  since  reported,  making  a  total  of 
29  in  all.  As  reported  by  the  various  writers, 
these  tumours  numbered,  myxo  -  fibroma 
(myxoma  fibrosum,  of  Virchow),  14;  fibroma, 
5 ;  angioma,  5 ;  fibromyoma,  2 ;  sarcoma,  3. 


Many  of  the  earlier  cases  are,  however, 
insufficiently  reported,  and  the  nature  of  the 
growth  remains  open  to  doubt.  It  will  be 
noticed  that  all  the  above  are  varieties  of 
connective  tissue  tumours ;  no  new  growth 
arising  in  epithelium  appears  to  have  ever  been 
repoi'ted.  The  malignant  uterine  growth  known 
as  deciduoma  malignum  cannot  be  regarded  as 
a  tumour  of  the  placenta,  even  if  the  current 
theory  of  its  origin  in  foetal  epithelial  cells  be 
accepted.  Tumours  of  the  placenta  do  not 
exert  such  a  markedly  unfavourable  influence 
upon  the  foetus  or  the  mother  as  might  at  first 
be  supposed.  Out  of  the  29  cases  a  living  foetus 
was  born  in  25  ;  the  remaining  4  were  born 
dead  ;  a  foetal  mortality  of  1  in  7  cannot  be 
regarded  as  a  high  mortality  for  a  serious 
placental  lesion.  Labour  was  not  unfavourably 
influenced  in  any  case.  The  frequency  with 
which  myxo-fibroma  occurs  in  the  placenta  is 
very  marked  in  comparison  with  the  other  new 
growths ;  it  is  the  only  one  which  need  be 
described  in  detail. 

Myxo-fibroma  (myxoma  fibrosum). — Although 
the  commonest  form  of  placental  tumour  it  is 
a  rare  disease.  It  occurs  as  a  firm,  rounded 
swelling,  usually  in  the  substance  of  the 
placenta,  and  forming  a  protuberance  upon 
both  surfaces,  or  in  the  case  of  growths  of 
smaller  size,  upon  the  maternal  surface  only. 
Less  often  the  tumour  forms  a  pedunculated 
mass  attached  to  the  maternal  surface,  and 
has  a  more  or  less  definite  branching  arrange- 
ment. The  foetal  surface  of  the  tumour  is 
covered  with  the  amnion,  which  may  be  stripped 
off  it,  showing  that  the  membrane  is  not  in- 
volved in  the  tumour.  Often  there  is  a  distinct 
fibi'ous  capsule,  and  occasionally  there  are 
multiple  growths.  The  microscopic  characters 
of  the  growth  are  not  uniform,  and  are  described 
in  very  different  terms  by  different  writers.  In 
the  main  it  appeal's  to  consist  of  altered  villi. 
The  villi  are  enormously  enlarged — upon  this 
point  there  is  practical  unanimity — by  increase 
of  their  stroma.  The  characters  of  the  altered 
stroma  appear  to  vary,  but  speaking  generally, 
the  change  is  one  of  myxomatous  and  fibrous 
new  formation,  the  relative  proportions  of  the 
myxomatous  and  fibrous  tissues  being  variable. 
The  chorionic  epithelium  does  not  alter,  and 
is  often  retained  upon  the  enlarged  villi.  Some- 
times the  vessels  of  the  affected  villi  are  much 
enlarged,  forming  the  variety  of  the  growth 
called  myxoma  fibrosum  telangiectodes.  The 
growth  is  of  course  benign  in  all  cases,  and  the 
parts  of  the  placenta  not  involved  in  it  are 
healthy. 

Diseases  of  the  Membranes.  —  Decidual 
Endometritis. — This  condition  is  a  disease  of 
the  early  ovum,  affecting  the  decidua  in  all 
parts,  and  occurring  at  a  period  prior  to  the 
formation  of  the  placenta.  Two  distinct  forms 
are   described,  viz.,   the  glandular   and  the 
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interstitial.  The  glandular  form  corresponds 
to  the  common  glandular  form  of  endometritis 
in  the  non-gravid  uterus,  and  probably  results 
from  conception  occurring  in  a  uterus  whose 
■endometrium  was  thus  affected.  The  decidual 
membrane  is  of  unusual  thickness,  and  fre- 
quently presents  small  polypoid  cysts  upon  its 
uterine  surface,  formed  no  doubt  by  cystic 
dilatation  of  the  deeper  portions  of  the  uterine 
glands.  The  microscope  does  not  disclose  any 
actual  inflammatory  changes,  the  morbid  con- 
dition being  characterised  mainly  by  glandular 
proliferation,  with  some  increase  of  the  normal 
inter-glandular  stroma.  The  interstitial  variety, 
on  the  other  hand,  is  a  true  inflammatory 
change  characterised  by  round  cell  infiltration 
•of  the  whole  membrane,  congestion  of  vessels 
and  interstitial  hsemorrhages,  with  inconsider- 
able changes  in  the  glands.  Emanuel  has  shown 
that  it  may  be  caused  by  the  gonococcus,  and 
has  demonstrated  the  presence  of  this  organism 
in  the  inflamed  membrane.  Cholera  and  certain 
of  the  exanthemata  are  also  said  to  cause  acute 
hfemorrhagic  endometritis  in  pregnancy,  but 
further  observations  are  required  in  this 
direction. 

The  symptoms  associated  with  decidual 
endometritis  are  pain  and  htemorrhage  during 
the  first  three  months  of  pregnancy,  and  a 
marked  tendency  to  abortion.  If  the  ovum 
survives  that  period  atrophy  of  the  decidua 
begins,  and  the  danger  abates.  Diagnosis  can 
only  be  established  by  microscopic  examination 
of  the  micmbrane.  It  is  possible  that  morbid 
adhesion  of  the  placenta  is  a  sequela  of  this 
condition. 

Diseases  op  the  Umbilical  Cord. —The 
ximbilical  cord  is  less  prone  to  disease  than  the 
placenta ;  the  number  of  morbid  conditions 
which  are  known  to  occur  in  it  is  very  small 
indeed. 

Such  accidental  anomalies  as  undue  or  di- 
minished length  and  thickness,  true  and  false 
knots,  and  excessive  torsion,  need  only  be 
mentioned ;  the  latter  condition  is  only  found 
in  the  case  of  a  dead  foetus,  and  is  now  usually 
believed  to  be  a  post-mortem  occurrence. 
Syphilitic  endarteritis  and  periphlebitis  have 
been  described  in  the  umbilical  arteries,  some- 
times to  the  extent  of  causing  actual  obliteration 
of  the  lumen.  Degeneration  cysts  ai'e  some- 
times met  with  of  the  same  nature  as  those 
occurring  in  the  placenta.  A  case  of  myxo- 
sarcoma of  the  cord  has  been  described  by 
Winckel. 

Intra-TJterine  Diseases  and  Death 
of  Foetus 
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Physiology. — The  study  of  the  intra-uterine 
diseases  of  the  foetus  is  a  subject  which  has 
been  systematised  only  within  recent  years. 
The  pathology  of  ante-natal  life  may  be  divided 
into  three  parts :  the  pathology  of  the  germ, 
of  the  embryo,  and  of  the  foetus ;  and  it  is  with 
the  last-named  portion  that  we  have  here  to 
do.  It  has  more  in  common  with  the  path- 
ology of  post-natal  life  than  have  the  pathology 
of  the  embryo  and  that  of  the  germ  ;  for  it  has 
mainly  to  do  with  diseases  while  these  others 
have  to  do  with  monstrosities  and  malformations 
and  predispositions.  Nevertheless  the  diseases 
from  which  the  foetus  suffers  show  many 
peculiarities,  and  are  not  always  recognisable 
as  the  same  maladies  as  those  which  are  met 
with  in  adult  life  or  even  in  childhood.  These 
peculiarities  are  due  to  certain  circumstances, 
such  as  the  intra-uterine  environment,  to  which 
attention  will  be  drawn  immediately ;  in  the 
meantime  it  is  necessary  to  have  some  know- 
ledge of  the  physiology  of  foetal  life. 

The  physiology  of  the  foetus  throws  much 
light  upon  its  pathology.  Its  chief  feature  is 
its  parasitism.  The  foetus  spends  the  whole 
of  its  existence,  about  seven  and  a  half  months, 
in  the  interior  of  the  uterus :  it  is  immediately 
surrounded  by  the  liquor  amnii,  which,  serving 
as  a  natural  water-cushion,  protects  it  from 
sudden  shocks  and  jars ;  the  uterine  walls,  by 
their  growth  and  distensibility,  allow  increase 
in  size  and  freedom  of  movement  to  the  foetus, 
while  they  shield  it  from  harm,  and  maintain 
by  their  vascularity  that  constant  temperature 
so  needful  for  healthy  development ;  and, 
external  to  the  uterus,  are  the  partly  osseous, 
partly  muscular  pelvic  and  abdominal  walls, 
which  serve  still  further  to  secure  the  safety 
of  the  tender  organism.  In  its  protected  posi- 
tion the  foetus  makes  little  call  upon  several  of 
its  organs  ;  its  lungs  are  absolutely  quiescent ; 
its  stomach,  intestine,  skin,  kidneys,  and  lym- 
phatic glands  are  nearly  so.  The  heart  and 
liver,  however,  are  active ;  the  thymus,  thyroid, 
supra-renal  glands,  and  sympathetic  system  play 
a  considerable  part  in  the  physiology  of  intra- 
uterine life ;  and  the  brain  and  spinal  cord  are 
capable  of  replying  to  all  the  demands  made 
upon  them.  The  most  important  of  the  foetal 
organs,  however,  is  the  placenta,  although  the 
foetus  is  only  part-possessor  in  it,  and  it  lies 
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outside  the  foetal  body.  It  is  the  dominating 
influence  in  foetal  life,  and  is  absolutely  essential 
to  the  unborn  infant ;  in  fact,  foetal  vitality, 
although  not  structural  integrity,  may  be  main- 
tained by  the  help  of  the  placenta  alone.  The 
study  of  monstrosities  has  proved  that  almost 
all  the  organs  may  be  absent,  or  so  malformed 
■as  to  be  useless ;  if  only  the  placenta  be  healthy 
and  active  the  foetus  lives  on  until  its  expidsion 
from  the  uterus  deprives  it  of  the  assistance  of 
the  placenta,  and  so  brings  about  its  death. 
Just  as  post-natal  life  is  ushered  in  by  a  transi- 
tion period,  the  neo-natal,  during  which  the 
organism  is  being  readjusted  to  its  new  environ- 
ment, so  foetal  life  begins  with  a  period  which 
may  be  called  neo-foetal,  in  which  the  circum- 
stances which  prevailed  during  embryonic  life 
are  being  replaced  by  those  which  characterise 
foetal  existence ;  the  outstanding  phenomenon 
of  this  transition  time  is  the  establishment  of 
the  placental  connection.  Embryonic  life  has 
as  its  most  striking  feature  evolution  or  develop- 
ment ;  it  is  a  period  of  planning,  of  arranging  ; 
and  in  it  the  apparently  similar  cells  of  the 
early  embryo  are  grouped  together  to  form  the 
various  organs  of  the  foetus.  The  chief  residt 
of  physiological  activity  on  the  part  of  the  foetus, 
on  the  other  hand,  is  rapid  growth  along  the 
lines  which  have  been  already  laid  down.  At 
the  same  time  the  whole  organism  does  not  pass 
at  the  same  moment  out  of  the  embryonic  into 
the  foetal  period  ;  there  is  a  projection  of  the 
embryonic  into  the  foetal  in  the  physiology  of 
ante-natal  life. 

The  pathology  of  the  foetus  is  characterised  by 
diseases  as  distinguished  from  embryonic  path- 
ology, which  has  malformations  and  monstrosities 
as  its  peculiar  possession.  Further,  it  is  prob- 
able that  with  certain  inconsiderable  exceptions 
the  foetus  is  liable  to  the  same  diseases  as  is  the 
adult  or  child.  In  a  broad  sense  it  may  be  said 
that  the  pathology  of  the  foetus  is  co-extensive 
with  that  of  the  adult.  The  foetus  enjoys  a 
partial  immunity  from  the  attacks  of  parasites 
which  produce  skin  diseases  in  extra-uterine  life, 
and  it  is  to  some  extent  protected  from  external 
violence  by  its  environment ;  with  these  excep- 
tions, it  has  the  same  wide  pathological  possi- 
bilities as  has  the  adult  or  child.  It  is  true 
that  elaborate  details  concerning  the  mode  of 
onset,  symptoms,  and  progress  of  foetal  maladies 
are  not  to  be  found  in  textbooks  of  medicine ; 
but  this  is  due  to  the  fact  that  these  diseases 
are  during  their  evolution  hidden  from  the  eye 
in  the  darkness  of  the  womb,  and  only  come 
under  the  observation  of  the  medical  man  when 
the  expulsion  of  the  foetus  from  the  uterus 
happens  to  coincide  with  the  stage  of  full  de- 
velopment of  the  disease,  and  occurs  before  the 
death  of  the  foetus  has  taken  place.  There  are 
other  reasons,  also,  of  a  more  commonplace  kind 
which  help  to  explain  how  it  is  that  more  is  not 
known  about  these  intra-uterine  maladies  :  these 


are  the  low  estimate  which  has  been  placed  upon 
the  value  of  fcetal  life,  the  absence  of  exact 
knowledge  regarding  intra-uterine  physiology, 
and  the  invasion  of  the  subject  by  such  un- 
scientific imaginings  as  those  connected  with 
maternal  impressions.  The  peculiarities  of  foetal 
diseases  also  mask  them  and  prevent  their  identi- 
fication with  the  diseases  of  the  adult. 

The  classification  of  foetal  diseases  and  morbid 
states  may  be  founded  upon  their  pathology, 
their  distribution,  or  upon  their  etiology  ;  but 
no  satisfactory  scheme  has  been  elaborated,  nor 
is  one  possible  until  our  knowledge  of  the  whole 
subject  is  much  enlarged.  In  the  meantime  it 
is  convenient  to  divide  the  morbid  states  from 
which  the  foetus  may  suffer  into  (1)  idiopathic 
diseases,  (2)  transmitted  diseases,  (.3)  traumatic 
morbid  states,  (4)  transmitted  toxicological 
states,  and  (5)  pathological  conditions  of  the 
foetal  annexa,  the  placenta,  membranes,  and 
cord.  A  special  department  has  to  do  with 
foetal  death  and  its  pathology. 

The  causes  of  the  peculiarities  of  fa;tal  diseases 
are  to  be  looked  for  in  the  influence  of  the 
intra-uterine  environment,  in  the  placental  factor, 
and  in  the  embryonic  factor.  A  few  words  must 
be  said  in  explanation  of  these  various  modifying 
agencies.  The  special  conditions  which  char- 
acterise intra-uterine  existence  are  responsible 
for  several  of  the  peculiarities  which  are  im- 
pressed upon  the  maladies  of  this  period  of  life. 
Traumatism,  for  instance,  as  it  is  understood  in 
post-natal  life,  is  a  rare  occurrence  in  foetal  life. 
So  well  is  the  unborn  infant  protected  that  it  is 
very  uncommon  for  it  to  be  the  subject  of  frac- 
tures, dislocations,  and  wounds  apart  from  those 
received  during  the  act  of  birth.  Of  course  now 
and  again  such  injuries  are  met  with  as  the 
result  of  gross  maternal  traumatism,  such  as 
abdominal  compression  and  lacei'ation  ;  but  they 
are  rare,  and  the  fractures  and  so-called  intra- 
uterine amputations  which  are  recoi'ded  have 
probably  another  origin  (from  amniotic  pressure) 
to  which  reference  will  be  made  in  the  proper 
place.  The  modifying  eff"ect  of  environment  is 
seen  also  in  the  characters  which  some  of  the 
exanthemata  take  on  when  they  occur  in  utero. 
Thus,  in  foetal  smallpox  the  eruption  on  the 
skin  resembles  that  which  occurs  on  the  mucous 
surfaces  in  later  life,  a  fact  which  is  probably 
due  to  the  influence  which  the  circumambient 
liquor  amnii  exerts  ;  there  is  rarely  a  noteworthy 
formation  of  crusts,  and  the  resulting  cicatrices 
are  very  slightly  marked ;  and  the  pustules  do 
not  appear  to  affect  the  face  to  the  same  extent 
as  they  do  in  the  smallpox  of  later  life,  probably 
because  the  face  is  not  less  protected  from  the 
light  than  are  the  other  regions  of  the  body. 
Possibly  the  intra-uterine  surroundings  have 
also  brought  it  about  that  erysipelas,  at  any 
rate  in  its  cutaneous  manifestations,  is  very 
rare  in  the  foetus.  The  enormous  thickeninar 
of  the  epidermis  in  foetal  ichthyosis  has  been 
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ascribed  to  the  comparative  absence  of  friction 
in  utero.  The  peculiarities  of  the  changes 
which  follow  foetal  death  must  certainly  be 
largely  due  to  the  environment  of  asepsis  with 
which  the  unborn  infant  is  in  normal  circum- 
stances surrounded.  The  placenta,  which  plays 
so  important  a  part  in  the  physiology  of  the 
foetus,  has  an  equally  important  effect  upon 
its  pathological  developments.  Thus,  the 
presence  of  the  placenta  makes  it  possible  for 
the  foetus  to  be  diseased  in  structure  to  a  very 
advanced  degree  without  the  suspension  of  its 
vitality.  An  enormous  amount  of  morbid 
change  may  be  present  without  the  cutting 
short  of  intra-uterine  life.  So  long,  for  instance, 
as  the  foetal  malady  attacks  organs  whose 
functions  are  performed  in  whole  or  even  in 
part  by  the  placenta,  the  induced  morbidity 
is  only  potential.  The  lungs  may  be  solid 
from  pneumonia  and  yet  no  inconvenience  be 
caused  to  the  fa^tus  qud  the  state  of  its  lungs 
so  long  as  the  placental  economy  is  maintained. 
This  potential  morbidity  becomes  real  at  birth. 
The  potential  mortality  of  the  foetus  is  another 
eflfect  of  the  placental  predominance.  An 
amount  of  structural  change  quite  incompatible 
with  extra-uterine  existence  may  be  present  in 
utero  without  causing  foetal  death.  A  foetus 
with  general  dropsy  may  come  to  the  full  term 
with  its  peritoneal,  pleural,  and  pericardial 
cavities  loaded  with  fluid,  and  with  advanced 
changes  in  its  internal  organs ;  it  may  even 
show  signs  of  life  at  birth ;  yet  it  invariably 
dies  in  a  few  minutes  or  at  most  hours  there- 
after. The  potential  mortality  became  real  at 
birth.  It  is  in  virtue  of  this  effect  of  the 
placenta  that  grossly  malformed  embryos  are 
carried  through  the  foetal  period  of  intra-uterine 
life  and  brought  to  the  light ;  perhaps  the 
mother  is  thus  saved  from  the  dangers  of  intra- 
uterine death  or  premature  delivery.  Again, 
the  placenta  acts  sometimes,  at  least,  as  a 
barrier  preventing  the  access  of  poisons  and 
toxines  circulating  in  the  maternal  system  to 
the  foetal  economy.  It  has  been  shown  that 
in  the  lower  animals,  at  any  rate,  the  placenta 
has  a  real  affinity  for  some  toxic  bodies,  and 
by  storing  them  up  in  its  substance  prevents 
them  passing  to  the  foetus.  In  this  respect  it 
resembles  the  action  of  the  liver  in  the  adult, 
being  an  accumulator  of  poisons.  Of  course  it 
does  not  necessarily  prevent  their  passage, 
although  it  may  store  them  up.  With  regard 
to  the  effect  of  the  placenta  in  keeping  back 
microbes  from  the  foetus  there  is  still  much 
imcei'tainty.  The  idea  that  it  acts  always  as 
a  filter  must  be  abandoned ;  that  it  acts  often 
as  a  prophylactic  barrier  is  also  open  to  grave 
doubt.  Bacteriological  researches  have  shown 
that  through  it  can  pass  the  bacilli  of  anthrax, 
of  fowl  cholera,  and  of  typhoid  fever,  the 
pneumoccus,  the  streptococcus,  the  spirillum 
Obermeyeri,    the    bacillus    of   glanders,  the 


pathogenic  organism  of  hydrophobia,  and  per- 
haps the  haematozoon  of  malaria.  So  we  have 
now  to  look  at  the  opposite  side  of  the  question, 
viz.  the  placenta  as  a  means  of  access  of  germs 
and  toxines  to  the  foetus.  It  is  certainly  the 
chief  if  not  the  only  avenue  of  entrance  to  the 
foetal  economy ;  for  it  cannot  be  accepted  that 
substances  often  pass  by  the  membranes  into 
the  liquor  amnii,  and  are  then  swallowed  and 
so  reach  the  interior  of  the  unborn  infant.  It 
would  seem  also  that  it  is  not  necessary  for  the 
placenta  to  be  macroscopically  diseased,  as  by 
hsemorrhage  into  its  substance,  in  order  that 
the  organisms  may  pass  ;  in  fact,  in  some  cases 
in  which  the  germs  have  passed,  the  placental 
tissue  does  not  appear  to  have  been  even 
microscopically  afit'ected.  It  cannot  be  said 
that  the  conditions  which  increase  or  diminish 
placental  permeability  are  yet  well  known ;  but 
one  or  two  important  conclusions  have  been 
arrived  at.  It  is,  for  instance,  apparent  from 
the  study  of  the  comparative  anatomy  of  the 
placenta  that  its  permeability  must  vary  in 
different  species  with  the  thickness  of  tissue 
intervening  between  the  maternal  and  foetal 
circulations  ;  in  this  respect  it  would  appear, 
from  the  extensive  researches  of  Duval,  that 
the  human  placenta  occupies  an  intermediate 
position  between  that  of  the  rodents  and  that 
of  the  ruminants.  Again,  there  is  reason  to 
believe  that  placental  permeability  varies  with 
the  epoch  of  pregnancy  reached.  It  would 
seem  also,  although  the  evidence  rests  on  ex- 
periments on  animals  and  not  on  observations 
on  the  human  subject,  that  the  presence  in  the 
blood  of  toxines,  as  tuberculine,  or  of  alcohol, 
inci-eased  the  permeability  of  the  placenta, 
while  the  previous  inoculation  of  the  system 
with  an  antiseptic,  such  as  corrosive  sublimate, 
made  it  more  difficult  for  the  germs  to  pass. 
The  fact  that  it  is  through  the  placenta  that 
infection  reaches  the  foetus  has  an  important 
bearing  upon  the  position  of  primary  lesions 
in  the  foetus.  The  germs  and  toxines  arrive 
at  the  body  in  the  blood,  passing  first  through 
the  placenta  and  umbilical  vein,  then  either 
through  the  liver  or  ductus  venosus,  then 
through  the  heart,  and  so  to  the  whole  circu- 
lation. It  is  no  matter  for  wonder,  therefore, 
that  the  primary  pathological  changes  are 
commonly  found  in  the  liver  or  heart,  or 
placenta  itself.  Congenital  tuberculosis  is  not 
often  met  with,  but  when  it  has  been  demon- 
strated it  has  been  noted  that  the  lesions  were 
inconsiderable  in  the  lungs  and  very  extensive 
in  the  liver  and  spleen.  Again,  erysipelas  in 
the  mother  has  been  found  associated  with 
streptococcic  endocarditis  in  the  foetus,  and  not 
with  erysipelatous  inflammation  of  the  foetal 
skin.  The  placenta  has  been  already  referred 
to  as  the  most  important  organ  of  the  fatal 
economy ;  for  this  very  reason  morbid  changes 
in  it  are  very  immediately  prejudicial  to  the 
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foetus.  The  healthy  placenta  may  enable  a 
diseased  foetus  long  to  survive,  but  when  it  is 
itself  the  seat  of  disease  it  is  very  often  the 
cause  of  foetal  death  or  of  premature  delivery. 
In  order,  therefore,  to  arrive  at  the  cause  of 
intra-uterine  death  it  is  very  important  to  have 
the  placenta  for  examination.  While  the 
placenta  and  the  intra-uterine  environment 
serve  to  account  for  some  of  the  peculiarities  of 
foetal  maladies  they  leave  unexplained  not  a  few. 
Many  of  these  are  due  to  the  projection  into 
foetal  pathology  of  the  results  of  embryonic 
pathology.  There  is  good  reason  for  believing 
that  malformations  and  monstrosities  are  the 
product  of  morbid  agencies  acting  on  the 
organism  during  the  embryonic  period,  and  the 
foetus  may  therefore  come  into  its  epoch  of 
intra-uterine  existence  with  pathological  states 
in  it  which  are  really  embryonic.  These  must 
necessarily  modify  the  morbid  conditions  which 
are  superposed  during  the  foetal  period,  and 
foetal  diseases  are  affected  in  their  manifestations 
by  pre-existing  malformations.  Further,  it  is 
more  than  probable  that  the  malformations 
themselves  are  altered  in  some  respects  by  the 
diseases  which  supervene.  It  is,  therefore,  not 
to  be  wondered  at  that  foetal  maladies  have 
certain  peculiarities  which  serve  to  distinguish 
them  from  the  diseases  of  post-natal  life. 

The  diagnosis  of  foetal  diseases  while  the 
foetus  affected  by  them  is  still  in  utero  is  an 
exceedingly  difficult  matter ;  even  the  Rdntgen 
rays  have  not  as  yet  done  much  to  pierce  the 
obscurity  which  surrounds  foetal  morbid  pro- 
cesses, for  the  ossification  of  the  unborn  infant 
is  incomplete,  and  the  mother's  pelvis  throws  a 
dark  shadow.  Some  little  progress  has,  how- 
ever, been  made  in  this  exceedingly  difficult 
field  of  clinical  investigation.  Since  the  infant 
is  in  close  relation  to  the  chemical  and  vital 
processes  going  on  in  the  body  of  its  mother,  a 
full  consideration  of  all  these  processes,  as  they 
show  themselves  in  the  general  maternal  health, 
cannot  fail  to  throw  some  light  upon  the  general 
foetal  health.  The  better  the  state  of  health  of 
both  parents  the  more  likely  it  will  be  that  the 
progeny  will  pass  through  intra-uterine  life 
without  illnesses.  It  is  necessary,  therefore,  in 
the  first  place,  to  take  into  account  the  past 
history  of  the  parents  ;  especially  is  it  important 
to  investigate  the  past  obstetrical  history  of  the 
mother,  for  foetal  diseases  often  show  a  curious 
tendency  to  repeat  themselves  in  consecutive 
pregnancies.  This  repeating  tendency  has  been 
noted  in  general  foetal  dropsy  and  in  foetal 
ichthyosis,  and  it  is,  of  course,  evident  in  foetal 
syphilis.  It  may  be  mentioned  in  passing  that 
the  same  phenomenon  has  been  remarked  in 
teratology ;  women,  who  may  in  consequence  be 
called  monstriparse,  having  been  known  to  give 
birth  to  several  monstrosities  in  succession. 
The  influence  of  the  father  sometimes  makes 
itself  felt,  for  cases  are  on  record  in  which  a 
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woman  has  had  healthy  children  by  a  first 
husband,  and  dropsical  or  ichthyotic  ones  by  a 
second,  her  own  health  having  continued  appar- 
ently unaltered.  It  is  necessary  also  to  inquire 
into  the  symptomatology  of  pregnancy,  for  ab- 
normal intra-uterine  conditions  sometimes  give 
evidence  of  their  presence  by  alterations  in  the 
normal  manifestations  of  gestation.  Unusually 
active  or  unusually  inactive  foetal  movements, 
may  occur  in  foetal  disease,  and  I  have  the 
notes  of  a  case  of  foetal  singultus  diagnosed  by 
the  peculiarity  of  the  movements  made  by  the 
infant  still  in  utero.  All  matters,  such  as  the 
exposure  of  the  mother  to  infection  or  to  traum- 
atism during  pregnancy,  ought  to  be  noted. 
The  fact  that  she  herself  is  suffering  from 
malaria,  smallpox,  measles,  scarlet  fever, 
typhoid,  and  the  like,  is  strong  presumptive 
evidence  that  her  infant  in  utero  is  similarly 
affected.  In  cases  of  general  tuberculosis  of  an 
advanced  type,  it  is  now  known  to  be  possible 
for  the  foetus  also  to  be  tubercular.  The  actual 
examination  of  the  mother,  and  especially  of 
her  abdomen,  may  give  some  hint  as  to  the 
state  of  the  unborn  infant.  Thus  the  presence 
of  hydx-amnios  has  been  found  to  be  very  con- 
stantly associated  with  an  intra-uterine  path- 
ological state,  either  of  the  nature  of  a  disease  or 
a  monstrosity,  and  hydramnios  can  generally  be 
diagnosed  by  careful  examination.  Again,  it 
has  been  noted  that  occasionally  the  foetal  heart 
sounds  have  been  impure,  and  the  diagnosis  of 
foetal  heart  disease  or  malformation  has  on 
several  occasions  been  made  and  confirmed 
after  the  birth  of  the  child.  During  labour  it 
is  sometimes  possible  to  diagnose  a  foetal 
disease,  and  even  then  the  diagnosis  is  not 
without  value,  for  it  enables  the  medical  man  to 
forewarn  the  interested  parties  of  the  state  of 
matters,  and  so  save  himself  in  some  measure 
from  the  reproach  attaching  to  the  unexpected 
advent  of  a  diseased  infant.  The  diagnosis  of 
intra-uterine  death  will  be  considered  later. 

Intra-uterine  therapeutics  is  a  subject  which 
has  as  yet  made  little  progress,  and  it  can 
hardly  be  expected  to  make  much  until  intra- 
uterine diagnosis  has  been  perfected.  Never- 
theless, in  some  few  directions  the  outlook  is  in 
some  degree  hopeful.  The  study  of  foetal 
pathology  has  shown  that  it  is  dangerous  for 
the  pregnant  woman  to  expose  herself  to  the 
infection  of  the  exanthemata,  even  if  she  her- 
self have  suffered  previously  from  the  special 
fever  in  question,  for  her  acquired  immunity 
does  not  extend  to  her  unborn  infant.  In  the 
presence  of  an  epidemic  of  variola,  the  vaccina- 
tion of  the  pregnant  woman  becomes  a  rightful 
precaution,  not  so  much  for  her  own  sake  as  for 
that  of  her  foetus,  for  it  has  been  shown  that 
sometimes  the  latter  is  thus  rendered  immune 
to  subsequent  vaccination,  and  therefore  prob- 
ably to  smallpox.  In  the  same  way  quinine 
may  be  given  to  the  pregnant  woman  sur- 
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rounded  with  the  malarial  poison.  The  giving 
of  mercury  to  the  syphilitic  mother  for  her  own 
sake,  but  also  for  that  of  her  unborn  infant, 
need  not  be  specially  referred  to,  for  it  is  an 
everyday  matter  in  practice ;  but  it  is  well  to 
remember  that  when  the  father  alone  is  affected, 
it  is  still  right  to  administer  mercury  to  the 
mother  when  pregnant  for  the  purpose  of 
directly  acting  on  the  child.  Chlorate  of  potash 
is  a  drug  which  has  a  good  effect  upon  certain 
abnormal  intra-uterine  states,  such  as  the  tend- 
ency to  habitual  abortion  or  premature  labour ; 
possibly  it  proves  beneficial  by  its  action  on  the 
placenta  ;  it  may  be  combined  with  iron  with 
advantage.  There  are  certain  cases  in  which, 
on  the  other  hand,  it  may  be  good  treatment  to 
induce  labour  before  the  full  time,  in  order  to 
save  the  infant  from  a  malady  which  has  been 
shown  to  come  on  about  the  last  month  of 
intra-uterine  life,  and  the  same  course  has  been 
taken  when  a  woman  has  on  previous  occasions 
given  birth  to  infants  which  die  in  labour  simply 
on  account  of  their  post-mature  development. 

Special  Diseases  of  the  F(etus 
The  individual  diseases  of  the  fcetus  cannot 
all  be  considered  in  this  article,  for  that  would 
entail  the  writing  of  a  system  of  antenatal 
medicine ;  it  will  suffice  if  the  maladies  whose 
pathology  differs  most  markedly  from  that  of 
post-natal  life  be  dealt  with.  The  first  that 
call  for  description  are  the  idiopathic  diseases 
of  the  skin. 

Skin  Affections.  —  Foetal  ichthyosis  {major 
degree)  is  one  of  the  most  deforming  of  all  the 
congenital  skin  affections.  It  is  histologically 
a  hyperkeratosis,  and  is  characterised  by  the 
existence  all  over  the  body  of  horny  epidermic 
plates,  separated  from  each  other  by  narrow 
fissures  or  deep  and  broad  grooves  ;  this  gives 
to  the  infant  the  appearance  which  has  earned 
for  him  the  name  of  "  harlequin  foetus."  The 
mouth,  eyes,  and  anus  show  ectropion,  and  the 
nose,  ears,  and  limbs  are  more  or  less  stunted 
in  their  growth  from  the  compression  exercised 
upon  them  by  the  thickened  epidermis.  The 
disease  has  shown  family  prevalence,  that  is  to 
say,  several  infants  of  the  same  parents  have 
been  affected  with  it.  It  is  not  compatible 
with  extra-uterine  life,  for  in  all  the  recorded 
cases  death  has  followed  birth  within  a  few 
hours,  or  at  most  days.  Lactation  is  always 
much  interfered  with  by  the  state  of  the  mouth. 
The  horny  layer  of  the  epidermis  is  enormously 
thickened  ;  this  is  the  most  characteristic  lesion, 
and  justifies  the  name  ichthyosis,  although  in 
its  adult  form  ichthyosis  never  approaches  in 
severity  to  the  fcetal. 

Foetal  ichthyosis  [minor  degree)  is  character- 
ised \>y  the  birth  of  an  infant  which  appears  as 
if  it  were  coated  all  over  with  a  layer  of  col- 
lodion. In  a  short  time  desquamation  begins, 
and  may  go  on  more  or  less  continuously  for 


years.  There  is  not  usually  much  ectropion  of 
the  eyes  and  mouth,  but  cases  have  been  re- 
ported showing  the  intermediate  degrees  be- 
tween thisj  the  benign,  and  the  more  grave 
type  of  foetal  ichthyosis  which  has  been 
described  above.  It  is  not  incompatible  with 
a  prolonged  extra-uterine  existence,  and  is  cap- 
able of  showing  improvement  under  suitable 
treatment  by  warm  alkaline  baths  and  inunction 
with  lanoline  or  glycerine. 

Ichthyosis  herpetiformis  is  characterised  by 
the  presence  of  papillomatous  growths,  dis- 
tributed along  the  line  of  one  or  more  of  the 
cutaneous  nerves,  usually  limited  very  exactly 
to  one  side  of  the  body,  and  more  or  less  pig- 
mented. To  this  condition  many  names  have 
been  given,  such  as  nervenaevus,  nsevus  neur- 
oticus unius  lateris,  ichthyosis  linearis  neuro- 
pathica,  and  papilloma  neuroticum  ;  and  it  may 
be  regarded  as  a  localised  form  of  congenital 
ichthyosis  hystrix.  It  has  been  ascribed  to 
foetal  herpes  zoster.  Division  of  the  nerve  sup- 
plying the  affected  area  has  been  followed  by 
cure. 

Tylosis  palmoe  et  plantoe  is  another  form  of 
hyperkeratosis,  but  it  is  limited  in  distribution 
to  the  palms  of  the  hands  and  soles  of  the  feet. 
It  is  very  markedly  hereditary.  The  lesion 
exists  at  birth,  but  only  becomes  evident  when 
pressure  on  the  parts  becomes  considei'able. 
It  has  been  also  called  ichthyosis  palmaris  et 
plantaris  and  keratoma  plantare  et  palmare. 
Improvement  may  be  obtained  by  painting  the 
surface  with  a  solution  of  salicylic  acid  in 
ether  (5  per  cent). 

Foetal  keratolysis,  or  desquamation  of  the 
cuticle,  is  a  normal  phenomenon  at  the  end  of 
the  first  week  of  life,  but  it  is  exceptional  to  find 
it  in  the  infant  at  the  moment  of  birth.  When 
it  is  met  with  in  the  foetus  it  may  signify  foetal 
measles,  scarlatina,  erysipelas,  syphilis,  ana- 
sarca, or  simply  post-maturity  of  the  infant. 
Antenatal  desquamation  of  the  cuticle  has  by 
some  been  regarded  as  a  certain  sign  of  foetal 
death,  but  it  is  undoubtedly  found  occasionally 
in  the  living  infant. 

Congenital  hypertrichosis,  or  abnormal  hairy- 
ness,  may  be  general  or  local.  In  the  former 
there  is  a  persistence  of  the  general  lanugo- 
covering  of  middle  foetal  life,  and  individuals 
thus  affected  are  known  as  "hairy  men," 
"  missing  links,"  and  "hommes-chiens."  There 
is  sometimes  defective  development  of  the  teeth. 
Localised  hirsuties  has  its  commonest  form  in 
the  well-known  hairy  ncevus  or  mole.  It  occurs 
on  the  face,  back,  or  limbs,  and  may  be  associ- 
ated with  defects  of  the  skeleton,  such  as  spina 
bifida  occulta  and  encephalocele.  It  is  often 
ascribed  to  the  so-called  maternal  impressions. 
The  condition  is  of  importance  only  on  account 
of  the  deformity  which  it  causes,  and  successful 
treatment  by  means  of  electricity  or  the  Rdntgen 
rays  may  be  obtained. 
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Congenital  alopecia,  or  hypotrichosis,  may  also 
be  general  or  local ;  the  former  is  commonly 
hereditary,  and  the  latter  is  due  to  causes  which 
are  not  at  all  well  known,  but  which  have  some- 
times been  thought  to  include  the  antenatal 
spontaneous  cure  of  a  vascular  nsevus.  Dental 
defects  may  be  associated. 

Pigmentary  anomalies  of  the  skin  are  some- 
times met  with  at  birth.  Among  these  chrom- 
atoses  must  be  reckoned  the  well-known  7icevus 
pigme7itos2is  and  the  rare  general  melanoderma, 
in  both  of  which  there  is  an  excess  of  pig- 
ment in  the  cutaneous  tissues.  The  pigment 
may,  on  the  other  hand,  be  absent  either  in 
restricted  areas  of  the  body,  as  in  the  white 
streaks  (sometimes  unilateral)  seen  sometimes 
in  dark-skinned  peoples,  or  as  a  general  affection 
in  albinism. 

Congenital  pemphigus  generally  points  to 
syphilis,  but  may  sometimes  be  due  apparently 
to  a  prenatal  abnormal  tendency  to  the  forma- 
tion of  bullse  quite  apart  from  the  infection 
with  syphilis.  During  birth  the  bullse  are 
commonly  ruptured  and  the  epidermis  removed, 
producing  the  appearance  of  bare  areas. 

Congenital  absence  of  the  skin  and  congenital 
ulcers  have  quite  a  different  mode  of  origin. 
They  probably  occur  when  there  have  been 
adhesions  between  the  amnion  and  the  foetal 
skin  (sometimes  of  a  tubular  nature),  and 
these  being  torn  through  in  the  act  of  parturi- 
tion, areas  of  denuded  skin  are  left  to  mark  the 
site  of  the  amniotic  union.  They  are  of  some 
medico-legal  importance,  as  they  may  simulate 
the  results  of  traumatism. 

Foetal  Bone  Diseases  are  very  difficult  to  re- 
duce to  the  terminology  of  adult  osseous  lesions, 
for  the  reason  that  before  birth  the  skeleton  is  not 
yet  fully  developed.  This  fact  in  part  accounts 
for  the  multiplicity  of  names  which  have  been 
given  to  the  foetal  maladies  of  bone,  such  as 
chondrodystrophia,  periosteal  aplasia,  foetal 
rickets,  achondroplasia,  and  osteopsathyrosis. 
Until  their  pathology  has  been  more  fully  in- 
vestigated, they  may  all  be  included  under  the 
one  name  of  osteogenesis  imperfecta.  In  some 
cases  there  has  been  found  to  be  a  defect  in  the 
endochondral  ossification  alone,  in  others  in  the 
periosteal  alone  ;  in  yet  other  cases  the  anomaly 
consists,  not  in  defect,  but  in  excess  of  formation 
of  one  part  of  the  bones,  and  hypertrophy  of 
the  cartilage  with  absence  of  true  bone  forma- 
tion has  been  observed.  The  connection  of 
these  maladies  with  rickets  is  problematical ; 
at  the  same  time  it  must  not  be  forgotten  that 
true  rickets  is  occasionally  present  at  birth. 
The  clinical  manifestations  of  osteogenesis  im- 
perfecta consist  in  friability  of  the  bones,  show- 
ing itself  in  the  occurrence  of  fractures,  which 
sometimes  are  very  numerous,  and  which  speci- 
ally affect  the  long  bones ;  in  stunting  in  the 
growth  of  the  bones  of  the  limbs,  sometimes 
masked  by  excessive  proliferation  of  the  cartil- 


age of  the  epiphyses ;  and  in  malformations  of 
the  cranial  bones,  such  as  the  premature  ossifica- 
tion and  consequent  shortening  of  the  bones  of 
the  basis  cranii  (formation  of  the  os  tribasilare). 
The  malady  of  the  bones  is  not  always  incompat- 
ible with  extra-uterine  life,  as  is  shown  by  the 
existence  of  adult  achondroplasiacs.  Cases 
have  even  occurred  in  which  an  achondroplasiac 
mother  has  given  birth  to  an  infant  suffering 
from  the  same  affection  of  the  skeleton  as  the 
parent.  Charrin  and  Gley  have  succeeded  in 
experimentally  producing  lesions  of  the  foetal 
skeleton  resembling  rickets  in  rabbits  by  sub- 
mitting the  parent  animals  to  the  influence  of 
the  toxines  of  the  bacilli  of  diphtheria,  tubercle, 
and  blue  pus.  In  the  human  subject  it  must 
be  confessed  that  sometimes  the  parents  of 
infants  born  with  foetal  bone  disease  have  been 
apparently  perfectly  healthy.  General  foetal 
dropsy  and  so-called  foetal  rickets  have  been 
associated  in  the  same  case  more  than  once. 

Diseases  op  the  Subcutaneous  Tissue  are 
not  uncommon  in  the  foetus,  and  their  char- 
acters are  somewhat  modified  by  the  circum- 
stance that  the  structures  affected  are  in  an 
incompletely  developed  state.  The  most  im- 
portant is  general  foetal  dropsy  or  anasarca.  It 
is  probably  to  be  regarded  rather  as  a  symptom 
of  various  foetal  morbid  states  than  as  a  distinct 
pathological  entity.  It  is  characterised  by  the 
existence  of  general  anasarca,  and  by  the 
presence  of  fluid  in  the  peritoneal,  pleural,  and 
pericardial  sacs  ;  there  is  usually  oedema  of  the 
placenta  also.  The  dropsy  may  be  so  marked 
as  to  give  a  monstrous  appearance  to  the  foetus 
and  to  obstruct  delivery.  In  its  advanced  form 
the  disease  is  quite  incompatible  with  extra- 
uterine life.  Family  prevalence  has  been  noted. 
The  mother  is  not  uncommonly  dropsical  also, 
and  she  may  be  the  subject  of  cardiac,  renal,  or 
hepatic  disease  ;  hydramnios  is  an  almost  con- 
stant concomitant.  It  would  seem  that  in  some 
cases  a  purely  foetal  cause  of  the  dropsy  is  in 
existence,  such  as  premature  closure  of  the 
foramen  ovale,  absence  of  the  thoracic  duct, 
foetal  leuksemia,  and  cystic  degeneration  of  the 
kidneys ;  but  in  other  instances  a  maternal 
cause  has  to  be  looked  for,  such  as  anaemia, 
nephritis,  or  malaria.  Some  observers  have  re- 
garded dropsy  of  the  placenta  as  the  starting- 
point  of  the  whole  morbid  process.  It  is 
evident,  however,  that  the  dropsy  is  only  a 
symptom,  and  may  be  due  to  a  number  of 
pathogenic  circumstances.  In  its  most  deform- 
ing degree  general  dropsy  is  met  with  in  the  twin 
foetus,  especially  in  the  allantoido-angiopagous 
twin  or  placental  parasite.  No  treatment  has 
yet  been  successful  in  preventing  or  in  curing 
the  malady,  although  chlorate  of  potash  and 
iron  in  one  case  seemed  to  prevent  the  occur- 
rence of  premature  labour,  which  is  often  the 
termination  of  a  gestation  in  which  the  foetus 
is  dropsical. 
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Congenital  cystic  ele])hantiasis  is  a  malady 
which  in  some  particulars  resembles  general 
foetal  dropsy.  In  it,  however,  the  subcutaneous 
tissue  contains  numerous  cysts  containing  clear 
serous  or  curd-like  matter,  and  the  resulting 
deformity  is  greater.  It  may  be  generalised, 
but  more  commonly  it  is  widespread  without 
being  quite  universal  in  distribution ;  in  other 
cases  it  is  restricted  to  a  special  region  of  the 
body,  such  as  the  head  and  neck.  It  consists 
in  dilatation,  or  in  dilatation  and  occlusion  of 
the  lymphatic  vessels  and  spaces ;  and  the 
dropsy  which  results  is  generally  gelatinous  in 
its  character — hence  the  name  hydrops  anasarca 
gelatinosa,  sometimes  given  to  it.  Premature 
birth  is  the  usual  clinical  result  of  this  disease. 
The  mother  may  show  albuminuria  and  hydram- 
nios,  but  the  relation  of  these  conditions  and 
the  foetal  state  is  not  clear. 

The  name  congenital  elephantiasis  is  usually 
given,  not  to  the  cystic  form  which  has  just 
been  described,  but  rather  to  the  fibrous  or 
telangiectatic  or  neuromatous  varieties.  In 
these  there  is  a  more  or  less  localised  thick- 
ening of  the  subcutaneous  tissue,  with  nsevus- 
like  vascularity  of  the  part,  and  sometimes 
with  a  distribution  specially  following  certain 
nerves.  The  malady  is  quite  compatible  with 
extra-uterine  life,  and  in  some  instances  has  been 
cured  by  elastic  pressure.  In  some  instances, 
as  in  the  case  reported  by  Mainzer  {Deutsche 
med.  Wochnschr.  xxv.  436,  1899),  the  resem- 
blance to  elephantiasis  Arabum  of  the  adult 
is  very  close,  and  some  have  held  that  it  is 
really  the  congenital  form  of  that  disease.  A 
case  has  been  reported  in  which  a  woman  dur- 
ing pregnancy  suffered  on  several  occasions 
from  lymphangitis ;  her  infant  at  birth  showed 
enlargement  of  one  leg,  and  blood  taken  from  the 
leg  revealed  groups  and  chains  of  the  strepto- 
cocci of  Fehleisen ;  the  conclusion  drawn  was 
that  during  the  maternal  lymphangitic  attacks 
streptococci  passed  through  the  placenta  into 
the  foetal  circulation.  This  malady  is  associ- 
ated in  some  way  with  the  condition  of  uni- 
lateral hypertrophy  which  is  occasionally  met 
with,  and  in  which  the  distribution  of  the 
enlargement  is  exactly  limited  by  the  middle 
line  of  the  body. 

Atrophic  conditions  of  the  subcutaneous  tissue 
are  sometimes  found  as  congenital  states. 
There  may  be  a  total  absence  of  the  subcutane- 
ous fat,  and  this  anomaly  may  persist  until  adult 
life  is  reached,  when  the  individual  affected  is 
described  as  a  "  living  skeleton."  A  condition 
which  is  probably  closely  allied  is  cutis  laxa  or 
dermatolysis{\N\\}a.QW.\j  tumour  formations).  The 
so-called  "  elastic -skinned  men"  exhibited  at 
fairs  and  shows  are  instances  of  this  curious  con- 
dition of  the  subcutaneous  tissue  which  micro- 
scopic examination  has  shown  to  be  atrophy 
of  the  connective  tissue  bundles  of  the  skin 
with  a  transformation  of  the  firm  tissue  of 


the  dermis  into  an  unformed  myxoma-like 
structure. 

Foetal  ascites  and  perit07iitis  often  co-exist  in 
the  foetus ;  in  fact  ascites  is  rarely  due  to 
obstruction  of  the  portal  circulation  in  ante- 
natal life,  for  the  reason  that  the  portal  circu- 
lation is  rudimentary  then,  and  it  thus  happens 
that  it  is  most  commonly  caused  by  peritonitis. 
Sometimes  the  abdominal  distension  thus  pro- 
duced is  so  great  as  to  impede  and  even  to 
prevent  the  birth  of  the  infant  altogether ;  as 
much  as  five  or  six  litres  of  fluid  have  been 
found  in  the  abdominal  cavity.  Usually  the 
child  is  still-born  or  has  to  be  killed  during 
labour  to  diminish  its  bulk,  but  there  are  cases 
on  record  in  which  puncture  of  the  abdomen 
has  been  followed  by  recovery.  Hydramnios  is 
not  uncommonly  associated  with  peritonitic 
ascites,  and  the  association  with  malformations 
of  the  intestines  and  genito-urinary  organs  is  also 
noteworthy.  Foetal  peritonitis  is  not  always 
accompanied  with  effusion,  and  a  case  has 
been  reported  in  which  there  were  traces  of  at 
least  two  attacks  of  dry  peritonitis  in  the  same 
foetus.  The  cause  of  the  peritoneal  inflam- 
mation is  seldom  clear;  in  some  cases  it  has 
been  ascribed  to  syphilis,  but  in  others  there  is 
absence  of  all  signs  pointing  to  this  cause. 
The  writer  has  met  with  an  instance  in  which 
the  mother  had  been  subject  to  the  infection  of 
measles  during  the  last  weeks  of  her  pregnancy, 
and  the  foetus  had  peritonitis.  Distension  of 
the  urinary  bladder  is  sometimes  associated 
with  peritonitis ;  there  may  then  be  either 
hydramnios  or  oligo-hydramnios. 

Foetal  endocarditis  is  of  importance  as  the 
cause  of  morbus  coeruleus  in  infancy  and  child- 
hood. It  must,  however,  be  remembered  that 
it  is  not  certain  that  all  cardiac  anomalies  are 
due  to  inflammation  affecting  the  heart ;  some 
malformations  arise  directly  as  such  in  the 
embryonic  period  of  antenatal  life.  The  origin 
of  foetal  endocarditis  has  been  a  subject  about 
which  doubt  has  existed  ;  but  it  has  recently 
been  shown  that  it  may  originate  from  the 
passage  of  germs  from  the  mother  to  the  foetus 
through  the  placenta.  In  a  case  of  maternal 
erysipelas  reported  by  Bidone,  the  foetus  was 
found  to  be  the  subject  of  streptococcic  endo- 
carditis, and  it  is  px'olDable  that  the  strej^tococci 
found  their  way  directly  to  the  heart  through 
the  umbilical  vein  and  ductus  venosus.  In  the 
same  way,  in  a  case  of  foetal  tuberculosis  it  was 
evident  that  bacilli  had  made  their  entrance 
into  the  heart  and  had  set  up  tubercular 
endocarditis. 

The  Transmitted  Diseases  of  the  Fcetus 
form  an  increasingly  large  group,  and  some 
maladies  which  were  formerly  regarded  as  idio- 
pathic are  now  coming  to  be  regarded  as  trans- 
mitted. Examples  of  this  transference  are 
found  in  endocarditis  and  elephantiasis,  which 
have  just  been  described.    In  addition  to  these 
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there  are  syphilis,  the  exanthemata,  malaria, 
sepsis,  tubercle,  and  possibly  rheumatism.  In 
an  earlier  part  of  this  article  the  question  of 
the  mode  of  transmission  of  diseases  from 
mother  to  foetus  was  considered,  and  reference 
was  also  made  to  some  of  the  peculiarities 
of  the  exanthemata  as  developed  antenatally ; 
these  matters  need  not  be  returned  to  here. 

Foetal  syphilis  may  be  due  to  infection  from  a 
syphilitic  mother  through  the  placenta ;  appar- 
ently it  may  also  be  the  result  of  sperm  infec- 
tion, without  the  intervention  of  the  mother. 
A  common  result  of  foetal  syphilis  is  premature 
labour,  and  the  pregnancy  thus  terminated  may 
have  been  complicated  with  hydramnios.  The 
infant  may  be  dead  at  birth,  and  then  shows 
the  appearances  of  intra-uterine  post-mortem 
maceration ;  or  it  may  be  born  alive  without 
any  sign  such  as  is  usually  regarded  as  syphilitic, 
but  with  congenital  weakness,  which  usually 
proves  fatal  in  a  few  days  or  weeks  ]  or,  again, 
it  may  be  born  with  the  bullte  of  pemphigus, 
or  the  desquamation  of  ichthyosis,  or  with 
internal  pathological  changes,  especially  of  the 
liver  and  bones,  which  are  commonly  regarded 
as  syphilitic ;  or,  yet  again,  it  may  show  at 
birth  malformations  of  various  kinds,  and  may 
be  even  the  subject  of  a  monstrous  development, 
circumstances  which  are  now  coming  to  be 
looked  upon  as  the  stigmata  of  embryonic 
syphilis.  The  placenta  is  often  diseased,  but 
it  is  difficult  to  be  certain  whether  a  typical 
syphilitic  placental  lesion  exists  ;  the  afterbirth 
is  often  large,  friable,  ansemic,  and  shows  on 
section  fibrous  patches,  along  with  areas  which 
have  a  fatty  appearance.  The  umbilical  cord 
is  often  thicker  than  normal.  The  protean 
character  of  the  phenomena  of  adult  syphilis 
is  amply  foreshadowed  in  foetal  syphilis.  The 
treatment  of  foetal  syphilis  may  be  commenced 
before  birth,  for  if  the  mother  or  the  father  be 
syphilitic  it  has  been  shown  to  be  advisable  to 
administer  mercury  to  the  mother  during  the 
whole  term  of  her  pregnancy ;  even  if  the 
mother  have  apparently  escaped  the  infection 
the  same  treatment  is  to  be  pursued  for  the 
sake  of  the  foetus,  which  may  be  syphilitic  in 
virtue  of  infection  conveyed  direct  to  it  through 
the  spermatozoa  of  the  syphilitic  father. 

Various  infectious  fevers  may  affect  the  foetus 
in  utero,  and  cases  are  on  record  of  foetal  small- 
pox, measles,  scarlet  fever,  varicella,  typhoid 
fever,  erysipelas,  and  influenza.  In  most  of 
the  reported  cases  the  mother  has  been  also  a 
suff"erer  from  the  fever  in  question,  but  it  does 
not  appear  to  be  necessary  that  she  must  always 
be  so,  for  a  mother  rendered  immune  to  small- 
pox by  a  previous  attack  or  by  vaccination 
may  escape  infection,  while  her  unborn  infant 
takes  the  malady  and  is  expelled  in  time  with 
the  eruption  or  the  cicatrices  of  variola  upon 
him.  The  infection  is  probably  always  con- 
veyed through  the  placenta,  and  in  such  a 


fever  as  typhoid,  where  the  micro-organism  is 
known  and  can  be  recognised,  bacterial  investi- 
gations make  plain  the  avenue  of  invasion  of 
the  bacilli.  It  is  true  that  foetal  typhoid  differs 
in  certain  details,  such  as  the  rarity  of  the 
intestinal  lesions  typical  of  the  adult  form  of  the 
malady,  but  this  is  explicable  on  the  general 
principles  which  govern  intra-uterine  infection. 
It  has  been  recently  shown  that  the  blood 
serum  of  the  foetus  of  a  woman  suffering  from 
typhoid  gives  the  Widal  typhoid  reaction  quite 
distinctly.  There  is  some  evidence  to  prove 
that  infectious  fevers  in  the  foetus  may  have 
effects  which  project  themselves  beyond  the 
birth  of  the  infant  far  into  post-natal  life ;  it 
is  possible,  for  instance,  that  some  of  the  so- 
called  obstetric  paralyses  may  have  such  an 
origin.  This  supposition  is  supported  by  an 
observation  made  by  Osier,  in  which  a  pregnant 
woman  suffering  from  typhoid  fever  died  without 
the  supervention  of  labour  pains,  and  in  the 
foetus,  removed  from  her  uterus  post-mortem, 
a  well-marked  haemorrhage  was  discovered  in 
the  centrum  ovale  of  the  cerebrum.  The  blood 
effusion  may  have  been  due  to  the  maternal 
typhoid ;  at  the  same  time  it  may  also  have 
been  syphilitic,  for  the  woman  was  the  subject 
of  lues ;  but  it  certainly  was  not  caused  by 
compression  of  the  foetal  head,  for  there  had 
not  been  even  the  commencement  of  labour  at 
the  time  the  woman  died.  An  interesting  fact 
has  been  brought  out  with  regard  to  foetal 
measles,  and  probably  the  same  is  true  of  other 
foetal  fevers,  to  wit,  that  the  infection  of  the 
foetus  and  the  mother  would  appear  to  V)e 
simultaneous,  for  the  lesions  in  the  foetus, 
when  it  is  expelled  from  the  uterus,  show  the 
same  stage  of  the  disease  as  those  in  the  mother  ; 
further,  when  intra-uterine  death  has  occurred 
it  would  seem  that  at  the  moment  of  death  the 
fever  in  the  foetus  had  reached  the  same  stage 
as  in  the  mother.  The  number  of  observed 
cases  of  foetal  fevers  is  as  yet  small,  a  circum- 
stance due  in  no  small  degree  to  the  difficulty 
of  diagnosis,  for  it  must  be  remembered  that 
the  physiological  erythema  and  desquamation 
of  the  cuticle  of  the  skin  of  the  new-born  infant 
are  apt  to  prevent  the  recognition  of  fevers 
having  these  very  cutaneous  alterations  as  their 
leading  features.  At  the  same  time,  a  very 
considerable  literature  has  grown  up  around 
foetal  smallpox ;  in  fact,  it  would  seem  as  if 
all  the  possibilities  with  regard  to  this  malady 
had  been  recorded,  even  to  the  extent  that 
twins  have  been  born,  one  of  which  was  the 
subject  of  variola,  while  the  other  was  appar- 
ently quite  free  from  the  infection.  It  may 
be  also  that,  as  in  syphilis,  so  in  the  exanthe- 
mata, the  incidence  of  the  fever  in  the  mother 
may  determine  in  the  foetus,  not  the  fever  itself, 
but  general  changes  in  nutrition  leading  to 
stimting  in  growth,  or  even  to  actual  mal- 
formations ;  possibly,  also,  as  has  been  shown 
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in  maternal  erysipelas,  the  foetus  may  suffer, 
not  from  the  cutaneous  manifestations  of  ery- 
sipelas, but  from  septic  poisoning.  In  relation 
to  foetal  sepsis  it  must  not  be  forgotten  that 
sometimes  the  foetus  has  become  infected  from 
the  vaginal  secretions  of  the  mother,  either 
before  labour,  through  premature  rupture  of 
the  membranes ;  or  intra-natally,  during  the 
progress  of  the  body  through  the  birth-canal. 

Foetal  malaria  is  an  occurrence  the  possibility 
of  which  may  now  be  looked  upon  as  proven. 
Women  suffering  from  intermittent  fever  have 
given  birth  to  infants  with  hypertrophy  of  the 
spleen,  and  showing  in  the  blood  the  hsematozoon 
of  malaria ;  further,  during  gestation  it  has 
been  recognised  that  the  incidence  of  a  maternal 
ague  fit  has  been  accompanied  by  active  foetal 
movements  which  could  only  be  explained  on 
the  supposition  that  the  unborn  infant  also  was 
the  subject  of  a  rigor.  Felkin  has  reported  a 
curious  case  in  which  a  woman,  apparently  quite 
free  from  malaria,  gave  birth  to  an  infant  with 
malaria,  and  showing  the  ague  splenic  enlarge- 
ment ;  the  father  was  seriously  ill  with  malaria, 
and  the  supposition  was  that  the  foetus  had 
been  directly  infected  by  the  semen.  In  cases 
of  malaria  in  pregnancy  the  fear  of  causing 
premature  labour  or  abortion  by  the  adminis- 
tration of  quinine  has  been  probably  much  ex- 
aggerated ;  it  is  well  to  give  the  drug,  not  only 
for  the  sake  of  the  mother,  but  also  on  behalf 
of  the  unborn  infant. 

Foetal  tuhercidosis  is  a  malady  the  existence 
of  which  has  been  doubted  ;  but  of  late  years 
a  number  of  cases  have  been  reported  in  which 
the  conditions  found  were  such  as  to  leave  no 
longer  any  reasonable  doubt  about  the  occasional 
occurrence  of  truly  tubercular  lesions  in  utero. 
In  some  of  the  cases  actual  tubercular  lesions 
were  discovered  in  the  foetvis;  in  others,  although 
there  were  no  gross  lesions,  yet  the  tubercle 
bacillus  was  detected  in  the  foetal  organs,  and 
inoculations  of  animals  with  pieces  of  the  foetal 
organs  and  with  blood  from  the  umbilical  vein 
set  up  in  these  animals  undoubtedly  tubercular 
processes.  An  excellent  instance  of  fostal  tu- 
berculosis, with  lesions,  was  recently  reported 
by  Auche  and  Chambrelent  {Aixh.  de  med.  exper. 
et  d'anat.  2Mth.  xi.  521,  1899).  It  was  that  of 
a  prematurely  born,  but  living  female  infant, 
the  product  of  a  tubercular  woman  who  died 
three  days  after  her  confinement.  At  the 
autopsy  it  was  found  that  she  had  been  the 
subject  of  advanced  phthisis  and  of  tubercular 
disease  of  the  liver,  spleen,  intestines,  mesenteric 
glands,  and  kidneys,  but  the  genitals,  organs, 
and  peritoneum  were  free  from  infection.  The 
infant,  born  about  the  sixth  month  of  intra- 
uterine life,  lived  for  twenty-six  days  in  the 
couveuse,  and  then  died,  having  lost  weight, 
but  having  shown  no  other  sign  of  illness.  At 
tlie  autopsy  no  peritonitis  was  found,  and  the 
intestine  was  free  from  lesions ;   but  in  the 


liver  were  numerous  yellow  granulations,  in  the 
spleen  were  crowds  of  the  same  punctiform 
granulations,  and  in  the  lungs  were  small 
numbers  of  grey,  transparent  granulations. 
The  bronchial  glands  also  were  tubercular. 
Microscopic  examination  revealed  an  excessive 
number  of  tubercles  in  the  liver,  some  caseated 
in  the  centre,  with  an  enormous  quantity  of 
the  bacilli  of  Koch.  The  spleen  showed  similar 
changes,  there  was  tubercular  endocarditis  in 
the  right  ventricle  of  the  heart.  There  were 
no  giant  cells.  The  placenta  was  also  tuber- 
cular, and  animals  inoculated  with  pieces  of  it, 
and  with  the  foetal  organs,  developed  tubercul- 
osis. In  this  case  there  could  be  no  doubt 
that  the  foetus  had  become  infected  with  tuber- 
culosis. The  reason  why  such  cases  are  rare  is 
probably  to  be  found  in  the  fact  that  in  order 
to  reach  the  foetus  the  bacilli  must  be  in  the 
blood  stream,  and  that  they  seldom  are  there 
imless  the  tuberculosis  of  the  mother  has 
become  generalised.  Further,  many  cases  of 
foetal  tuberculosis  may  have  been  passed  over 
because  the  lesions  were  looked  for  in  the  lungs, 
where,  on  account  of  the  mechanism  of  foetal 
infection,  they  are  very  seldom  to  be  found. 
That  the  foetal  tissues  are  a  suitable  soil  for  the 
growth  of  the  tubercle  bacillus  is  proved  by 
the  extraordinary  proportions  of  the  bacillary 
invasion  in  the  cases  that  have  been  reported. 
That  the  tubercle  bacillus  may  be  carried  directly 
into  the  organism  by  the  sperm  has  been  affirmed, 
but  manifestly  the  complete  proof  is  surrounded 
with  almost  insurmountable  difficulties. 

The  foetus  is  liable  to  toxicological  states 
transmitted  to  it  from  the  mother  through  the 
placenta ;  but  regarding  these  comparatively 
little  is  known.  Much  yet  remains  to  be  dis- 
covered regarding  the  effect  of  alcohol,  absinthe, 
lead,  mercury,  copper,  and  the  like  taken  into 
the  maternal  system  upon  the  health  of  the 
unborn  infant.  It  has  been  experimentally 
demonstrated  that  in  the  case  of  guinea-pigs 
the  placenta  has  a  tendency  to  store  up  copper 
and  mercury,  but  not  lead,  which  passes  easily 
and  completely  through  to  the  foetuses ;  arsenic 
passes  with  greater  difficulty,  mercury  appar- 
ently not  at  all,  and  copper,  although  it  is  ac- 
cumulated in  the  placenta,  also  passes  through 
it.  It  is  interesting  to  know  that  lead,  after  it 
passes,  tends  to  be  stored  up  in  the  nervous 
system  of  the  foetus,  while  arsenic  goes  to  the 
skin.  From  what  has  been  experimentally 
determined  regarding  the  teratogenic  powers  of 
alcohols  injected  into  the  hen's  egg,  it  may  be 
hazarded  that  it  is  possible  that  they  may  have 
a  similar  effect  upon  the  mammalian  embryo. 

The  so-called  Traumatic  States  of  the  Fcetus 
include  congenital  fractures,  dislocations,  and 
amputations.  The  fractures  that  are  met  with 
in  the  infant  at  birth  are  usually  due  to  the 
birth-traumatism,  although  they  may  have  been 
predisposed  to  by  truly  antenatal  fragility  of 
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the  skeleton,  as  in  the  A'arious  conditions  to 
which  the  name  "  foetal  rickets  "  has  been  loosely 
applied ;  that  true  fractures  may  occur  in  intra- 
uterine life  long  before  the  onset  of  labour  has 
been  asserted,  chiefly  on  the  strength  of  the 
observation  of  the  so-called  cases  of  cured 
fracture  noted  after  birth.  That  maternal  falls 
and  blows  may  by  dii-ect  pressure  or  by  contre- 
coup  cause  foetal  fractures,  which  afterwards 
consolidate  in  a  vicious  position  and  with  much 
callus,  is  freely  stated,  but  exact  pi'oof  is  not 
forthcoming.  There  is  indeed  reason  to  believe 
that  some  of  these  badly  united  foetal  fractures 
may  be  due  not  to  external  violence,  but  rather 
to  the  effect  of  amniotic  adhesions  or  pressure. 
This,  at  any  rate,  would  account  for  the  associa- 
tion of  the  fractures  with  such  malformations  as 
the  absence  of  one  of  the  neighbouring  limb 
bones,  an  association  which  is  far  from  rare. 
Congenital  dislocations  may  also  be  due  to  the 
traumatism  of  labour,  but  truly  foetal  disloca- 
tions are  in  all  probability  rather  to  be  regarded 
as  the  results  of  malformation  than  of  injury. 
Dislocation  of  the  hip  would  appear  to  be  the 
commonest  and  the  most  important  of  the  con- 
genital luxations.  According  to  one  theory  of 
origin,  it  is  due  to  amniotic  pressure  upon  the 
neighbourhood  of  the  hip  ;  according  to  another, 
there  is  an  intra-uterine  destruction  of  the 
tissues  of  the  joint ;  another  hypothesis  regards 
it  as  caused  by  primary  alterations  of  the 
nervous  system  producing  either  retraction  or 
paralysis  of  the  periarticular  muscles ;  while 
yet  another  view  is  that  it  is  really  an  arrested 
development  of  the  acetabulum  and  surrounding 
parts,  and  not  a  dislocation  in  the  true  sense  of 
the  word.  A  great  deal  has  been  done  of  late 
years  to  correct  this  dislocation  after  birth,  but 
as  yet  it  is  not  settled  whether  the  operative 
measures  of  Hoffa  and  Lorenz  (enlargement  of 
the  acetabular  cavity)  or  the  bloodless  method 
of  Paci  (reduction  under  chloroform  and  fixation 
by  a  plaster  of  Paris  bandage)  offer  the  better 
chance  of  success.  Congenital  dislocation  of 
the  knee,  with  or  without  absence  of  the  patella, 
is  not  so  common  as  dislocation  of  the  hip ;  in 
it  the  head  of  the  tibia  may  be  displaced  forward 
on  the  femur  and  give  rise  to  hyperextension  of 
the  joint  (genu  recurvatum) ;  occasionally,  but 
rarely,  lateral  dislocation  has  been  met  with, 
and  I'ecently  two  cases  have  been  recorded  in 
which  there  was  spontaneous  and  recurrent 
lateral  luxation  of  the  knee.  Congenital  dis- 
locations of  the  patella,  shoulder,  and  elbow 
have  been  noted,  but  they  are  very  rare. 

Congenital  amputations  ai"e  scarcely  amputa- 
tions in  the  usual  sense  of  the  term.  The  name 
is  applied  to  the  cases  in  which  one  or  more 
digits,  or  even  a  hand  or  foot,  or  part  of  a  limb 
is  wanting  at  birth  ;  and  the  explanation  which 
has  been  commonly  employed  to  account  for  the 
anomaly  is  that  the  umbilical  cord  or  an  amni- 
otic band  has  become  twisted  round  the  part 


and  has  caused  first  a  gz'oove,  then  a  deep 
furrow,  and  finally  has  entirely  separated  the 
portion  of  the  limb  lying  distal  to  the  constrict- 
ing band.  It  is  possible,  however,  that  simple 
pressure  of  a  tight  amnion  on  the  limb-bud 
may  have  hindered  development,  and  so  pre- 
vented the  formation  of  the  part.  If  this  latter 
view  be  correct,  the  amputation  is  rather  a 
malformation.  It  may  be  added  that  the  con- 
dition has  also  been  ascribed  to  a  pathological 
state  of  the  skin  and  subcutaneous  tissue  of 
a  sclerodermic  kind,  and  the  disease  called 
ainhum  has  been  referred  to  as  the  correspond- 
ing morbid  state  in  the  adult.  There  seems  to 
be  little  doubt  that  amniotic  bands  have  some- 
thing to  do  with  the  so-called  spontaneous 
amputation ;  at  any  rate,  amniotic  adhesions 
and  bands  coexist  with  congenital  amputations. 
It  is  a  striking  fact  that  in  some  of  the  recorded 
cases  of  amputation  of  digits  there  seems  to 
have  been  an  attempt  at  re-formation  of  the 
missing  parts ;  for  instance,  at  the  end  of  the 
forearm  there  have  been  seen  small  fleshy 
tubercles  supposed  to  be  rudimentary  fingers. 
In  conclusion,  it  may  be  said  to  be  doubtful 
whether  congenital  amputations  belong  to  the 
pathology  of  the  foetus  or  of  the  embryo,  whether 
they  are  pathological  or  teratological. 

Intra-Uterine  Death  of  the  Fcetus, 
Like  post-natal  death  of  the  child  or  adult, 
may  be  due  to  very  many  causes.  Attempts 
have  been  made,  not  always  very  successfully, 
to  group  these  causes  into  maternal,  paternal, 
and  foetal ;  probably  in  the  great  majority  of 
cases  the  immediate  cause  of  death  is  some  lesion 
of  the  placenta,  although  it  must  be  admitted 
that  occasionally  the  placenta  is  apparently 
quite  normal,  even  where  there  is  good  reason 
to  believe  that  foetal  death  had  occurred  some 
time  before  birth.  Among  the  maternal  causes 
of  foetal  death  may  be  enumerated  endometritis 
and  displacements  of  the  uterus ;  acute  febrile 
diseases  such  as  pneumonia ;  acute  infectious 
fevers,  such  as  variola,  cholera,  typhoid  fever, 
typhus  ;  heart  disease,  nephritis ;  injuries, 
accidents,  and  operative  and  criminal  inter- 
ference ;  and,  very  specially,  syphilis.  A  high 
maternal  temperature,  if  it  has  been  gradually 
reached,  does  not  necessarily  prove  fatal  to  the 
unborn  infant ;  but  if  the  rise  has  been  rapid 
as  well  as  great,  intra-uterine  death  usually 
follows.  Purely  paternal  causes  are  little 
understood,  although  there  can  be  no  doubt 
about  their  existence ;  the  best  known  is 
syphilis  (the  mother  remaining  unaffected) ; 
and  others  which  have  been  enumerated  are 
albuminuria,  chronic  lead  poisoning,  and  old 
age.  There  seems  to  be  no  doubt  that  the 
various  foetal  diseases  that  have  been  referred 
to  above  may  all  be  the  causes  of  foetal  death  ; 
but  it  would  also  seem  that  the  foetus  may  be 
very  seriously  morbid,  and  yet  live  on  in  utero 


264   PREGNANCY,  PATHOLOGY  OF— INTRA-UTEEINE  DISEASES,  DEATH  OF  FCETUS 


so  long  as  the  placental  tissue  is  normal  and  the 
circulation  in  the  umbilical  cord  not  interfered 
with.  In  fact,  as  has  been  already  stated,  the 
integrity  of  the  placenta  is  the  great  safeguard 
of  foetal  life ;  consequently,  when  the  placenta 
is  the  seat  of  hfemorrhages  or  of  fibrous  or 
myxomatous  changes,  intra-uterine  death  is 
very  probable.  Convolutions  and  knots  of  the 
umbilical  cord,  unless  drawn  very  tight,  do  not 
produce  foetal  death.  Habitual  death  of  the 
unborn  infant  is  an  occasional  and  a  very 
distressing  occurrence ;  its  causes,  in  order  of 
frequency,  are  syphilis,  maternal  anfemia,  uterine 
diseases  and  displacements,  alcoholism,  renal 
and  cardiac  maladies,  and  "individual  predis- 
position. "  Occasionally  habitual  alternate  death 
of  the  foetus  may  be  recorded,  and  sometimes  it 
has  been  noted  that  only  foetuses  of  the  male  or 
of  the  female  sex  died  in  utero,  those  of  the 
other  sex  being  born  alive. 

There  seems  now  to  be  no  doubt  that  intra- 
uterine death,  like  post-natal  death,  is  followed 
by  rigor  mortis ;  but  it  is  quite  likely,  that  on 
account  of  the  feeble  development  of  the 
muscular  system,  the  rigidity  may  be  less 
marked  and  of  shorter  duration  than  that  seen 
in  the  adult  or  child.  If  foetal  death  occur 
between  the  third  and  fifth  months,  the  com- 
monest post-mortem  change  would  appear  to  be 
mummification,  a  drying  up  and  shrivelling  of 
the  foetal  tissues  without  putrefactive  breaking 
down.  If  such  a  mummifying  foetus  be  sub- 
jected to  pressure,  either  from  a  tumour  in  the 
uterus  or  (more  commonly)  from  a  living  and 
growing  twin,  then  it  becomes  flattened  and  is 
known  as  the  foetua  compresm&  s.  papyraceus. 
Maceration  is  the  commonest  result  of  intra- 
uterine death  in  the  later  months  of  gestation  ; 
it  also  is  a  non-putrefactive  process.  It  is 
characterised  by  a  softening  of  all  the  tissues 
and  an  infiltration  of  them  with  blood-stained 
serum  ;  by  desquamation  of  the  cuticle,  and  by 
the  formation  of  blebs  or  bullte  on  the  skin 
which  contain  yellowish  fluid ;  and  by  the 
presence  of  blood-stained  serum  in  all  the  body 
cavities.  There  may  also  be  the  changes  due 
to  the  disease  from  which  the  foetus  succumbed, 
e.g.,  in  syphilis,  the  yellow  line  at  the  junction 
of  the  shaft  and  epiphysis  of  the  long  bones  due 
to  osteo-chondritis.  The  umbilical  cord  is  often 
swollen  and  the  placenta  atrophic  or  cedematous, 
while  the  liquor  amnii  is  of  a  dirty  green  colour 
from  expelled  meconium.  Rarely  true  putre- 
faction occurs  in  utero  with  the  development  of 
gases  ;  it  is  usually  subsequent  to  rupture  of 
the  membranes,  for  the  germs  of  ijutrefaction 
very  uncommonly  gain  entrance  save  through 
the  vagina  of  the  mother.  Calcification  is  very 
rare. 

The  diagnosis  of  intra-uterine  death  is  one  of 
the  most  difficult  tasks  that  fall  to  the  lot  of  the 
obstetrician.  As  a  rule,  the  dead  foetus  is  ex- 
pelled from  the  uterus  about  fourteen  days  after 


it  has  succumbed ;  then,  of  course,  the  expul- 
sion of  the  dead  and  macerated  body  enables  the 
diagnosis  to  be  made.  But  sometimes  the  dead 
infant  is  retained  for  weeks  and  even  for  months 
in  utero,  and  it  becomes  as  important  as  it  is 
diflncult  to  be  sure  that  death  has  occurred,  and 
that  we  are  not  dealing  with  some  other  con- 
dition, e.g.  a  tumour  of  the  uterus.  There  is  no 
one  certain  sign  of  foetal  death  similar  to  the 
certain  sign  of  foetal  life  (the  hearing  of  the 
foetal  heart) ;  and  the  diagnosis  must  be  largely 
based  on  negative  signs  and  symptoms.  Among 
the  circumstances  which  help  in  the  formation  of 
a  diagnosis  may  be  enumerated  the  history  of 
the  occurrence  of  foetal  death  in  a  previous  preg- 
nancy in  the  same  patient ;  the  presence  of 
syphilis  or  of  some  acute  febrile  or  infectious 
disease,  or  the  incidence  of  a  traumatism,  and, 
in  a  word,  the  existence  of  any  well-known  cause 
of  foetal  death ;  the  presence  of  various  vague 
maternal  sensations,  such  as  a  feeling  of  cold- 
ness and  weight  in  the  pelvis,  absence  of  foetal 
movements,  especially  following  upon  a  period 
of  unduly  active  movements  ;  diminution  in  the 
size  of  the  abdomen  and  uterus,  retrogressive 
changes  in  the  mammary  glands  and  abdomen, 
occurrence  of  passing  labour  pains,  impossibility 
of  hearing  the  foetal  heart  and  of  detecting 
foetal  movements ;  the  disappearance  of  various 
grave  symptoms,  such  as  vomiting  and  albumin- 
uria, which  had  been  in  evidence  before  the 
death  of  the  foetus ;  and,  finally,  it  is  possible 
that  the  occurrence  of  acetonuria  and  pepton- 
uria may  assist  in  the  making  of  a  provisional 
diagnosis.  The  treatment  of  intra-uterine  death 
is  intimately  associated  with  the  treatment  of 
the  causes  of  it  (maternal,  paternal,  and  foetal). 
As  a  matter  of  experience,  the  birth  of  a  dead 
foetus  does  not  seem  to  be  attended  with  much 
danger,  a  fact  which  is  explicable  by  the  aseptic 
nature  of  the  post-mortem  change  and  by  the 
involuntary  changes  in  the  placenta  and  uterine 
walls  which  usually  precede  the  expulsion  of 
the  infant. 

Affections  of  the  Generative  Organs 

I.  Malformations    of    Uterus  and 

Vagina  265 

II.  Abnormalities  in  Position  and  Re- 
lations      .....  266 
Hernia,  Procidentia,  Versions  and 
Flexions,  Anteversion,  Pendu- 
lous Abdomen,  Retroversion,  In- 
carceration, Irreducible  Retro- 
displacement,  Sacculation 
III.  Pathological  Changes  .       .       .  269 
Cancer,  Fibroid  Tumours,  Ovar- 
ian Tumours  in  Pregnancy 

The  coiu-se  of  pregnancy  and  of  labour  may  be 
seriously  aiTected  by  anomalous  conditions  of 
the  uterus  and  vagina  due  to  defects  of  develop- 
ment, to  abnormal  positions  of  the  organs,  and 
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to  pathological  changes  in  their  tissues.  When 
.such  cases  occur,  questions  of  grave  importance 
may  arise  as  to  the  risks  which  the  patients 
run,  and  the  proper  means  of  management. 
What  concerns  us  at  present  is  not  so  much 
the  discussion  of  the  ever  changing  views 
regarding  treatment,  as  the  clinical  recognition 
of  those  defects,  and  the  experience  which  has 
been  accumulated  as  to  their  influence  on 
pregnancy  and  dangers  that  may  occur,  or 
in  other  words,  the  knowledge  upon  which 
the  solution  of  questions  in  individual  cases 
should  be  based. 

1.  Malformations  op  the  Uterus  and 
Vagina. — The  nature  of  the  various  anomalies 
of  the  generative  tract  and  their  clinical 
features  can  be  readily  understood  by  re- 
membering the  origin  and  development  of  the 
■organs  from  the  two  Mlillerian  ducts.  All  the 
varieties  are  explained  by  the  retention  in 
whole  or  in  part  of  this  duplex  character,  and 
by  an  imperfect  development  of  one  half  in 
•comparison  with  that  of  the  other.  Normally 
the  union  is  complete  from  below  as  high  as 
the  Fallopian  tubes,  between  which  is  developed 
the  fundus  uteri,  whilst  by  total  absorption 
of  the  septum  the  uterine  body,  the  cervix, 
and  the  vagina  form  a  single  canal.  In  any 
of  these  respects,  throughout,  or  at  any  one 
part,  the  development  may  be  imperfect,  and 
•so  are  produced  the  various  anomalies  that 
have  now  to  be  noted. 

Thefund2is  alone  may  be  imperfectly  formed, 
^ind  show  a  flattening  or  depression  instead 
-of  the  usual  convexity — uterus  ar-cuatus,  s. 
corduatus.  This  defect  may  be  associated 
internally  with  some  remains  of  the  septum. 
Pregnancy  is  not  affected  thereby,  but  it  may 
have  an  influence  in  the  production  of  mal- 
positions of  the  head  (Auvard),  and  where 
a  partial  septum  is  present  lead  to  difficulty 
with  the  placenta. 

Other  abnormalities  arrange  themselves  under 
various  types,  the  distinctive  characters  of 
which  may  be  more  or  less  pronounced  in 
different  cases. 

Uterus  Septus. — Here  the  external  formation 
is  normal,  with  perhaps  a  slight  increase  in 
width,  but  the  septum  remains,  dividing  the 
cavity  more  or  less  completely  into  two.  The 
septum  may  be  only  partial,  uterus  subseptus, 
•or  it  may  extend  to  the  internal  os,  or  even 
into  the  cervical  canal,  but  the  external  os 
is  single. 

Uterus  Bicornis. — Here  the  duplex  character 
is  indicated  externally  by  the  uterine  body  being 
divided  into  two  distinct  cornua,  at  a  varying 
height  above  the  cervix,  each  horn  terminating 
in  its  own  Fallopian  tube,  but  with  a  common 
cervix,  the  canal  of  which  may  be  single  or 
double. 

Uterus  Didelphys.  —  In  this  rarest  variety 
the  separation  is  complete,  two  single  uteri 


lying  side  by  side,  each  possessing  its  own  os 
uteri  and  cervical  canal,  but  only  one  tube, 
ovary,  and  round  ligament.  The  vagina  may 
be  single,  or  duplicated  in  whole  or  in  part. 
It  is  doubtful  if  pregnancy  occurs  in  this 
variety. 

Uterus  Unicornis. — Where  one  half  has  been 
well  developed,  presenting  a  spindle  formation 
ending  in  the  Fallopian  tube,  the  other  half 
remaining  in  a  rudimentary  state  or  imperfectly 
developed  form. 

In  any  of  the  above  duplex  conditions  one 
half  may  have  no  communication  with  the 
general  canal.  The  menstrual  fluid  in  that 
half  will  then  be  retained,  giving  rise  to  a 
tumour  the  nature  of  which  may  be  difficult 
to  diagnose. 

The  vagina  may  be  double  throughout,  even 
when  the  cervix  and  uterus  are  single ;  or 
partial  remains  of  the  septum  may  be  present, 
forming  a  band  of  tissue  across  the  canal. 

Such  anomalies  in  development  do  not  inter- 
fere with  the  possibility  of  pregnancy  so  long 
as  ovulation  takes  place,  and  there  is  no  oc- 
clusion in  the  generative  tract.  If,  on  the 
other  hand,  the  impregnated  ovum  is  prevented 
entering  the  uterine  cavity,  the  case  belongs 
to  ectopic  gestation.  In  the  same  category 
must  be  placed  the  rare  cases  where  the  ovum 
has  been  lodged  in  an  imperfectly  developed 
half,  having  no  communication  with  the  fully 
developed  horn  or  the  vagina.  In  such  a  case 
rupture  into  the  peritoneal  cavity  is  likely 
to  occur  about  the  third  or  fourth  month,  or 
if  the  foetus  dies  before  rupture,  it  may  be 
indefinitely  retained. 

Diagnosis. — With  a  double  or  one-horned 
uterus,  pregnancy  is  not  uncommon  —  much 
more  frequent,  indeed,  than  is  recognised. 
From  various  circumstances,  the  condition  may 
very  readily  be  overlooked.  As  a  rule,  the 
course  of  pregnancy  is  not  disturbed,  and 
labour  is  easy  and  natui'al,  and  in  some  forms, 
as  in  the  iiterus  septus,  the  abnormality  can 
be  discovered  only  when  occasion  calls  for  the 
introduction  of  the  hand  into  the  uterus. 
Even  where  it  might  be  possible  in  the  non- 
gravid  state,  or  early  pregnancy,  to  recognise 
the  condition  from  the  abnormal  shape  of  the 
uterus,  this  may  be  considerably  obscured  in 
advanced  pregnancy  or  in  labour.  In  a  uterus 
unicornis  the  spindle  shape  is  much  altered, 
and  in  uterus  bicornis,  where  one  horn  only 
is  pregnant,  it  may  lie  in  front  of  and  conceal 
the  other. 

A  double  vagina  calls  for  careful  examination 
of  the  uterus ;  for  although  it  may  be  present 
with  normal  conditions  above,  it  is  always 
a  possible  indication  of  other  anomalies.  The 
presence  of  two  os  uteri  and  complete  double 
vagina  are  sure  signs  of  a  duplex  uterine 
cavity. 

When  both  divisions  are  pregnant,  a  diagnosis 
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can  more  readily  be  made.  A  furrow  more  or 
less  marked  may  be  detected  between  the  two 
halves  where  they  are.  imited  in  one  body ; 
where  the  horns  are  distinct  they  diverge  from 
one  another,  more  especially  when  the  uterus 
contracts. 

Other  conditions  suggestive  of  a  double  uterus 
are  referred  to  below. 

Phenomena  and  Course  of  the  Pregnancy. — 
The  pregnancy  may  be  single  or  double,  spoken 
of  as  imilateral  or  bilateral,  i.e.  where  one  or 
both  horns  are  occupied.  Twins  have  also  been 
met  with  occupying  the  same  horn,  and  in  the 
uterus  unicornis.  When  both  cornua  are  occu- 
pied, the  ova  may  have  been  impregnated  at 
different  times,  even  at  considerable  intervals 
{superfoetation),  and  the  foetuses  may  show  at 
birth  a  corresponding  difference  in  development, 
or  the  one  foetus  be  retained  in  utero  for  some 
weeks  after  the  birth  of  the  fii'st.  In  all  such 
remarkable  careful  examination  of  the 

uterus  should  be  made  to  ascertain  the  presence 
or  not  of  a  duplex  uterus. 

When  one  half  of  a  double  uterus  only  is 
gravid,  the  other,  to  some  extent,  shares  in  the 
hypertrophy  of  the  walls,  and  a  decidua  may  be 
formed  in  it.  Under  such  circumstances  it  is 
possible  that  considerable  or  repeated  haemor- 
rhage may  occur  during  the  pregnancy,  from 
the  empty  half,  without  endangering  the  gesta- 
tion. An  explanation  may  thus  be  afforded  of 
cases  where  it  has  been  stated  that  menstriia- 
tion  has  regularly  recurred  during  pregnancy, 
or  that  the  woman  menstruated  only  while 
pregnant. 

During  labour,  both  divisions  have  been  felt 
to  contract  and  relax  simultaneously.  Where 
there  were  two  os  uteri,  that  of  the  empty  half 
has  been  observed  to  dilate  and  a  decidua  to  be 
expelled.  At  the  same  time  each  horn  may  be 
functionally  distinct  and  contract  independently 
of  the  other. 

Though  the  labour  is  generally  easy  and 
natural,  yet  anomalies  are  more  frequently  met 
with.  That  a  greater  tendency  to  abortion 
exists  does  not  rest  on  satisfactory  evidence. 
It  is  in  labour  that  difficulties  are  likely  to  be 
experienced.  The  increased  inclination  of  the 
uterus  is  liable  to  affect  the  position  of  the 
head  ;  breech  and  transverse  presentations  are 
more  frequent  than  in  single  uteri.  The  labour 
may  be  rendered  tardy  from  the  direction  of  the 
uterine  force  not  closely  corresponding  with  the 
axis  of  the  brim.  The  upper  portion  of  the 
horn  differs  from  the  natural  fundus  uteri ;  the 
walls  may  be  thinner,  and  the  risk  of  rupture 
is  greater. 

Difficulties  with  the  placenta  are  liable  to 
occur  when  it  is  situated  in  the  upper  part  of 
the  horn,  or  is  attached  to  the  division  in  the 
uterus  septus.  Hsemorrhage  in  the  latter  case 
is  likely  to  follow  the  separation.  When  the 
septum  is  incomplete,  the  placenta  has  been 


found  in  the  one  division,  whilst  the  foetus  in 
its  development  has  passed  into  the  other. 

Bands  of  tissue  in  the  vagina  have  caused 
difficulty  in  the  second  stage  of  labour.  Where 
such  is  the  case,  it  is  better  to  divide  them 
artificially  than  leave  them  to  be  torn  by  the 
natural  forces,  the  risk  of  the  laceration  extend- 
ing into  the  vaginal  wall  being  considerable. 

2.  Abnormalities  in  Position  and  Relations 
OF  THE  Gravid  Uterus. — The  gravid  uterus 
has,  at  rare  times,  been  found  in  strange 
quarters,  as  in  the  sac  of  a7i  inguinal  or  femoral 
hernia.  Under  such  circumstances  gestation  is 
likely  to  be  arrested  ;  cases  have,  nevertheless, 
been  recorded  where  a  child  has  been  delivered 
by  hysterectomy  and  survived.  Considering 
the  risks  to  the  mother,  such  cases,  as  soon  as 
recognised,  would  in  the  present  day  come  at 
once  under  the  surgeon's  knife. 

In  the  later  months  of  pregnancy  the  fundus 
uteri  may  come  into  relation  with  a  pre-existing 
iimbilical  hernia  and  partially  protrude  into  the 
sac  ;  in  one  case  two-thirds  of  the  organ  is  said 
to  have  so  passed.  Labour  will  not  be  compli- 
cated unless  adhesions  have  been  formed  inter- 
fering with  retraction ;  in  one  recorded  case 
retention  of  the  placenta  in  the  hernial  sac 
caused  difficulty. 

A  uterus  liable  to  prolapsus  or  procidentia 
may  become  pregnant.  With  ordinary  care 
the  displacement  disappears  with  the  increasing 
size  and  elevation  of  the  organ.  A  complica- 
tion may  arise  where  the  enlarged  uterus  by  a 
sudden  strain  has  been  forced  out,  and,  from  its 
size,  difficulty  is  experienced  in  returning  it. 
If  unreduced,  symptoms  of  incarceration  and 
abortion  would  ensue.  In  older  writings,  cases 
are  recorded  where  pregnancy  in  a  supposed 
prolapsed  uterus  had  advanced  to  full  term ; 
but  these  have  evidently  been  cases  where  the 
prolapse  has  been  limited  to  the  cervix  alone, 
from  great  hypertrophy,  the  uterine  body  re- 
maining within  the  pelvis.  The  position  of  the 
fundus  in  the  cases  recorded  is  not  stated. 
Acute  oedema  of  the  cervix  may  also  simulate 
prolapsus  during  pregnancy,  and  also  after 
labour.  Prolapse  of  the  anterior  vaginal  wall 
may  be  a  source  of  much  discomfort  during 
gestation,  and  demand  attention  in  the  manage- 
ment of  the  labour. 

A  uterus  that  has  been  the  subject  of  com- 
plete prolapse,  but  now  retained  in  the  pelvis 
by  pregnancy,  is  liable  to  assume  a  retroverted 
position  and  cause  further  trouble.  This  must 
be  borne  in  mind  when  replacing  a  prolapsed 
gravid  uterus. 

Versions  and  Flexions. — At  one  time  there 
was  a  tendency  to  impute  prejudicial  effects  in 
pregnancy  to  flexions  of  the  uterus,  and  so 
regard  as  pathological  a  condition  that  often 
exists,  but  in  no  way  interferes  with  gestation. 
The  same  may  be  said  of  anteversions  in  the 
earlier  months.    Frequency  of  micturition  and 
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other  inconveniences  may  arise  from  the  pres- 
sure of  the  enlarging  uterus,  but  these  diminish 
when  the  organ  rises  above  the  brim  ;  incarcera- 
tion in  this  position  does  not  occur.  Some 
degree  of  flexion  is  almost  always  present  in 
cases  of  version,  but  it  is  the  latter  only  that 
endangers  the  pregnancy,  as  is  shown  by  the 
relief  obtained  by  correcting  the  version,  whilst 
the  flexion  is  left,  and  in  fact  cannot  be  treated. 

Pendulous  Abdomen.  —  Anteversion  of  the 
Uterus  in  the  Later  Months  of  Gestation. — In 
the  earlier  months  of  gestation  anteversion,  as 
bafore  stated,  causes  no  difficulty ;  it  is  in  the 
later  months  the  condition  becomes  of  import- 
ance, and  is  then  more  graphically  termed  and 
better  known  as  pendulous  abdomen.  It  is  in 
general  due  to  relaxation  of  the  abdominal  walls 
owing  to  previous  pregnancy,  and  is  certain  to 
be  present  when  separation  of  the  recti  muscles 
has  occurred  either  from  child-bearing  or  after 
coeliotomy.  It  may,  however,  be  present  in  a 
primigravida,  and  is  then  suggestive  of  narrow- 
ing or  other  deformity  of  the  pelvis. 

The  course  of  pregnancy  is  not  disturbed 
thereby,  but  difficulties  and  even  grave  compli- 
cations in  labour  are  liable  to  arise  from  the 
resultant  of  the  uterine  forces  deviating  con- 
siderably from  the  line  of  the  axis  of  the  inlet. 
Tardy  dilatation  of  the  os  uteri,  malposition  of 
the  head,  the  presenting  part  refusing  to  enter 
the  brim,  consequent  exhaustion  of  the  uterus 
from  ineff'ectual  action,  and  even  rupture  of  the 
uterus  may  occur. 

Placing  the  patient  on  her  back,  elevating  the 
uterus,  and  applying  a  binder,  is  the  proper 
treatment. 

Retroversion  of  Gravid  Uterus. — Although 
retroversion  may  at  times  be  the  cause  of 
sterility,  it  is  no  certain  barrier  to  impregna- 
tion. With  the  natural  growth  and  elevation 
of  the  uterus,  the  displacement  is  often  undone, 
and  the  pregnancy  is  not  interrupted.  But  this 
is  not  always  the  case ;  abortions  are  frequent 
and  often  repeated  when  the  iiterus  is  retro- 
verted.  This  can  readily  be  understood ;  for 
the  mucosa  and  blood-vessels  of  such  an  organ 
are  not  likely  to  be  healthy,  or,  if  previously 
healthy,  the  uterine  circulation  is  so  impeded 
that  hsemorrhage  is  very  liable  to  occur. 

The  usual  pelvic  symptoms — discomfort,  ful- 
ness, weight,  dragging,  or  pain — gradually  in- 
crease, relieved  by  lying  down.  Amenorrhoea 
and  other  signs  of  pregnancy  are  present,  but 
obscured,  it  may  be,  by  slight  shows  of  blood 
at  intervals.  Bimanual  examination  reveals  the 
readily  recognisable  signs  of  retroversion. 

It  is  never  safe  to  trust  to  the  natural  pro- 
cess of  righting  the  position.  In  uncomplicated 
cases  during  the  first  three  months  the  version 
can  often  be  corrected  manually,  without  diffi- 
culty, and  a  Hodge  or  ring  pessary  carefully 
fitted.  Examination  must  be  made  from  time 
to  time  to  ascertain  that  the  pessary  has  not 


got  displaced.  It  is  unnecessary  to  persist  in 
attempts  to  get  the  uterus  into  the  theoretical 
"  normal "  position  :  all  that  is  necessary  is  to 
secure,  if  possible,  that  the  fundus  is  on  the 
same  or  a  higher  level  than  the  cervix ;  the 
body  may  still  be  retroposed ;  if  the  tendency 
to  prolapse  be  corrected  by  a  pessary,  nature 
will  do  the  rest.  The  patient  should  lie  as 
much  as  possible  in  the  semiprone  position,  and 
avoid  the  necessity  of  straining  at  stool  by  the 
regular  use  of  saline  aperients. 

Incarceration  of  the  Gravid  Uterus. — When 
a  case  of  pregnant  retroverted  uterus  has  not 
received  attention,  and  the  natural  growth  and 
elevation  has  not  corrected  the  version,  more 
serious  pressure  symptoms  arise,  indicating  in- 
carceration. They  begin  in  the  third  or  early 
in  the  fourth  month,  when  the  increasing  bulk 
of  the  uterus  becomes  too  great  for  the  pelvis. 
This  is  more  likely  to  happen  when  a  marked 
degree  of  prolapse  has  been  associated  with  the 
version,  or  a  projecting  promontory  narrows  the 
inlet.  The  patient,  who  previously  has  com- 
plained of  the  frequency  of  micturition,  may 
find  herself  unable  to  pass  water.  The  com- 
plete retention  may  come  suddenly,  or  after 
several  successful  efforts.  The  bladder  becomes 
distended ;  there  is  acvite  hypogastric  pain, 
paroxysmal  in  character.  The  nature  of  the 
case  may  be  overlooked  from  the  patient  stating 
she  has  been  constantly  passing  water — the 
dribbling  of  an  overfilled  bladder.  General  dis- 
tension of  the  abdomen,  with  tenderness  on  pres- 
sure and  vomiting,  may  further  obscure  the  case. 

When  unrelieved,  serious  complications  have 
occurred :  cystitis,  sloughing  of  the  mucous 
membrane,  and  gangrene  of  the  muscular  coat 
of  the  bladder,  distension  of  the  ureters  and 
kidneys,  with  consequent  uraemia  or  septicaemia, 
have  all  been  recorded. 

The  Diagnosis. — Given  the  history  of  a  pos- 
sible pregnancy  in  the  third  or  fourth  month, 
urinary  troubles,  a  central  abdominal  tumour 
which  the  use  of  the  catheter  has  demonstrated 
to  have  been  a  distended  bladder ;  per  vaginam, 
the  pelvis  occupied  by  a  rounded  spherical 
tumour  which  may  vary  in  consistence,  and  the 
cervix  high  up  in  the  front,  lying  against  and 
looking  towards  or  above  the  symphysis — the 
diagnosis  should  not  be  difficult. 

Differential  Diagnosis.  —  Nevertheless,  the 
same  effects  may  arise  under  different  circum- 
stances. A  tumour  similar  in  size,  shape,  and 
position,  and  causing  retention  of  urine,  may  be 
formed  by  the  sac  of  an  extra-uterine  pregnancy, 
or  the  haemorrhage  due  to  a  tubal  abortion, 
by  a  retropubic  abscess,  or  by  a  small  ovarian 
cyst  distending  the  pouch  of  Douglas.  In  the 
first  two  cases  there  will  be  some  evidence  of 
pregnancy,  and  the  differential  diagnosis  is 
mainly  dependent  upon  careful  bimanual  ex- 
amination. When  the  tumour  is  outside  the 
body  of  the  uterus  the  latter  is  pushed  bodily 


268    PEEGNANCY,  PATHOLOGY  OF— AFFECTIONS  OF  THE  GENERATIVE  ORGANS 


forwards,  and  may  be  defined  in  front  of  the 
tumour,  and  the  axis  of  the  cervix  directed 
doivnwards  instead  of  forwards  towards  tlie 
symphysis  pubis.  In  the  other  conditions, 
besides  the  same  physical  signs,  there  is  not 
likely  to  be  amenorrhoea  or  other  signs  of 
pregnancy. 

Treatment. — The  first  step  is  to  empty  the 
bladder.  Difficulties  are  sometimes  met  with 
here.  The  points  to  attend  to  are,  to  use  a 
gum  elastic  catheter,  not  a  glass  or  other  rigid 
one,  or  one  of  soft  indiarubber ;  the  passing 
the  instrument  must  be  carefully  guided  by  a 
finger  in  the  vagina  passed  well  up  in  front  to 
the  cervix ;  and,  lastly,  to  remember  that  from 
the  drawing  up,  stretching,  and  elongation  of 
the  urethra,  the  instrument  may  have  to  pass 
a  greater  distance  than  usual  before  the  water 
is  reached. 

It  is  not  well  in  all  cases  to  proceed  at  once 
to  attempt  rectification  of  the  position  of  the 
uterus.  It  is  advisable  to  have  the  bowels 
well  acted  upon  by  a  saline  purge,  not  merely 
emptied  by  enemata.  Further,  the  pelvic 
vessels  are  certain  to  be  distended,  and  the 
tissues  more  or  less  oedematous.  These  con- 
ditions are  relieved  by  the  saline,  and  by  rest 
for  some  hours  in  the  semiprone  position.  After 
this  preliminary  treatment,  rectification  should 
be  tried. 

With  the  patient  in  a  favourable  position — 
semiprone  or  knee-shoulder — and  in  some  cases 
imder  an  ansestlietic,  the  operation  is  at  times 
readily  effected  ;  at  others,  repeated  trials  have 
to  be  made.  After  a  failure  of  this  kind,  it 
not  unfrequently  has  been  found  that  the 
uterus  has  spontaneously  rectified  itself,  or  that 
the  desired  effect  has  been  obtained  by  the 
introduction  into  the  vagina  of  a  hydrostatic 
bag  or  elastic  ring  pessary.  No  doubt  the 
manipulation  in  the  futile  attempts  may  have 
modified  the  conditions  that  caused  the  incar- 
ceration, but  the  fact  that  means  so  simple 
have  effected  replacement,  after  careful  taxis 
has  failed,  is  interesting  and  instructive.  The 
lessons  it  teaches  are,  that  the  difficulty  in 
most  cases  is  not  to  be  overcome  all  at  once 
by  strenuous  efforts ;  that  the  primary  idea 
under  which  to  work  is  not  to  secure  immedi- 
ate elevation  of  the  fundus  above  the  brim, 
but  to  correct  the  version  and  prolapse ;  effect 
this,  even  partially,  and  nature  will  likely  do 
the  rest.  To  accomplish  the  necessary  rotation 
of  the  uterus  upon  itself  with  a  minimum  of 
force,  two  forces  are  required :  one  acting 
upwards  on  the  body  of  the  uterus,  the  other 
downwards  on  the  cervix.  The  latter  is  the 
more  difficult  to  apply.  Through  a  thin  ab- 
dominal wall  pressure  may  be  applied  externally 
above  the  pubis,  or  the  finger  internally  may 
exert  sufficient  pressure  on  the  cervix,  but  it 
is  difficult  to  get  a  purchase  in  this  manner. 
Failing  these,  a  hold  may  be  taken  of  the 


anterior  cervical  lip  with  a  button  volsellum ; 
it  does  not  wound  the  surface,  but  no  great 
force  should  be  exerted,  lest  the  tissues  be 
torn.  It  is  not  the  amount,  but  the  direction 
of  the  force  that  is  effectual. 

Vei-y  instructive  also  are  the  good  results 
obtained  by  Professor  Playfair,  who  used  a 
hydrostatic  bag  in  the  vagina,  and  by  Pro- 
fessor Japp  Sinclair,  who  introduces  an  ordinary 
watch-spring  ring  pessary.  He  reports  fifteen 
consecutive  cases  without  a  failure.  Now  such 
instruments  cannot  exert  a  force  sufficient  of 
itself  to  elevate  the  fundus,  such  as  is  artifici- 
ally applied  in  the  ordinary  taxis.  An  elastic 
pessary  lying  in  the  vagina  may  exert  some 
pressure,  but  the  direction  is  backwards  towards 
the  hollow  of  the  sacrum,  not  upwards  towards 
the  brim.  Then  again,  in  seeking  to  explain 
their  action,  the  fact  must  not  be  lost  sight 
of,  that,  after  a  futile  attempt  at  rectification, 
the  natural  processes  have  spontaneously  righted 
the  uterus.  It  is  the  latter  that  are  the  active 
agents :  the  action  of  a  pessary  is  passive.  A 
pessary  is  not  a  lever,  as  has  often  been  supposed  ; 
it  may,  however,  act  as  a  fulcrum.  During 
pregnancy,  the  natural  forces  normally  tend 
to  elevate  the  fundus,  even  when  retroverted ; 
but  in  certain  cases  this  tendency  is  reversed — 
the  cervix  is  elevated,  the  fundus  is  more  and 
more  depressed.  The  factor  in  such  cases  that 
has  been  hitherto  disregarded  is  in  all  proba- 
bility the  varying  degrees  of  prolapse  that  are 
associated  with  the  retroversion.  By  the  intro- 
duction of  artificial  support  from  below,  the 
tendency  to  movement  in  the  wrong  direction 
is  corrected,  and  the  natural  powers  so  enforced 
rectify  the  malposition. 

The  disastrous  effects  that  occasionally  have 
been  met  with  arise  from  carelessness  in  ex- 
amination, and  late  recognition  of  the  real 
nature  of  the  case.  The  more  the  above  facts 
are  recognised,  the  less  strenuous  will  be  the 
attempts  at  immediate  rectification,  and  rarer 
the  occurrence  of  irreducible  cases. 

Irreducible  Retro  -  displacement.  —  With  the 
present  greater  appreciation  of  the  value  of  rest, 
the  use  of  anaesthetics,  and  the  greater  know- 
ledge of  the  natural  powers,  aided,  it  may  be, 
to  ovei'come  the  obstruction,  it  must  indeed 
be  rare  to  meet  with  a  case  that  must  be 
pronounced  irreducible  and  demands  further 
interference.  Yet  such  cases  have,  and  pos- 
sibly may  again  occur.  Strong  adhesions  may 
be  the  cause.  Left  uni-educed,  serious  conse- 
quences are  certain  to  arise. 

Abortion  may  be  induced ;  but  the  conditions 
render  the  operation  difficult  and  liable  to  be 
incomplete,  and  to  be  followed  by  inflammation 
and  sepsis.  Olshausen  and  others  have  removed 
the  whole  uterus  by  the  vaginal  method.  But 
in  the  pi-esent  day,  if  the  more  rational  methods 
have  failed  and  urgent  symptoms  threaten, 
coeliotomy,  separation  of  any  adhesions,  and 
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pulling  up  the  uterus,  is  undoubtedly  the  pre- 
ferable operation,  and  one  that  may  not  inter- 
rupt the  pregnancy.  This  has  been  done  eleven 
times  by  Jacobs,  surely  in  some  cases  unneces- 
sarily, and  once  by  Murdoch  Cameron  of 
Glasgow,  and  others.  But  cases  requiring  such 
a  proceeding  must  be  very  rare. 

Sacculation  of  the  Gravid  Uterus. — Partial 
Retroversion  or  Flexion.  —  In  the  advanced 
months  of  pregnancy,  cases  are  at  rare  times 
met  with  where  the  cervix  uteri  is  displaced 
upwards  close  behind  or  above  the  symphysis, 
difficult  to  reach,  and  the  pelvis  occupied  by  a 
tumour  which  careful  examination  proves  to 
be  the  posterior  uterine  wall  containing  the 
presenting  part  of  the  foetus,  whilst  above  the 
uterine  body  and  contents  form  a  well-marked 
abdominal  tumour. 

The  condition  can  be  realised  by  supposing 
a  retroverted  pregnant  uterus  which  has  been 
but  partially  righted,  the  cervix  high  up  behind 
the  pubis,  the  lower  part  of  the  posterior  wall 
remaining  in  its  abnormal  position,  whilst  the 
anterior  wall  has  been  developed  and  stretched 
sufficiently  to  allow  the  upper  pole  of  the  foetal 
body  to  rise  into  the  abdomen. 

Such,  too,  is  the  probable  origin,  in  some  cases, 
of  the  condition.  It  has,  however,  been  found 
associated  with  an  ovarian  tumour  (Croom),  and 
with  fibroid  tumours  of  the  uterus  (Dlihrssen 
and  Munro  Kerr).  Scanzoni  has  observed  it 
along  with  pendulous  abdomen,  to  which  con- 
dition he  ascribes  it. 

Pressure  symptoms  are  liable  to  be  trouble- 
some. Barnes  reports  a  case  where  the  ureters 
became  involved. 

Spontaneous  rectification  has  been  observed 
before  and  also  during  labour.  The  pelvic 
tumour  has  also  been  successfully  pushed  up, 
and  the  cervix  brought  to  its  normal  position, 
during  gestation.  Labour  may  not  ensue  till 
full  term,  but  is  liable  to  be  premature. 

An  analogous  condition  affecting  the  anterior 
wall  may  be  met  with.  The  cervix  is  then  far 
back  and  drawn  upwards — to  be  reached  only 
by  introduction  of  the  hand  into  the  vagina 
under  anaesthesia.  Such  cases  have  been  mis- 
taken for  pathological  occlusion  of  the  os,  and 
the  cervix  incised. 

If  reduction  has  not  been  effected  before 
labour  sets  in,  the  first  stage  is  certain  to  be 
protracted.  The  uterine  force  cannot  act  directly 
on  the  OS  uteri.  The  presenting  part  should  be 
pushed  up,  artificial  dilatation  of  the  os  used, 
and  the  anterior  lip  drawn  forward  or  the 
posterior  pushed  back,  according  to  the  condi- 
tion. Version  or  the  forceps  may  be  employed, 
careful  support  being  given  to  the  cervix  during 
extraction. 

Pathological  Changes 
Cancer  of  the  Uterus  and  Pregnancy. — 
During  the  child-bearing  period,  cancer  of  the 


body  of  the  uterus  is  very  rare  :  pregnancy  in 
this  condition  probably  never  occurs.  If  it  did, 
an  early  abortion  would  almost  certainly  result, 
and  would  likely  be  unrecognised,  as  the  pain 
and  hcemorrhage  would  be  assigned  to  the  pre- 
existing disease,  and  the  evidence  of  the  con- 
ception lost  in  the  discharges. 

The  same,  in  all  probability,  often  happens 
when  the  cervix  alone  is  involved.  But  that 
pregnancy  may  occur  under  this  condition  and 
advance  to  the  fall  term  there  is  but  too  ample 
evidence. 

To  the  medical  attendant,  a  case  of  pregnancy 
complicated  by  carcinoma  of  the  cervix  uteri 
must  be  throughout  a  cause  of  anxiety,  so 
numerous  are  the  risks,  and  uncertain  the  course 
of  gestation  and  progress  of  the  disease.  At 
the  same  time,  the  conditions  and  results  in 
different  cases  are  so  varied,  that  it  is  difficult 
to  arrive  at  any  reliable  conclusions  to  guide 
in  determining  what  in  a  special  case  will  be 
best  for  the  patient.  An  analysis  of  a  large 
number  of  cases  is  the  only  reliable  aid.  This 
will  be  found  in  a  valuable  paper  by  G.  Ernest 
Herman  in  the  London  Obstetrical  Transactions, 
vol.  XX.  p.  191,  1878.  Since  it  was  written, 
however,  the  advance  of  surgical  technique  and 
skill  has  modified  some  of  the  conclusions 
arrived  at. 

It  is  now  generally  accepted  that  pregnancy 
stimulates  the  activity  of  the  morbid  growth, 
though  at  one  time  the  opposite  was  believed. 
Whether  the  pregnant  state,  apart  from  any 
injuriovis  effect  of  labour,  hastens  or  retards  the 
general  constitutional  changes  which  directly 
lead  to  a  fatal  issue,  has  not  been  determined. 
Certainly  the  presumption  is  that  the  prognosis 
would  be  more  favourable  without  the  preg- 
nancy, and  not  made  worse  by  the  gestation 
being  ended.  The  improvement  that  has  often 
been  observed  after  the  puerperium  is  past 
supports  this  view. 

The  frequency  of  abortions  and  of  still  births 
is  increased,  and  labour  is  more  apt  to  be  pre- 
mature ;  the  prospects  of  the  child  are  therefore 
considerably  lessened.  These  considerations 
must  have  weight  in  considering,  in  a  case,  the 
advisability  of  artificially  emptying  the  uterus. 

In  the  early  months  of  pregnancy,  and  in  an 
early  stage  of  the  disease,  where  one  otherwise 
would  recommend  hysterectomy,  the  existence 
of  the  pregnancy  should  be  no  barrier  to  the 
operation.  Delay  is  dangerous,  as  by  the  time 
the  child  is  viable,  the  disease,  as  has  happened, 
may  have  so  advanced  as  to  contra-indicate  any 
attempt  at  removal  of  the  organ.  But  in  the 
later  months,  if  the  child  has  nearly  reached  a 
viable  age,  and  hysterectomy  is  deemed  suitable, 
the  mother  should  take  the  risk  of  a  short 
delay  rather  than  wholly  destroy  the  chances 
of  the  child. 

Where  hysterectomy  is  inadvisable,  or  the 
consent  of  patient  and  friends  is  refused,  it  may 
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be  possible  to  remove  the  greater  part,  if  not 
all,  of  the  diseased  structure  where  it  is  still 
circumscribed  and  the  neighbouring  tissues  are 
not  infiltrated.  The  dangers  are  not  greater 
than  in  the  non-gravid  condition,  and  the  risk 
of  inducing  abortion  has  proved  to  be  slight. 
The  prospects  of  the  patient  are  greatly  im- 
proved ;  gestation  may  go  on  to  full  term,  and 
end  in  a  labour  easier  than  otherwise  it  would 
have  been.  Even  if  abortion  did  follow,  it  is 
the  step  which,  without  the  operation,  might 
be  advisable.  It  is  now  generally  accepted 
that  before  the  sixth  month,  where  the  disease 
cannot  be  wholly  removed,  the  induction  of 
abortion  offers  the  best  chance  to  the  mother. 

The  tolerance  of  the  pregnant  uterus  to  opera- 
tions on  the  cervix  enables  one  to  meet  a  com- 
plication, where  it  has  been  decided  to  allow 
gestation  to  run  its  course.  Severe  or  repeated 
haemorrhages  may  seriously  affect  the  patient's 
strength.  The  ragged  and  cheesy  surface  can 
be  removed  with  the  curette,  well  into  the 
canal,  but  not  to  interfere  with  the  internal  os 
and  membranes,  and  the  cavity  thereafter 
plugged  with  iodoform  gauze.  The  bleeding- 
can  in  this  way  be  checked,  and  the  pain  from 
which  the  patient  has  suffered  is  often  relieved. 

In  thus  operating  on  the  cervix,  even  when 
removing  considerable  portions  of  the  diseased 
structure,  bleeding  is  seldom  considerable,  and 
is  easily  restrained  by  pressure  of  the  tampon. 

When  the  pregnancy  has  advanced  beyond 
the  sixth  month,  one  of  three  courses  can  be 
adopted: — 1.  To  induce  premature  labour j  2. 
To  wait  till  labour  ensues  spontaneously,  and 
then  meet  the  difficulties  as  they  arise ;  3. 
Csesarean  section  when  labour  begins,  or  pre- 
viously at  a  determined  time.  The  position  of 
the  latter  operation  is  very  different  from  what 
it  was  ten  years  ago.  It  can  now  be  performed 
with  comparative  safety.  It  is  no  longer  the 
last  resort  where  it  is  impossible  to  deliver  the 
patient  by  other  means,  but  it  is  to  be  preferred 
in  all  cases  where  delivery  by  the  natural 
passages,  though  possible,  is  certain  to  entail 
the  dangers  of  a  protracted  labour  with  much 
bruising  and  tearing  of  the  tissues.  The 
interests  of  the  child  also  are  better  safeguarded. 

The  question  of  treatment,  therefore,  turns 
on  forecasting  the  probable  difficulties  of  the 
labour,  and  the  prospect  of  life  to  the  mother 
should  she  survive  the  confinement. 

When  the  morbid  growth  is  limited  and  a  fair 
portion  of  the  cervical  tissue  is  free,  the  antici- 
pation of  difficulty  is  not  great.  It  has  not 
infrequently  been  found  that  when  even  the 
whole  circumference  of  the  os  uteri  was  involved, 
dilatation  has  been  accomplished  by  the  natural 
efforts,  tardily  it  may  be,  but  successfully,  and 
the  patient  made  a  good  recovery.  It  would 
appear  that  difficulty  in  full  dilatation  does  not 
depend  upon  the  extent  or  size  of  the  growth 
so  much  as  upon  its  consistence ;  if  the  cancer 


growth  be  soft,  and  the  surrounding  tissues  but 
little  involved,  it  will  not  offer  much  resistance 
to  the  uterine  force,  aided  if  need  be  by  the 
forceps.  The  expansion  in  most  cases  is  finally 
attained  hj  fissuring,  and  this  does  not  seem  to 
increase  the  dangers  to  the  mother. 

Following  this  indication  of  nature,  incisions 
with  scissors  have  been  made  with  marked 
benefit,  and  are  probably  to  be  preferred  to 
trusting  wholly  to  accident.  This  procedure 
has  proved  more  reliable  and  safer  than  attempts 
to  dilate  with  iudiarubber  bags. 

There  are  cases,  however,  where  the  risks 
likely  to  be  encountered  are  more  hazardous 
than  the  Ccesat-ean  operation,  especially  where 
the  morbid  growth  is  extensive  and  hard,  or 
the  neighbouring  tissues  are  infiltrated.  In  no 
case  should  the  decision  be  made  to  trust  to 
natural  efforts  without  a  careful  examiiiation 
per  rectiLm,  as  well  as  by  the  vagina ;  much 
more  information  can  thus  be  gained  of  the 
amount  and  consistence  of  the  parts  involved. 

It  should  be  noted  that  in  labour  it  has 
at  times  been  possible  to  remove  considerable 
portions  of  the  cancerous  growth  without  in- 
jurious effect,  and  labour  in  this  way  accom- 
plished. Successful  cases  have  been  recorded, 
but  also  unsuccessful,  and  in  these  the  feeling 
must  be  that  in  the  present  day  Csesarean 
section  would  have  been  preferable. 

It  has  been  argued  that  in  cases  where  diffi- 
culties are  likely  to  be  met  from  the  state  of 
the  cervix,  premature  labour  should  be  induced, 
as  the  obstruction  will  increase  rather  than 
lessen  by  waiting,  and  the  foetal  head  will  be 
larger.  To  the  mother,  any  benefit  to  be  gained 
is  slight,  whilst  to  the  child,  whose  claims  are 
now  paramount,  the  risks  would  be  inci-eased  by 
prematurity  and  the  difficult  delivery.  Csesarean 
section  conserves  its  interest,  and  can  be  done  if 
the  dreaded  increase  in  the  obstruction  has 
occurred,  and  is  to  be  preferred  where  otherwise 
craniotomy  is  the  only  resource.  In  the  milder 
cases,  forceps  are  safer  to  mother  and  child  than 
turning. 

Fibroid  Tumours  and  Pregnancy. — Small 
round  myomata  are  often  present  in  the  pregnant 
uterus,  and  cause  no  trouble.  Even  when 
multiple,  if  distributed  and  not  masked  together, 
or  if  single  and  of  moderate  size,  they  may  not 
influence  the  pregnancy  or  complicate  labour, 
provided  they  do  not  distort  the  uterine  cavity 
or  obstruct  the  passages,  and  no  untoward 
change  occurs  such  as  described  below.  These 
cases  do  not  call  for  interference.  Uterine  action 
is  not  impaired,  as  has  often  been  stated ;  but 
there  is  risk  of  malpresentations.  Hsemorrhage, 
too,  is  likely  should  the  placenta  be  attached  in 
the  situation  of  the  tumour.  The  bleeding,  in 
such  a  case,  might  be  difficult  to  control ;  prob- 
ably this  is  one  condition  where  packing  the 
uterine  cavity  would  be  preferable  to  the  ordinary 
hsemostatic  measures. 
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Different  is  the  prospect  where  the  tumour  is 
situated  in  the  lower  uterine  segment  or  cervix, 
and  lying  in  the  pelvis  or  immediately  above 
the  brim,  dangerously  narrowing  the  canal,  or 
preventing  the  foetal  head  engaging  the  brim. 
Cases  have  been  recorded  where  a  tumour  so 
situated  has  in  labour  been  drawn  up  by  uterine 
action  or  pushed  up  by  the  attendant,  and  the 
labour  successfully  terminated.  So  fortunate 
an  occurrence  as  the  first  cannot  be  reckoned 
on,  whilst  the  use  of  strong  artificial  force  has 
proved  injurious  or  futile  as  often  as  it  has 
been  successful.  If  the  tumour  is  in  the 
anterior  wall,  it  may  possibly  be  drawn  or 
pushed  up,  as  this  accords  with  the  natural 
mechanism  of  labour ;  but  in  the  posterior  wall 
no  such  natural  movement  takes  place,  elevation 
is  then  possible  only  when  the  tumour  is 
peduncular,  and  such  a  condition  might  be 
inferred  when  it  is  known  from  a  recent  vaginal 
examination  that  previously  no  tumour  occupied 
that  situation. 

The  presence  of  uterine  fibroids  is  recognised 
as  a  cause  of  repeated  lujemorrha(/es  during  gesta- 
tion, and  also  of  abortion.  When  the  uterine 
cavity  is  distorted  by  the  mass,  or  the  cervix 
involved,  much  difficulty  may  be  experienced 
in  completely  emptying  the  uterus.  When 
curetting  has  been  necessary,  or  there  is  fear 
that  small  portions  of  membrane  have  been 
retained,  thorough  washing  out  the  uterus 
should  be  repeated  daily  till  all  risk  is  past. 

Uterine  myomata  increase  in  size  with  the 
growth  of  the  uterus,  and  when  all  goes  well 
they  share  in  the  process  of  involution.  But 
during  this  growth  serious  effects  may  ensue, 
causing  much  suffering,  and  even  endangering 
life.  Some  are  purely  mechanical ;  others  are 
due  to  pathological  changes. 

Pressure  Symptoms.  —  Exhausting  pain,  ob- 
struction of  bowel  or  bladder,  or  local  oedema, 
may  set  in.  The  relation  of  a  myoma  to  the 
lower  segment  or  to  the  pelvis  may  change,  so 
that,  whilst  at  an  early  period  of  pregnancy 
no  obstruction  was  indicated  because  of  the 
high  position,  yet  before  full  term  is  reached 
it  may  have  descended  so  as  dangerously  to 
narrow  the  canal. 

Pathological  changes  in  the  myomata  not 
infrequently  occur.  The  rapidity  of  the  growth 
may  he  out  of  all  proportion  to  that  of  the  uterus. 
The  tumour  takes  on  an  independent  action, 
leading  to  pathological  changes  in  its  structure 
— softening  or  cystic — and  to  morbid  action 
in  contiguous  tissues,  especially  peritonitis  with 
adhesions.  The  tumour  may  continue  to  grow 
after  delivery,  or  degenerative  or  septic  changes 
ensue,  with  conseqiient  blood-poisoning,  or 
extreme  emaciation  as  in  malignant  affections. 

S^ohserous  pedunculated  myomata  are  especially 
liable  to  degenerative  changes,  and  to  contract 
adhesions  to  neighbouring  organs — probably 
from  twisting  of  the  pedicle  or  other  interference 


with  nutrition  whilst  under  the  stimulus  of 
pregnancy.  They  are  apt  to  slip  down  into 
the  pelvis  behind  the  uterus,  or  to  one  side, 
and  form  a  formidable  complication  in  labour. 
Their  treatment  will  be  discussed  later. 

Obstruction  to  the  passage  of  the  child,  then, 
is  not  the  only  point  in  the  determination  of 
the  question  of  interference.  The  liability  of 
pathological  changes  in  the  tumours  add  fresh 
complications.  Undue  rapidity  of  gi'owth, 
softening,  or  inequality  of  consistence,  ai'e 
important  elements  that  of  themselves  may 
warrant  operation ;  still  moi'e  if  the  woman  is 
exhausted  by  pain  or  sickness,  febrile  attacks, 
or  emaciation. 

Treatment. — The  improvements  in  surgical 
technique,  the  increased  knowledge  gained  by 
abdominal  sections,  and  the  greater  attention 
paid  to  the  subject  in  recent  years,  have  con- 
siderably modified  the  opinions  and  management 
in  vogue  in  previous  times.  In  this  paper  the 
endeavour  has  been  to  give  the  basis  upon 
which  the  question  of  interference  is  based ; 
the  time  and  mode  of  operation  must  vary  from 
time  to  time  as  experience  increases.  Various 
points  as  to  treatment  have  been  referred  to 
above ;  the  following  are  in  accordance  with 
the  results  of  the  operations  recorded  during  the 
last  twenty  years.  Details  of  the  operations 
cannot  be  discussed. 

As  indicated  above,  there  are  cases  that  may 
be  allowed  to  advance  to  full  term.  In  these 
unexpected  difficulties  may  ai'ise  in  the  course 
of  labour.  It  should  be  borne  in  mind  that  a 
protracted  labour,  complicated  by  mj^oma  ended 
with  difficulty  by  version,  forceps,  or  em- 
bryulcia,  is  as  dangerous,  if  not  more  so,  than 
Caesarean  section,  or  Porro-Csesarean  operation 
performed  under  favourable  circumstances — 
that  is,  before  the  patient's  strength  has  been 
exhausted,  or  futile  or  protracted  attempts  at 
delivery  have  been  made. 

"  On  reviewing  Lefour's  cases,  we  find  that 
of  66  which  terminated  unassisted,  32  ended 
fatally,  or  a  mortality  of  48*4  per  cent.  Of  35 
cases  of  versions,  21  died,  or  60  per  cent ;  while 
the  percentage  mortality  attached  to  forceps 
and  embryotomy  is  25-9  and  55"5  respectively." 
Dr.  John  Philips,  B.  M.  Journal,  June  21,  1888. 

Induction  of  abortion  or  of  premature  labour 
naturally  suggests  itself  as  the  least  formidable 
operation.  Experience  has  shown  that  it  is 
not  so,  especially  where  the  cavity  is  distorted. 
The  placenta  is  liable  to  be  retained,  and  in 
some  cases  it  has  been  impossible  to  reach  it 
by  the  hand.  The  tumour  may  also  make  the 
use  of  ovum  forceps  or  the  curette  extremely 
difficult.  The  risk  of  septictemia  is  great.  It 
is  not  an  operation  to  be  adopted  without 
careful  consideration.  Moreover,  a  subsequent 
operation  will  in  all  likelihood  be  necessary. 

Removal  of  the  Tumours  during  Pregnancy. — 
The  advance  of  sui'gery  has  now  provided  the 
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means  of  averting  the  dangers  that  are  immi- 
nent and  allowing  the  pregnancy  to  advance 
to  term.  According  to  their  relation  to  the 
uterine  walls,  tumours  have  now  been  success- 
fully removed  by  several  skilled  operators,  and 
in  a  large  proportion  of  these  without  inter- 
rupting the  course  of  gestation.  Peduncular 
myoma  that  are  growing  rapidly,  or  undergoing 
change  in  structure,  or  causing  pain,  should 
always  be  removed.  The  pedicle  is  liable  to 
become  twisted.  Myotomy  in  the  subserous 
form  has  in  a  few  cases  been  done,  but  it  in- 
volves much  greater  risks. 

When  the  local  or  constitutional  disturbances 
are  severe  and  threaten  to  be  serious,  by  coeli- 
otomy  the  condition  can  be  exactly  determined. 
Cases  have  occurred  where  a  peduncular  or 
otherwise  accessible  tumour  has  been  found 
and  removed,  the  urgent  symptoms  relieved, 
and  gestation  not  interrupted.  In  other  cases, 
it  proved  necessary  to  remove  the  uterus  with 
the  contained  foetus  intact,  "  Miiller's  ablation." 
When  uterine  conditions  preclude  pregnancy 
advancing  successfully,  this  •operation  should 
be  performed  eai'ly.  It  has  afforded  better 
results  in  skilled  hands  than  other  operations 
in  the  later  months. 

When  the  foetus  has  reached  a  viable  age,  in- 
duction of  labour,  with  a  possible  difficult 
delivery,  has  not  given  good  results.  No 
advantage  is  thus  to  be  gained.  When  there 
is  room  to  hope  for  a  favourable  delivery, 
natural  labour  may  be  waited  for.  If  there 
is  a  fair  probability  of  success  with  forceps  they 
may  be  cautiously  used,  but  not  long  persisted 
in.  The  case  is  different  from  ordinary 
narrowed  brim.  The  pressure  on  the  resist- 
ing structures  has  caused  subsequent  slough- 
ing and  disintegration  with  septicaemia.  The 
question  of  attempting  to  push  an  obstructing 
tumour  out  of  the  way  has  already  been  dis- 
cussed. Timiours  accessible  per  vaginam  have 
been  removed  during  labour.  Such  cases  must 
be  rare.  In  judging  of  the  advisability  of 
making  the  attempt,  it  must  be  remembered 
that,  though  successful,  and  the  labour  termi- 
nated, the  uterus  is  left  in  a  condition  where 
metritis  and  peritonitis  are  most  liable  to  occur. 
Peduncular  tumours  from  the  interior  of  the 
uterus,  when  found,  should  be  removed. 

Coisarean  section,  or  Porro's  operation,  at 
times  comes  to  be  the  only  resource  to  save 
the  woman's  life.  The  mortality  in  the  past 
has  been  great ;  but  this  has  been  largely 
due  to  the  fact  that,  in  the  majority  of  cases, 
the  operation  has  been  done  only  after  the 
patient  has  been  brought  into  a  very  unfavour- 
able state  by  delay  and  other  unsuccessful 
attempts  at  delivery.  If  performed  only  as  a 
selective  instead  of  compulsory  operation,  the 
chances  are  greatly  improved.  Simple  Ctesar- 
ean  section,  under  the  circumstances,  involves 
greater  risks :  from  the  uterus  being  left,  a 


subsequent  operation  might  become  necessary, 
and  there  is  a  possibility  that  the  woman  might 
again  become  pregnant.  The  Porro-Csesarean 
is  in  every  way  preferable.  The  only  condition 
where  it  would  be  impossible  is  where  the  cervix 
is  so  involved  in  the  morbid  growth  that  a 
stump  cannot  be  formed.  The  Csesarean  sec- 
tion alone  must  then  suffice.  (See  also  vol.  v. 
p.  304.) 

Ovarian  Tumours  in  Pregnancy.  —  An 
ovarian  tumour  constitutes  a  formidable  and, 
as  seen  from  the  large  number  of  cases  recently 
published,  a  not  uncommon  complication  of 
pregnancy.  Any  of  the  forms  of  ovarian 
tumour  may  be  met  with,  but  the  relative 
frequency  of  the  various  kinds  is  somewhat 
different  in  pregnancy.  The  proportion  of 
dermoid  tumours,  for  example,  is  much  greater 
than  in  the  non  -  pregnant.  According  to 
Olshausen,  they  constitute  about  3|  per  cent 
of  all  cases,  while  in  a  series  of  700  cases  associ- 
ated with  pregnancy  the  tumour  proved  to  be 
a  simple  or  multilocular  cyst  in  477,  a  dermoid 
in  165,  sarcomatous  or  carcinomatous  in  40, 
and  in  18  a  fibroma  or  solid  adenoma.  Various 
reasons  have  been  assigned  for  the  dispropor- 
tionate number  of  dermoid  tumours  ;  but  what- 
ever the  explanation,  the  fact  is  important,  as 
they  form  a  more  serious  complication  of 
pregnancy  than  the  ordinary  cystic  forms, 
owing  to  their  greater  liability  to  cause  inflam- 
matory symptoms. 

When  associated,  pregnancy  and  ovarian 
tumour  react  unfavourably  on  each  other,  and 
their  reciprocal  effects  are  of  clinical  import- 
ance. The  presence  of  the  tumour  undoubtedly 
predisposes  to  premature  interruption  of  the 
pregnancy,  but  this  tendency  has  been  much 
exaggerated.  At  any  rate,  it  is  exceptional 
for  abortion  to  occur  if  the  tumour  itself  escapes 
complications.  In  several  cases,  incarceration 
of  the  uterus  has  been  caused  by  an  ovarian 
tumour ;  while  in  the  end  of  pregnancy  the 
tumour,  more  particularly  when  large,  may 
prevent  the  head  from  entering  the  pelvic 
brim.  Even  the  largest  tumours  do  not  seem 
materially  to  interfere  with  the  development 
of  the  foetus.  On  the  other  hand,  pregnancy 
predisposes  in  a  marked  degree  to  the  various 
accidents  to  which  ovarian  tumours  are  liable. 
For  example,  tortion  of  the  pedicle  cyst,  sup- 
puration, and  rupture  are  relatively  much 
more  frequent  than  apart  from  pregnancy. 
It  is  sometimes  asserted  that  the  growth  of 
ovarian  tumours  is  accelerated  during  gestation, 
but  there  is  no  evidence  to  show  that  pregnancy 
exercises  any  uniform  influence  in  this  direction. 
Still  less  do  the  facts  support  the  view  advanced 
by  Wernich  that  pregnancy  causes  malignant 
degeneration  in  previously  benign  growths. 

The  symptoms  to  which  an  ovarian  tumour 
gives  rise  in  the  course  of  pregnancy  are  ex- 
tremely variable,  and  depend  largely  on  the 
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presence  or  absence  of  complications.  In  many- 
cases  there  are  no  symptoms  beyond  those  of 
pregnancy,  and  from  first  to  last  there  may  be 
nothing  to  suggest  to  the  woman  the  existence 
of  a  dangerous  complication.  More  often, 
however,  a  careful  inquiry  will  elicit  some 
unusual  features.  While  there  may  be  simply 
an  exaggeration  of  one  or  other  of  the  recog- 
nised symptoms,  occasional  attacks  of  pain,  of 
longer  or  shorter  duration,  are  frequently 
complained  of  in  the  region  of  the  affected 
ovary.  Disturbances  of  micturition  are  especi- 
ally common  in  the  early  months ;  and,  in  the 
case  of  large  tumours,  we  find  evidences  of 
mechanical  distension  in  oedema  of  the  legs  or 
abdominal  wall,  in  the  disturbed  digestive 
functions,  or  in  an  embarrassment  of  the 
respiration  which  may  be  so  great  as  to  demand 
speedy  relief.  But  it  is  when  complications  of 
the  tumour  supervene  that  we  get  the  most 
serious  and  characteristic  symptoms.  The 
clinical  features  of  these  are  identical  with  the 
same  attacks  in  the  non-pregnant.  Peritonitic 
attacks  are  especially  common,  and  occvirring 
during  pregnancy  should  always  suggest  the 
possibility  of  ovarian  disease. 

The  recognition  of  an  ovarian  tumour  during 
pregnancy  presents,  as  a  rule,  no  great  difficulty, 
and  must  rest  on  the  usual  physical  signs.  On 
inspection  a  double  tumour  will  often  be  ob- 
served, and  this  will  be  readily  confirmed  by 
palpation  and  bimanual  examination.  It  is 
where  the  tumour  is  very  large  that  the  diffi- 
culties are  greatest.  The  abdominal  signs  of 
pregnancy  may  then  be  entirely  obscured  ;  and 
even  within  a  few  weeks  of  term  it  may  be 
impossible  to  feel  the  foetal  parts  or  to  hear  the 
foetal  heart  sounds.  It  will  often  be  possible, 
however,  to  make  out  the  characteristic  uterine 
contractions.  An  important  aid  to  diagnosis  is 
to  be  found  in  the  method  employed  by 
Schroeder.  During  bimanual  examination  he 
fixes  the  cervix  uteri  with  a  volsellum,  which  is 
manipulated  by  an  assistant,  and  thus  helps  in 
the  differentiation  of  the  two  tumours. 

Many  mistakes  in  the  diagnosis  of  this  com- 
plication have  been  made  from  not  attaching 
sufficient  weight  to  the  signs  and  symptoms  of 
pregnancy  which  were  present.  In  a  patient 
with  ovarian  tumour  suppression  of  menstrua- 
tion should  always  suggest  pregnancy.  In  the 
absence  of  abdominal  signs  the  various  symp- 
toms, and  the  vaginal  signs,  more  especially  the 
characteristic  changes  in  the  cervix,  have  an 
increased  importance. 

The  association  of  pregnancy  with  an  ovarian 
tumour  will  always  be  a  cause  for  anxiety. 
Though  many  cases  pass  through  pregnancy 
and  the  puerperal  period  without  accident  or 
even  without  inconvenience,  experience  shows 
that  this  is  exceptional,  and  that  "  there  is  no 
security  against  some  formidable  catastrophe." 
In  a  large  series  of  cases  collected  by  the  writer 
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the  maternal  mortality  was  nearly  20  per  cent, 
and  even  this  would  have  been  much  higher 
but  for  operation  undertaken  on  the  develop- 
ment of  urgent  symptoms.  The  danger  lies  in 
the  possibility  of  complications  ;  and  these  may- 
be anticipated,  in  more  or  less  severe  form, 
during  pregnancy  or  the  puerperal  period  in 
nearly  every  second  case.  The  most  common 
complication  of  the  tumour  is  torsion  of  its 
pedicle,  which  is  met  with  in  over  12  per  cent 
of  the  cases. 

Treatment. — -Within  recent  years  the  treat- 
ment of  ovarian  disease  in  pregnancy  has  under- 
gone great  change.  Till  lately  it  was  the 
practice  to  avoid  interference  in  the  absence  of 
any  urgent  symptom ;  and  where  remedial 
measures  were  demanded,  either  to  aspirate  the 
tumour  or  to  induce  premature  labour.  These 
methods  are  now  discarded  or  reserved  for 
exceptional  cases ;  and  it  is  generally  held  that 
the  best  ti'eatment,  when  an  ovarian  tumour  is 
found  to  complicate  pregnancy,  is  immediate 
ovariotomy.  It  can  be  shown  that  ovariotomy 
gives  better  immediate  results,  for  mother  and 
child  as  well,  than  either  non-interference  or 
aspiration  of  the  cyst,  while  at  the  same  time 
it  relieves  the  woman  of  her  disease.  Though 
occasionally  it  may  be  more  difficult,  ovariotomy 
in  pregnancy  is  in  no  way  more  hazardous  than 
apart  from  pregnancy.  The  mortality  in  a 
large  series  of  cases,  including  those  fatal  cases 
in  which  some  complication  of  the  tumour 
preceded  operation,  was  only  3  per  cent,  while 
pregnancy  remained  undisturbed  in  over  70  per 
cent.  The  more  recent  cases  show  even  better 
results. 

There  is  a  disposition  among  many,  even  of 
those  who  in  general  advocate  ovariotomy,  to 
make  an  exception  in  the  case  of  small  tumours, 
which  they  believe  may  be  safely  treated  ex- 
pectantly, but  it  should  be  noted  that  dangerous 
complications  are  quite  as  frequent  in  the  small 
tumours  as  in  those  of  larger  size. 

As  to  the  time  at  which  ovariotomy  may  be 
most  safely  performed,  Dsirne  concluded,  from 
an  analysis  of  1 35  cases,  that  the  second,  third, 
and  fourth  months  gave  the  best  results  for  the 
mother,  and  the  third  and  fourth  months  for 
the  child.  A  larger  survey  shows  that  the 
operation  may  be  performed  with  almost  equal 
safety  for  mother  and  child  at  any  period  of 
gestation.  There  is,  in  fact,  no  elective  period 
for  ovariotomy  in  pregnancy.  Whenever  an 
ovarian  tumour  is  detected  during  pregnancy, 
no  matter  how  small,  the  rule  should  be  to 
advise  its  immediate  removal. 

Affections  and  Complications  other  than 
those  of  the  Generative  Organs 
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The  affections  and  accidental  complications  of 
pregnancy  will  naturally  include :  (A)  those 
which  can  be  distinctly  traced  to  the  presence 
of  the  gestation,  and  which  may  be  one  of  three 
classes  :  (a)  Direct  results  of  sympathetic  irrita- 
tion, as  sickness  ;  neuroses,  or  pathological  ex- 
aggerations of  the  physiological  conditions  of 
pregnancy ;  Mechanical  results  of  pressure, 
as  from  some  uterine  displacement ;  (y)  Complex, 
i.e.  partly  neurotic,  partly  mechanical,  and 
partly  obscure  nutrition  changes  produced  by 
the  pregnant  state. 

(B)  Those  which  may  arise  apart  from  preg- 
nancy or  are  grafted  upon  or  are  independent  of 
it,  but  which  seriously  interfere  in  many  cases 
with  its  normal  course,  e.g.  the  specific  fevers. 

It  is  obviously  impossible  to  classify  each 
symptom  or  disease  under  one  of  the  above 
headings,  and  it  has  been  deemed  preferable  to 
give  them  in  detail  under  the  various  "systems" 
involved. 

I.  The  Nervous  System. — Pregnancy  intensi- 
fies the  susceptibility  of  the  nervous  system ; 
all  parts  of  it  are  liable  to  be  affected.  Thus, 
in  considering  the  special  senses  we  may  meet 
with  amblyopia  (apart  from  nephritis),  hemera- 
lopia,  deafness,  perversion  of  taste  and  smell, 
and  loss  of  one  or  both.  In  the  psychic  state 
we  meet  with  uncertainty  of  temper,  melancholia, 
and  insomnia.  The  motor  tracts  are  rarely  in- 
volved. Among  vaso  motor  disturbances  there 
occur  neuralgias,  vertigo,  syncope,  local  anaes- 
thesia, paresis.  There  are  also  the  reflex 
symptoms  of  hiccough  and  cough.  All  of  these 
complications  are  as  a  rule  less  noticeable  during 
the  second  half  of  pregnancy  than  during  the 
earlier  portion.  Locomotor  ataxy,  progressive 
muscular  atro]phy,  and  general  paralysis  of  the 
insane  may  occasionally  complicate  pregnancy, 
but  so  far  as  can  be  ascertained  from  the  few 
cases  reported  nothing  abnormal  in  the  course 
of  the  gestation  has  been  observed. 

Convulsions  may  be  due  to  epilepsy,  hysteria, 
or  albuminuria  {see  "Eclampsia"  and  "Neph- 
ritis ").  Epileptic  seizures  are  not  attended  by 
any  interference  with  the  course  of  pregnancy. 
It  is  said  that  the  fits  may  arise  for  the  first 
time  during  this  condition,  ljut  this  is  doubtful; 
there  is  no  albuminuria. 

Among  the  more  important  instances  of  para- 
lysis are  paraplegia,  hemiplegia,  and  paralysis 
of  the  face  and  of  the  nerves  of  special  sense. 
Many  of  these  are  complicated  by  albuminuria. 
Under  these  conditions  it  is  generally  advisable, 


if  the  albumin  does  not  disappear  with  ordinary 
treatment,  to  induce  labour.  On  the  other 
hand,  all  of  them  may  be  due  to  affections  un- 
accompanied by  albuminuria,  such  as  in  cerebral 
and  spinal  haemorrhages. 

Chorea  is  a  grave  complication.  In  the 
majority  of  cases  the  disease  existed  during 
childhood  or  at  puberty.  It  is  usually  bilateral. 
Primigravidae  appear  to  be  much  more  fre- 
quently attacked  than  multiparas.  It  does  not, 
as  a  rule,  complicate  subsequent  pregnancies. 
Buist  places  the  mortality  very  high,  one  in  five 
proving  fatal.  In  addition  to  this  there  is 
certainly  a  tendency  to  a  permanent  resulting 
disturbance.  None  of  the  usual  drugs  appear 
to  have  much  eff"ect  in  ameliorating  the  condition, 
and  the  obvious  treatment  in  a  large  number  of 
cases,  especially  if  the  movements  are  tending 
to  increase,  is  artificial  interruption  of  the 
pregnancy. 

Tetany  (tetanilla)  is  a  tonic,  usually  painful 
spasm,  beginning  in  and  often  limited  to  the 
muscles  of  the  extremities,  chiefly  the  hands. 
It  is  always  symmetrical.  No  loss  of  conscious- 
ness has  been  observed.  The  attacks  are  "in- 
termittent and  of  short  duration  (five  to  fifteen 
minutes)  "  ;  they  may  recur  daily.  The  spasms 
are  preceded  by  tingling  or  numbness  in  the 
parts  presently  to  be  affected,  and  the  same 
sensations  follow  the  relaxation  of  the  spasm. 
It  is  commoner  in  delicate  than  in  robust 
women.  There  is  no  pyrexia,  and  it  may  be 
looked  upon  as  a  slight  ailment  tending  always 
to  spontaneous  recovery. 

Tetanus  is  as  rare  as  tetany.  "  The  spasm 
begins  in  the  muscles  of  the  face  and  neck 
(trismus)  and  advances  centrifugally,  with 
opisthotonos."  The  spasm  is  constant,  and 
subject  to  exacerbations.  The  temperature  is 
usually  raised,  and  the  disease  practically  always 
terminates  fatally.  Robust  patients  are  most 
frequently  attacked.  Both  of  these  conditions 
must  be  diagnosed  from  hysteria  and  spinal 
meningitis. 

II.  Digestive  and  Sympathetic  Disturbances. 
■ — A  certain  amount  of  nausea  and  vomiting  of 
a  glairy,  frothy  material,  especially  in  the  early 
morning  on  first  assuming  the  upright  position, 
is  the  rule  in  the  early  months  of  pregnancy. 
The  nausea  has  been  compared  to  sea-sickness. 
This  usually  ceases  as  the  uterus  rises  out  of 
the  pelvis,  and  remains  absent  for  the  remainder 
of  the  gestation  period.  In  some  cases  the 
vomiting  of  at  least  one  meal  a  day  may  persist 
throughout  the  nine  months  without  any  bad  con- 
stitutional effect  arising  beyond  slight  wasting. 
Under  certain  conditions,  fortunately  rarely, 
graver  symptoms  arise,  all  nourishment  is  re- 
jected, and  as  a  consequence  marked  emaciation 
sets  in,  the  aspect  of  the  patient  becomes  pinched 
and  anxious,  the  tongue  dry  and  brown  ;  the 
temperature  and  pulse  gradually  rise,  and  she 
may  gradually  pass  into  a  state  of  delirium  and 
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die  unless  relieved  by  spontaneous  abortion  or 
artificial  interruption  of  the  pregnancy.  This 
condition  is  usually  called  the  "  uncontrollable 
vomiting  of  pregnancy."  Occasionally  it  is  dis- 
covered that  a  retroverted  incarcerated  uterus 
is  the  cause  of  all  the  distress.  Treatment  of 
the  minor  cases  of  sickness  is  suflSciently  simple. 
The  patient  should  be  directed  to  keep  the 
bowels  regular  daily  by  means  of  a  cascara  and 
belladonna  pill,  to  take  simple  and  digestible 
food,  and  to  drink  a  cup  of  tea  and  eat  a  rusk 
before  rising  in  the  morning.  An  effervescing 
mixture,  with  hydrocyanic  acid,  thrice  daily 
is  as  a  rule  the  only  medical  treatment  required. 
If  the  vomiting,  however,  persists  various  other 
remedies  have  been  suggested,  such  as  oxalate 
of  cerium  (gr.  v.)  in  pill  three  times  daily,  as 
recommended  by  Simpson,  small  doses  of 
morphia,  or  hydrochlorate  of  cocaine.  Should 
these  fail  it  may  be  necessary  to  put  the  patient 
to  bed  and  feed  her  entirely  on  nutrient 
enemata,  the  thirst  being  relieved  by  the  sipping 
of  hot  water.  In  severe  cases  certain  local 
applications  have  been  applied  to  the  cervix 
with  considerable  benefit.  The  author  has 
been  accustomed  to  apply  a  solution  of  cocaine 
or  strong  tincture  of  iodine  through  a  speculum 
by  means  of  a  camel's-hair  brush.  In  some 
cases  this  has  been  followed  by  almost 
instantaneous  relief,  in  others  has  absolutely 
failed.  Should  the  iiterus  be  retroverted  and 
impacted  it  is  best  to  draw  off  the  urine,  push 
the  fundus  above  the  pelvic  brim,  and  support 
it  there  by  means  of  a  watch-spring  ring 
pessary.  Chapman  recommends  the  applica- 
tion of  spinal  ice-bags  in  Intractable  cases,  but 
no  great  success  seems  to  have  attended  this 
method.  Copeman  advocated  the  dilatation  of 
the  cervix  with  the  finger,  and  stated  that  he 
met  with  many  favourable  results  from  the 
adoption  of  this  procedure.  It  is  obvious, 
however,  that  it  must  only  be  resorted  to 
with  the  greatest  caution,  as  a  miscarriage  may 
easily  be  induced. 

Should  the  vomiting  persist  in  spite  of  the 
above  -  mentioned  remedies,  nothing  remains 
but  to  procure  abortion ;  this  should  not  be 
too  long  delayed,  and  should  only  be  carried 
out  after  the  practitioner's  opinion  has  been 
fortified  by  another  authority.  The  intro- 
duction of  one  or  more  laminaria  tents  is  the 
better  plan,  although  the  completion  of  the 
operation  at  one  sitting  by  means  of  Hegar's 
dilators  and  the  curette  has  been  strongly 
advocated  by  many  obstetricians.  Unfortun- 
ately, even  this  does  not  always  save  the 
patient,  more  especially  if  interference  has 
been  unnecessarily  delayed. 

Minor  forms  of  digestive  disturbance  which 
may  be  mentioned  are  capricious  appetite 
(pregnancy  longings),  toothache,  heartburn, 
and  flatulence. 

Constipation  is  the  rvile  in  the  pregnant 


woman,  more  especially  in  the  earlier  months 
if  the  patient  is  naturally  of  a  constipated 
habit ;  it  is  probably  due  to  interference  with 
the  venous  circulation  and  interchange  of 
fluids,  later  to  pressure  of  the  uterus.  Unless 
great  care  be  adopted  the  colon  may  become 
filled  with  hard  scybala,  which  may  remain 
there  throughout  the  pregnancy,  and  only 
give  rise  to  trouble  after  parturition  has  taken 
place.  Purgation  produces  a  diarrhoea  which 
may  easily  deceive  both  practitioner  and  patient 
without  evacuating  the  contents  of  the  dis- 
tended colon. 

Ptyalism  is  a  very  distressing  complication, 
and  although,  as  a  rule,  the  flow  of  saliva  is 
not  excessive,  in  some  marked  cases  it  may 
amount  to  at  least  a  quart  in  the  twenty-four 
hours.  The  patient  may  find  it  necessary  to 
spend  her  time  catching  the  saliva  which  flows 
from  her  mouth  into  a  bowl.  The  salivary 
glands  are  often  enlarged  and  tender.  No 
remedy  but  the  termination  of  pregnancy  seems 
to  be  of  any  avail,  but  astringent  gargles  with 
counter-irritation  over  the  parotid  areas  may 
be  tried. 

Jaundice  (icterus)  may  be  due  (a)  to  catarrh 
of  the  bile-ducts ;  (i)  to  acute  yellow  atrophy ; 
(c)  malignant  disease.  Icterus  should  always 
be  looked  upon  with  a  certain  amount  of 
apprehension  when  complicating  pregnancy, 
and,  so  long  as  it  runs  the  usual  course,  no 
special  treatment  is  necessary ;  should  it, 
however,  persist,  the  patient  may  be  the  subject 
of  acute  atrophy  or  possibly  malignant  disease. 
The  former  consists  in  "  poisoning  of  the 
system  by  an  accumulation  of  bile-acids  in 
the  blood,  together  with  secondary  degenera- 
tion of  the  parenchyma  of  the  great  glands  and 
of  the  substance  of  the  muscles,  especially  of 
the  heart."  A  diagnosis  must,  of  course,  be 
made  from  acute  phosphorus  poisoning.  The 
prognosis  is  very  grave  as  regards  both  mother 
and  the  foetus.  The  question  of  induction  of 
abortion  should  usually  be  decided  in  the 
negative.  Carcinoma  is  only  recognised  with 
difficulty  during  pregnancy,  but  it  is  quite 
obvious  after  the  uterus  has  been  emptied  of 
its  contents.  Induction  of  premature  labour 
may  be  necessary  to  relieve  the  intense  pain 
which  frequently  accompanies  this  condition. 

Diabetes  as  a  disorder  of  the  hepatic  gly- 
cogenic function  has  been  inserted  here ;  it 
must  not  be  confused  with  physiological 
glycosuria,  which  is  frequently  present  in 
normal  pregnancies.  It  is,  fortunately,  a  rare 
condition,  and  we  owe  to  Matthews  Duncan 
any  knowledge  there  is  on  the  subject.  He 
reported  twenty-two  cases,  of  which  four  ended 
fatally  during  the  puerperium  from  collapse 
or  coma.  He  concludes  from  his  researches 
into  the  histories  of  published  cases  that 
diabetes  may  come  on  during  pregnancy,  and 
that  it  may  cease  with  the  termination  of  that 
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condition.  Diabetics  are  not  necessarily  sterile, 
but  pregnancy  is  very  liable  to  be  interrupted 
in  its  course,  and  nearly  always  in  consequence 
of  foetal  death. 

Diabetes  insipidus  has  been  noted  in  many  cases 
of  pregnancy.  The  amount  of  urine  passed 
may  reach  as  much  as  300  ounces  in  24  hours. 
It  appears  to  set  in  about  the  fifth  or  sixth 
month,  and  to  disappear  entirely  after  labour. 

III.  Cardio-vascular  Disturbances. — Dur- 
ing pregnancy  the  work  of  the  heart  is  aug- 
mented owing  to  the  larger  quantity  of  blood 
and  the  increased  resistance  in  its  circulation. 
During  the  later  months  this  task  is  added  to 
in  consequence  of  the  decreased  power  of  expan- 
sion of  the  thorax  and  the  compression  of  the 
large  abdominal  veins  by  the  pregnant  uterus. 
In  spite  of  this  additional  work,  a  healthy  heart 
is  possessed  of  so  much  reserve  force  that  hyper- 
trophy is  unnecessary.  Larcher  affirms  that  in 
all  cases  of  pregnancy  there  is  hypertrophy  of 
the  left  ventricle.  Should  the  balance  between 
the  heart's  beat  and  the  increased  amount  of 
blood  be  disturbed  we  meet  with  such  complica- 
tions as  palpitation,  temporary  vertigo,  faint- 
ness,  and  dyspnoea ;  these  need  give  rise  to  no 
anxiety  provided  the  heart  muscle  and  valves 
are  sound. 

The  pregnant  woman  may  be  the  subject  of 
several /oj7?is  of  cardiac  lesion.  They  ai'e  :  (1) 
Adhesions  from  former  pericarditis,  among  which 
would  be  included  those  in  which  the  heart  has 
been  displaced  by  pleural  adhesions ;  (2)  Myo- 
carditis and  degeneration  of  the  cardiac  muscle  ; 
(3)  Endocarditis,  chiefly  affecting  the  valves 
(valvular  heart  disease) ;  and  (4)  Acute  endo- 
carditis grafted  upon  the  chronic  form.  It  is 
important  to  bear  in  mind  that  valvular  disease 
is  not  the  only  form  of  cardiac  disorder  which 
may  give  trouble  :  all  the  above-mentioned  con- 
ditions may  produce  much  distress  and  danger 
when  complicating  pregnancy,  and  it  is  fre- 
quently less  often  owing  to  a  disturbed  valvular 
mechanism  than  to  a  loss  of  reserve  force  of  the 
heart  that  the  so-called  compensatory  disturb- 
ances arise.  When  compensation  becomes  in- 
sufficient during  pregnancy  certain  phenomena 
occur  in  greater  or  less  severity :  these  are 
varicosities  of  the  legs  and  labia,  oedema  of  the 
feet,  legs,  and  vulva,  or  even  general  anasarca, 
palpitation,  and  syncope,  irritable  cough,  bron- 
chitis with  dyspnoea  and  cyanosis,  haemoptysis, 
albiiminuria,  and,  lastly,  serous  effusions  into 
the  peritoneal  and  pleural  cavities.  Aortic 
stenosis  is  certainly  the  most  dangerous  form 
of  valvular  lesion ;  but  many  women  with 
marked  mitral  lesions  may  go  through  preg- 
nancy and  labour  without  untowai'd  symptoms 
arising,  provided  compensation  be  present. 
Abortion  and  premature  labour  occur  frequently, 
and  it  is  proved  by  statistics  that  fatal  results 
are  nearly  twice  as  frequent  in  cardiopathic 
multiparse  as  in  primigravidie. 


Treatment  in  mild  cases  should  be  confined 
to  the  avoidance  of  over-fatigue,  too  much  stair- 
work,  and  the  regulation  of  the  bowels,  straining 
at  stool  being  especially  avoided.  Compensatory 
disturbances  may  appear  as  early  as  the  ninth 
week  of  pregnancy,  though  as  a  rule  not  until 
the  fifth  month.  Should  albuminuria  set  in  it 
must  be  looked  upon  as  a  serious  phenomenon. 

As  a  rule  a  mixture  of  liquor  arsenicalis,  TtXv., 
and  liquor  ferri  dialysati  Ttlx.,  or  liquor  strych- 
niae  TJlv.  thrice  daily,  will  counteract  the  an- 
semia  and  want  of  tone  in  these  cases ;  a  stimu- 
lating mixture  of  ether  and  ammonia  will  be 
useful  to  cope  with  the  attacks  of  syncope. 

Should  marked  oedema  or  effusion  set  in  with 
dyspnoja,  the  exhibition  of  digitalis  in  the  form 
of  tincture  or  infusion  will  be  indicated,  more 
especially  where  the  lesion  is  valvular  and  of 
the  mitral  variety ;  it  is  contra-indicated  in 
aortic  disease.  Tincture  of  strophanthus  (niiii.- 
Ttix.)  is  in  some  cases  an  extremely  valuable 
heart  tonic,  but  its  administration  is  also  not 
advisable  in  aortic  stenosis.  Treatment  by  in- 
duction of  abortion  may  be  attended  by  very 
grave  results.  Schlager  reports  three  cases  in 
which  he  resorted  to  induction  of  premature 
labour,  all  of  which  terminated  fatally.  We 
must  consider  that  the  condition  of  any  patient 
in  which  it  is  thought  necessary  is  one  of  ex- 
treme gravity,  and  the  mere  fact  of  interrupting 
the  pregnancy  will  not  stay  the  cardiac  de- 
generation which  is  going  on. 

Varicose  veins  are  most  often  observed  in 
multiparse,  although  they  are  not  uncommon 
in  primigravidse.  They  may  be  capillary  in 
form,  "  in  which  case  an  arborescent  network 
of  bluish  vessels  is  seen  round  the  ankles,  and 
especially  on  the  inner  surface  of  the  thighs."' 
The  deep  veins  lying  below  the  point  of  division 
of  the  iliac  veins  are  also  involved,  as  is  shown 
by  the  constant  occurrence  of  haemorrhoids  and 
vulval  varicocele.  The  left  limb  is  affected 
more  than  the  right,  and  more  towards  the 
latter  end  of  pregnancy. 

The  chief  danger  in  connection  with  these 
varicosities  is  the  possibility  of  thrombosis  and 
embolism.  Spiegelberg  has  seen  four  fatal  cases, 
of  this  kind.  Another  danger  is  that  by  ulcera- 
tion or  traumatism  one  of  the  veins  may  rupture 
and  profuse  haemorrhage  follow.  This  is  especi- 
ally the  case  in  the  vulva,  where  the  accidental 
rupture  of  a  plexus  by  a  broken  utensil  has 
been  known  to  lead  to  fatal  bleeding. 

Hcemo^'rhoids  are  probably  the  most  frequent 
and  distressing  complications  of  advanced  preg- 
nancy ;  treatment  should  be  upon  the  same 
lines  as  in  the  non-gravid  state,  and  requires 
no  further  notice  here. 

Thyroid  enlargement  is  very  usual  to  a  slight 
extent,  and  was  observed  by  ancient  writers ; 
it  is,  as  a  rule,  a  purely  vascular  change,  and 
unless  there  is  a  true  goitre  present,  disappears 
after  the  termination  of  the  pregnancy. 
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IV.  Blood  Changes.  — -  The  blood-mass  or 
actual  quantity  of  blood  is  markedly  increased 
during  gestation,  and  more  especially  in  the 
later  months,  producing  a  spurious  plethora. 
Its  composition  is,  however,  very  radically 
changed,  and  becomes  more  watery,  the  albumin 
is  deficient  in  the  serum,  and  the  red  corpuscles 
are  diminished  in  number.  In  addition  to  this 
the  fibrinous  element  is  much  increased,  as  are 
urea  and  extractives,  especially  after  the  sixth 
month.  Hence  the  blood  condition  is  really 
one  of  ansemia  rather  than  plethora.  It  has 
been  shown  by  Wilcocks  that  the  blood  of 
pregnancy  differs  from  chlorosis  in  that  the 
individual  blood  cells  are  not  impoverished  in 
the  former,  "but  are  lessened  in  comparative 
number  owing  to  an  increase  in  the  water  of  the 
plasma,  the  result  of  the  progressive  enlarge- 
ment of  the  vascular  area  during  pregnancy." 
In  both  conditions  the  haemoglobin  is  lessened. 

This  watery  state  of  the  blood  may  be  much 
exaggerated  under  certain  circumstances,  giving 
rise  to  what  is  called  (a)  hydrwniia  or  serous 
plethora ;  it  consists  of  serous  effusion  into  the 
cellular  tissue  and  peritoneal,  pleural,  and  peri- 
cardial cavities.  The  oedema  may  occasionally 
form  very  rapidly,  and,  if  in  the  thorax,  is 
attended  by  great  danger.  The  lower  ex- 
tremities are  also  frequently  affected,  but  the 
face,  as  a  rule,  remains  free,  and  there  is  no 
albumin.  This  oedema  must  be  carefully  dis- 
tinguished from  the  ordinary  pufiiness  of  the 
feet  and  legs  which  is  so  frequent  in  the  later 
months  of  normal  pregnancy. 

(^)  The  second  type  to  which  this  poverty  of 
blood  may  lead  is  progressive  ■pernicious  a7icemia. 
In  this  condition  too  few  red  corpuscles  are 
produced,  and  too  many  shrunken  and  ill-de- 
veloped ones  are  thrown  into  the  circulation. 
Fatty  degeneration  of  the  heart,  especially  of 
the  papillse,  follows,  and  a  somewhat  similar 
change  in  the  minor  coats  of  the  arteries  and 
capillaries.  The  disease  begins  very  insidiously 
during  the  early  months,  but  the  graver  symp- 
toms do  not  manifest  themselves  until  later ; 
the  prognosis  is  extremely  grave.  Of  Graefe's 
25  cases  almost  all  died.  Abortion  frequently 
occurs ;  induction  of  labour  is  absolutely  in- 
dicated, and  as  early  as  a  diagnosis  is  made. 
Transfusion  has  been  tried,  but  has  been  so  far 
attended  by  uniformly  fatal  results.  The  treat- 
ment of  extreme  cases  of  ansemia  must  be 
dietetic  and  medicinal.  The  diet  should  be 
easily  assimilated,  and  consists  of  milk,  eggs, 
and  beef  tea,  while  iron  in  all  forms  and  com- 
bined with  arsenic  or  phosphorus  is  strongly 
indicated. 

Purpura  hmniorrhagica  is  defined  by  Immer- 
mann  as  an  acquired  and  transitional  diathesis 
which  suddenly  and  unexpectedly,  and  always 
sporadically,  occurs  in  persons  who  have  been 
apparently  quite  healthy,  and  which  cannot  be 
traced  to  family  taint  or  history  as  in  haemo- 


philia. The  prognosis  is  extremely  serious 
when  complicating  pregnancy,  the  large  majority 
proving  fatal.  Abortion  or  premature  labour 
almost  inevitably  takes  place,  but  at  variable 
periods,  either  owing  to  the  serious  genei'al  dis- 
turbance or  to  haemorrhage  into  the  placenta. 
The  disease  is  not  transmitted,  so  far  as  has 
been  observed,  to  the  fostus ;  it  is  certainly  one 
of  the  causes  of  intra-uterine  death. 

V.  Syphilis.  —  If  infection  be  recent  this 
disease  is  followed  by  the  usual  primary  symp- 
toms ;  the  secondary  and  tertiary  signs  are 
usually  of  a  mild  type,  probably  due  to  the 
more  active  processes  of  nutrition  in  the  preg- 
nant condition. 

Constitutional  syphilis  has  a  very  injurious 
influence  on  the  foetus  ;  intra-uterine  death  may 
occur,  followed  by  abortion,  or  if  the  child  is 
born  alive  it  is  either  premature  or  very  weakly, 
and  may  die  early.  Should  it  appear  healthy 
at  birth  congenital  symptoms  speedily  set  in, 
taking  the  form  of  marasmus,  nasal  ozsena, 
corneitis,  rashes,  and  characteristic  dentition. 

The  placenta  may  be  aftected  in  two  ways : 
either  a  general  fibrosis  may  invade  its  sub- 
stance, or  distinct  gummata  may  be  formed. 

A  woman  who  has  given  birth  to  a  syphilitic 
child  may,  according  to  Colles,  expose  herself  to 
infection  by  suckling  it  or  otherwise  without  risk. 

Treatment  during  pregnancy  should  always 
be  systematically  carried  out ;  mercury  and 
iron,  combined  with  a  little  opium,  being  given 
in  the  form  of  pill  thrice  daily  throughout  the 
gestation  period. 

VI.  Pulmonary  Disturbances. — There  seems 
to  be  a  slight  increase  in  the  amount  of  carbonic 
acid  discharged  from  the  lungs  during  preg- 
nancy. During  the  later  months  there  is  a 
diminution  in  the  vital  capacity  of  the  lungs, 
the  thorax  being  increased  in  breadth,  but 
diminished  in  its  antero-posterior  diameters — 
this  being  exactly  reversed  after  the  termination 
of  labour.  The  changes  are  due  probably  "  to 
the  diaphragmatic  points  of  insertion  being 
pulled  upon  by  the  descending  uterus  ;  the  base 
of  the  thorax  yields  at  its  weakest  spot,  i.e.  the 
anterior  wall,  the  flexible  costal  cartilage  being 
attached  there."  The  result  of  this  is  that  the 
sternum  recedes,  thus  reducing  the  antero- 
posterior thoracic  diameter,  while  the  ribs  be- 
come increased  in  their  lateral  curves.  These 
physical  changes  will  account  for  the  feeling  of 
oppression  felt  by  the  patient  towards  the  end 
of  pregnancy,  and  the  relief  obtained  by  the 
"lightening  before  labour"  when  the  uterus 
sinks  deeply  into  the  pelvic  brim. 

Among  acute  pulmonary  diseases  pneumonia, 
although  extremely  rare  in  the  pi-egnant  woman, 
is  markedly  fatal.  The  gestation  may  be  inter- 
rupted, but  this  is  more  likely  to  occur  in  the 
later  months ;  this  is  probably  due  to  the  in- 
complete aeration  of  the  maternal  blood,  and 
partly  to  the  death  of  the  foetus,  which  is  the 
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result  of  the  high  temperature.  Double  pneu- 
monia is  always  fatal,  and  septic  processes  are 
found  to  be  much  more  frequent  sequels  to 
labour  than  in  normal  cases.  Induction  of 
premature  labour  is  contra-indicated,  all  treat- 
ment being  directed  to  the  pulmonary  lesion. 

Phthisis  does  not  necessarily  lead  to  sterility  ; 
the  effect  of  pregnancy  upon  this  lesion  was 
formerly  thought  to  be  favourable,  but  at 
present  the  reverse  seems  to  be  the  generally 
accepted  opinion.  As  to  whether  this  condition 
favours  the  growth  of  tubercle  or  not  is  a  little 
undecided.  Treatment  by  artificial  abortion  is 
strongly  contra-indicated,  and  the  induction  of 
premature  labour  is  only  admissible  when  the 
enlarged  uterus  interferes  mechanically  with  the 
expansion  of  the  lungs. 

Bronchitis  of  the  chronic  type  leads  to  much 
dyspnoea  and  distress  during  pregnancy,  and  the 
engorgement  of  the  right  heart  may  become  so 
marked  that  venesection  or  leeching  may  be 
necessary ;  it  is  frequently  followed  by  great 
and  immediate  relief. 

Pleurisy  leading  to  effusion  or  empyeema 
must  be  treated  after  the  same  methods,  surgi- 
cal and  otherwise,  as  would  be  followed  if  the 
disease  attacked  the  unimpregnated  female. 
{See  "  Pleura.") 

VII.  Renal  Affections. — In  the  kidneys  of 
the  pregnant  woman  hypersemia  and  increased 
epithelial  proliferation  are  found,  and  cannot  be 
attributed  to  the  result  of  the  pressure  of  the 
enlarged  uterus.  The  urine  is  somewhat 
altered ;  it  may  be  acid,  rarely  alkaline.  As 
pregnancy  advances,  phosphates,  sulphates, 
urea,  and  uric  acid  decrease,  while  water  and 
chlorides  increase  ;  the  marked  watery  condition 
of  the  urine  is  due  to  increased  arterial  tension. 
To  this  latter  factor  the  presence  of  transient 
or  permanent  albuminuria  is  due.  There  seems 
little  doubt  that  vesical  haemorrhage  or  catarrh 
of  the  mucous  membrane  may  occur,  leading  to 
a  temporary  appearance  of  albumin.  This 
condition  always  causes  anxiety,  and  the  urine 
should  be  carefully  examined  at  regular  intervals 
throughout  the  pregnancy. 

Albiuninuria  is  present  in  a  large  number  of 
cases  of  puerperal  eclampsia,  and  also  in  certain 
forms  of  paralysis  of  the  special  nerves  (amau- 
rosis), or  of  the  spinal  system  ;  it  may  also  occur 
in  puerperal  mania.  {See  "  Puerperium,  Puer- 
peral Insanities.") 

The  presence  of  albumin  to  a  small  extent  is 
found  in  a  considerable  proportion  of  pregnant 
women  (2  to  4  per  cent),  but  it  usually  rapidly 
disappears  after  labour,  which  maybe  concluded 
without  any  untoward  symptoms  arising.  Care 
must  be  taken  to  distinguish  between  the  patient 
who  is  the  subject  of  chronic  I'enal  disease  and 
the  one  in  whom  the  albiunin  has  appeared  for 
the  first  time  during  pi'egnancy. 

The  causation  of  tiiis  complication  is  still 
the  subject  of  much  discussion ;  but  there  are 


four  theories  which  should  be  considered,  none 
of  which,  however,  seem  to  be  entirely  adequate  : 
(1)  Pressure  on  the  venoiis  renal  vessels  by  the 
uterus  :  this  view  is  favoured  by  the  fact  that 
albumin  rarely  appears  until  after  the  fifth 
month  of  pregnancy,  and  is  much  more  common 
in  primigravidfe,  owing  probably  to  the  re- 
sistance of  the  abdominal  parietes  being  greater. 
On  the  other  hand,  the  albumin  appears  long 
before  the  uterus  is  large  enough  to  exert  any 
pressure  upon  the  renal  veins,  and  large  growths 
(fibro-niyomata  and  ovarian  cytomata)  do  not 
always  lead  to  this  condition ;  there  must 
obviously  be  something  in  addition  to  the  uterine 
pressure.  (2)  That  the  ureters  are  obstructed 
or  at  least  narrowed  by  the  pressure  of  the 
gravid  uterus.  This  has  been  proved  by  experi- 
ment to  be  untenable,  and  no  constant  dilatation 
of  the  pelvis  of  the  kidney  nor  of  the  ureters 
themselves  has  ever  been  observed.  (3)  That 
it  is  due  to  the  increased  work  thrown  upon  the 
kidneys  by  the  addition  to  the  blood  of  the 
foetal  waste  products.  (4)  That  too  much  stress 
has  been  laid  upon  the  mechanical  causation,  and 
that  the  process  is  rather  due  to  the  presence  of 
some  toxic  material  in  the  blood  (Clifford  AUbutt). 

If  the  albuminuria  is  recent,  symptoms  as  a 
rule  do  not  show  themselves  before  the  seventh 
month ;  they  may  then  come  on  very  suddenly 
— persistent  headache,  vertigo,  diplopia,  vomit- 
ing, and  slight  oedema  of  the  face,  hands,  and 
feet.  A  woi'king-woman  will  often  complain  of 
inability  to  thread  her  needle.  The  albuminuric 
deposit  consists  of  para-globulin ;  in  chronic 
cases  the  deposit  is  mainly  serum-albumin. 
Various  paralyses  may  arise,  and  well-defined 
ocular  changes  {see  "  Nephritis  ") ;  oedema  of 
the  lungs  may  also  set  in.  There  will  be  a 
decided  tendency  to  htemorrhages  and  to  abor- 
tion, which  latter  is  owing  to  the  death  of  the 
foetus ;  it  may  be  expelled  or  be  retained  in  a 
macerated  condition.  Foetal  death  is  probably 
due  to  imperfect  nutrition  or  to  changes  in 
composition  of  the  maternal  blood.  Eclampsia 
is  more  likely  to  occur  in  recent  cases,  while 
ocular  changes  are  usually  present  in  the  more 
chronic  forms. 

Treatment  varies  according  to  the  period  at 
which  the  albuminuria  first  appears.  When  it 
begins  early  the  object  of  the  practitioner  should 
be  to  promote  an  increased  secretion  of  urine, 
and  to  produce  diaphoresis  and  purgation. 
Saline  diuretics,  such  as  acetate  and  citrate  of 
potash,  fulfil  the  first  requirement,  while  watery 
motions  will  result  from  daily  administration  of 
compound  jalap  powder.  The  hot  air  bath  and 
warm  wet  pack  produce  copious  sweating  and 
are  of  great  assistance.  The  patient's  urine 
should  be  examined  every  week,  and  if,  in  spite 
of  the  above  remedies  and  a  milk  diet,  the 
albumin  still  increases,  absolute  rest  in  bed 
must  be  enforced.  By  some  authors  milk  diet 
is  prescribed,  the  milk  being  skimmed.  Should 
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these  measures  fail,  the  question  of  induction 
of  abortion  must  be  seriously  considered.  It  is 
in  itself  attended  by  the  risk  of  bringing  on  an 
eclamptic  attack ;  but  considering  the  matter 
from  all  points,  and  if  severe  headache  and 
dizziness  are  present,  there  is  no  doubt  of  the 
propriety  of  performing  it.  The  operation  may 
be  carried  out  by  means  of  tents,  or  at  one 
sitting  under  an  ansesthetic. 

If  the  albumin  appears  late  in  the  progress  of 
gestation  active  measures  are  at  once  necessary 
— free  purgation,  administration  of  chloral  and 
bromide  of  potash,  and  everything  prepared  for 
the  induction  of  premature  labour.  {See 
"  Eclampsia,"  vol.  iii.  p.  3.) 

VIII.  Cutaneous  Rashes. — Anomalous  pig- 
mentation consists  of  the  deposit  of  a  brownish 
pigment  in  various  sites  on  the  skin,  especially 
the  face,  areolae,  and  external  genitalia.  The 
forehead  is  covered  with  dark,  irregular  patches 
more  marked  near  the  roots  of  the  hair ;  dark 
rings  appear  round  the  eyes  and  occasionally 
round  the  root  of  the  nose  and  the  mouth 
(pregnancy  mask).  In  cicatricial  tissue  the 
pigmentation  is  often  very  marked.  Similar 
staining  is  found  about  the  navel  and  the 
umbilico-pubic  line.  The  thenar  and  hypo- 
thenar  eminences  may  become  stained  a  deep 
pink  colour  immediately  pregnancy  commences  ; 
this  variety  disappears  immediately  after  labour, 
but  a  slight  amount  of  pigmentation  is  always 
permanent  to  some  extent. 

Herpes  gestationis  usually  begins  in  the  form 
of  clusters  of  vesicles  on  the  vulva  or  on  the 
extremities,  and  may  spread  over  the  whole 
body.  The  rash  persists  as  a  rule  throughout 
the  pregnancy,  and  disappears  spontaneously 
after  delivery,  returning  with  a  fresh  concep- 
tion. The  treatment  is  exactly  as  in  the  non- 
gravid  condition. 

Impetigo  herpetiformis  appears  as  small  pus- 
tules on  the  inner  side  of  the  thighs.  They 
spread  rapidly  and  may  involve  the  scalp. 
Much  constitutional  effect  is  produced,  and  the 
disease  may  even  run  a  fatal  course.  {See 
"Dermatitis,"  vol.  ii.  p.  304.) 

Pruritus^  or  itching,  may  affect  the  vulva 
only  or  the  whole  of  the  body  surface.  It  may 
become  so  intense,  and  produce  such  constitu- 
tional disturbance  as  to  lead  to  a  consideration 
of  induction  of  premature  labour. 

It  is  usually  a  neurosis,  but  may  be  due  to 
eczema  or  intertrigo.  The  best  modes  of 
treatment  are  purgation  and  the  administration 
of  the  bromides,  with  local  cleanliness  and  the 
application  of  lotio  nigra  or  a  solution  of  hydi-o- 
chlorate  of  cocaine.  Sitting  in  a  hot  bath  con- 
taining boracic  acid  just  before  going  to  bed  is 
often  a  very  effectual  remedy. 

IX.  Specific  Fevers.  —  It  was  formerly  be- 
lieved that  the  pregnant  woman  was  protected 
or  immune  from  the  specific  fevers,  and  that 
the  pregnant  condition  had  a  curative  effect  on 


others  ;  this  has  been  proved  to  be  entirely 
erroneous. 

Many  of  the  fevers  when  complicating  preg- 
nancy may  run  an  unaltered  course,  or  may 
produce  grave  complications.  Abortion  often 
results  from  the  high  temperature,  or  from  the 
effect  of  the  diseased  maternal  blood  upon  the 
epithelium  of  the  foetal  placenta.  The  foetus 
may  be  born  with  the  rash  fully  out  upon  it. 
It  is  said  that  the  child  born  of  a  woman 
suffering  from  a  specific  fever  may  in  some 
instances  be  immune  from  that  particular 
variety. 

{a)  Variola.  —  This  is  the  most  frequently 
observed  among  the  exanthemata  attacking  the 
pregnant  woman ;  it  is  attended  by  extreme 
danger,  owing  to  the  liability  of  the  patient  to 
the  haemorrhagic  variety ;  premature  labour 
and  abortion  are  hence  very  common,  and  severe 
uterine  haemorrhage  frequent.  A  peculiar  clini- 
cal fact  has  been  noted,  that  in  smallpox  epi- 
demics many  women  will  abort  with  much 
haemorrhage  without  the  rash  appearing.  It 
is  always  advisable  to  vaccinate  a  pregnant 
woman  if  she  is  liable  to  be  brought  into  con- 
tact with  this  disease.  The  mortality  in  the 
severer  forms  is  at  least  90  per  cent,  while  in 
the  milder  epidemics  about  10  per  cent,  {h) 
Enterica  (typhoid)  is  said  to  be  more  frequent 
during  the  earlier  months  of  pregnancy  than 
later  ;  abortion  and  premature  labour  occur  in 
nearly  70  per  cent.  The  higher  the  tempera- 
ture the  greater  the  risk  of  abortion.  The 
use  of  cold  baths  to  reduce  the  fever  certainly 
conduces  to  a  premature  interruption  of  preg- 
nancy. The  prognosis  is  good  in  mild  cases 
occurring  early  in  gestation,  but  more  grave  in 
the  later  months  and  after  a  continuance  of 
pyrexia.  The  treatment  cannot  in  any  way  be 
modified  from  that  pursued  in  the  non-pregnant 
state.  (c)  Scarlatina  is  more  frequent  after 
delivery  than  during  the  pregnant  condition, 
leading  to  the  supposition  that  the  patient  may 
to  some  extent  be  immune.  {d)  Morbilli, 
unless  of  a  very  grave  type,  runs  a  normal 
course  and  without  affecting  mother  or  child, 
(e)  Erysipelas  is  dangerous  from  the  proba- 
bilities of  postpartum  infection  taking  place, 
and  acute  septic  disease  setting  in  indistinguish- 
able from  puerperal  septicaemia.  (/)  Continued 
fevers  may  attack  the  pregnant  woman,  and 
from  the  pyrexia  lead  to  abortion. 

X.  Osseous  Changes. — Osteophytes  are  small 
bony  deposits  which  form  on  the  inner  tube 
of  the  cranial  vault,  and  chiefly  on  the  frontal 
and  parietal  bones.  They  mainly  lie  along  the 
groove  of  the  middle  meningeal  artery.  It  is 
said  that  they  are,  however,  not  entirely  con- 
fined to  the  pregnant  condition.  {See  also 
"Pregnancy,  Physiology  of,"  p.  222.) 

Osteo-malacia  (malacosteon)  is  an  extremely 
rare  complication  of  pregnancy  in  the  British 
Isles,  but  is  common  in  Germany  and  Austria. 
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This  disease  may  be  defined  as  a  degeneration 
of  the  bones,  chiefly  of  the  pelvis  and  spine, 
resulting  in  the  loss  -of  lime  salts,  and  conse- 
quently a  softening :  it  is  entirely  dependent 
upon  the  pregnant  state.  No  treatment  seems 
of  much  avail  while  the  pregnancy  goes  on, 
except  the  removal  of  the  ovaries  and  tubes 
with  or  without  the  pregnant  uterus  (Porro's 
operation).  Should  the  disease  continue  after 
labour  has  terminated,  oophorectomy  is  advisable 
and  is  usually  successful. 

XT.  Vesical  Complications.  —  The  bladder 
becomes  more  irritable,  the  desire  to  micturate 
more  frequently  setting  in  soon  after  pregnancy 
commences ;  this  is  probably  due  to  the  ante- 
version  which  occurs  at  this  period.  This 
may  go  on  until  labour  is  terminated.  In- 
continence and  absolute  retention  may  result 
from  pressure  of  the  cervix  on  the  neck  of  the 
bladder  with  an  impacted  retroverted  uterus. 
This  latter  complication,  which  is  not  infre- 
quently attended  by  a  dribbling  (overflow  from 
much  distension),  is  relieved  in  milder  cases  by 
the  passage  of  the  catheter ;  the  uterus  then 
gradually  rises  above  the  pelvic  brim,  and  all 
danger  is  at  an  end.  In  more  severe  cases  an 
antesthetic  is  necessary,  and  manual  reposition 
of  the  displaced  uterus  necessary,  the  left  hand 
being  passed  into  the  vagina,  or  two  fingers 
into  the  rectum ;  a  stiff  ring  pessary  should  be 
inserted  to  keep  the  fundus  in  its  place.  Under 
very  rare  circumstances  puncture  of  the  fundus 
uteri  per  vaginam  by  means  of  a  trocar  is 
necessary ;  the  liquor  amnii  escapes,  and  the 
uterus  being  reduced  in  bulk  can  then  be 
pushed  up  out  of  the  pelvis — abortion,  of  course, 
being  the  inevitable  consequence. 

Cystocele,  or  prolapse  of  the  anterior  vagiual 
and  posterior  bladder  walls,  becomes  more 
troublesome  during  pregnancy,  owing  to  the 
increased  congestion  of  the  mucous  membrane, 
and  therefore  slightly  more  protrusion  at  the 
vulval  orifice.  {See  also  "  Bladder,  Diseases 
OP,"  vol.  i.  p.  384,  and  "Catheter  and  Septic 
Infection  of  the  Urinary  Tract,"  vol.  ii.  p.  73.) 

XII.  Mental  Complications.  —  Insanity  of 
pregnancy  is  much  less  common  than  that 
attacking  the  puerpei-al  or  nursing  woman 
(about  12  per  cent).  Many  women  are  natur- 
ally despondent  and  low-spirited  during  gesta- 
tion, and  the  form  of  insanity  usually  observed 
is  that  of  melancholia.  It  affects  primigravidte 
more  frequently  than  multiparse,  and  is  com- 
moner in  women  between  thirty  and  forty  years 
of  age  than  in  younger  ones.  Hereditary  taint 
is  a  very  important  cause,  as  also  are  epilepsy 
and  alcoholism  in  one  or  both  parents.  The 
disease  may  begin  with  conception,  or  more 
usually  about  the  third  or  fourth  month,  and 
may  recur  with  each  successive  pregnancy. 
The  tendency  is  usually  suicidal,  but  may  be 
homicidal,  or  rarely  a  disposition  to  kleptomania. 
The  prognosis  is  favourable,  and  the  disease 


frequently  disappears  after  labour.  In  bad 
cases  the  question  of  induction  of  abortion  may 
have  to  be  considered.  In  all  such  cases  the 
patient  should  not  be  left  alone,  but  should 
have  a  cheerful,  firm  nurse  in  constant  attend- 
ance upon  her.  Change  of  scene  without 
excitement  is  of  the  first  importance.  {See  also 
"  Puerperium,  Puerperal  Insanities.") 

Causes  of  Death  during  Pregnancy 

These  may  be  divided  into  three  groups — (1) 
Where  death  is  due  to  some  cause  which  is  not 
connected  with  the  pregnant  state ;  (2)  where 
death  is  a  consequence  or  result  of  pregnancy ; 
(3)  where  a  pathological  condition  existed  before 
the  onset  of  or  developed  during  pregnancy,  and 
which  has  been  so  aggravated  by  that  state  as 
to  result  in  the  patient's  death.  The  first  group 
requires  no  further  consideration  here,  as  it 
belongs  to  the  domain  of  general  medicine  and 
surgery.  Under  the  second  heading  two  types 
require  consideration ;  in  one  where  death 
results  from  a  normal,  in  the  other  from  an 
abnormal,  pregnancy.  Normal  pregnancy  of 
itself  very  rarely  causes  death  during  its 
course,  but  it  may  under  the  following  condi- 
tions : — Excessive  vomiting,  which  is  frequently 
associated  with  some  pathological  condition  such 
as  hydramnios,  myxomatous  degeneration  of  the 
chorion,  albuminuria,  etc.,  may  occur  without 
any  such  accompaniments,  and,  if  allowed  to 
continue,  may  lead  to  fever,  syncope,  delirium, 
coma,  and,  finally,  to  the  death  of  the  patient. 
Chorea  sometimes  develops  dui'ing  pregnancy, 
and,  it  is  said,  causes  a  mortality  of  about  1  in 
5  cases.  Spontaneous  rupture  of  an  appar- 
ently healthy  uterus  has  been  recorded  as  a 
cause  of  death.  The  development  of  varicose 
veins  in  the  legs,  pudenda,  and  pelvis  as  a 
result  of  pressure  from  the  growing  uterus  is 
frequently  met  with.  Phlebitis  may  follow, 
and  death  due  to  the  clotting  of  blood  in  the 
pulmonary  artery  and  its  branches.  Again, 
rupture  of  varicose  veins  of  the  legs  or  vulva 
has  produced  such  profuse  haemorrhage  in  some 
cases  as  to  kill  the  patients.  Pregnancy  some- 
times so  profoundly  affects  the  blood  as  to  lead 
to  hydraemia  or  serous  plethora,  or  to  pernicious 
ansemia.  (Edema  of  the  lungs  may  occur  in 
the  former  condition  with  a  fatal  result.  Prog- 
nosis in  pernicious  anaemia  is  very  serious. 
Eclampsia  is  one  of  the  commonest  causes  of 
death  during  pregnancy,  but  this  has  been 
fully  treated  of  under  its  appropriate  heading. 
Acute  yellow  atrophy  has  a  curious  relationship 
to  pregnancy,  and  terminates  fatally  practically 
in  all  cases  within  six  days.  Lastly,  death  may 
result  from  manipulations,  as  in  a  case  recorded 
by  Hektoen,  where  air  was  admitted  into 
the  uterine  veins  from  the  improper  adminis- 
tration of  a  vaginal  douche,  and  in  cases  of 
procured  abortion  from  sepsis.  In  abnormal 
pregnancies  deaths  are  more  frequently  met 
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with,  and  of  all  causes  rupture  of  an  ectopic 
gestation  is  the  commonest,  the  fatal  termina- 
tion being  produced  by  shock  and  large  intra- 
peritoneal haemorrhages.  Myxoma  of  the  chorion 
may  produce  a  similar  catastrophe,  either  by 
causing  perforation  of  the  uterus  or  hyperemesis 
gravidarum.  The  latter  may  also  be  a  sequela 
of  hydramnios.  Eetroversion  of  the  gravid 
uterus,  if  not  rectified  by  nature  or  the  obstet- 
rician, may  lead  to  sloughing  of  the  bladder  or 
other  pelvic  viscera,  or  to  ursemia,  and  in  either 
condition  death  of  the  patient  may  result.  As 
to  cases  where  a  pathological  condition  existed 
before  the  onset  of,  or  developed  during 
pregnancy,  and  which  has  been  so  aggravated 
by  that  state  as  to  result  in  the  patient's  death, 
little  need  be  said  here,  as  the  subject  has  been 
dealt  with  fully  in  the  preceding  pages.  Of  all 
pre-existing  conditions  heart  diseases,  whether 
of  the  valves  or  the  myocardium,  are  most  un- 
favourably influenced  by  pregnancy.  This 
holds  specially  true  in  cases  of  mitral  stenosis 
and  aortic  incompetence,  though  even  in  these 
cases  a  fatal  termination  is  much  more  common 
during  labour  than  during  pregnancy. 

Hgemorrhage 

Section  due  to  or  associated  with  Pregnancy 
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ANTEPAETUM  HJEMOEEHAGES 

Arising  as  a  Eesult  op  the  Pregnancy 

Antepartum  hfemorrhages  arising  as  a  direct 
result  of  the  pregnancy  may  be  divided  into 
three  main  groups  : — 


A.  Haemorrhages  occurring  during  the  first 
three  months  of  pregnancy. 

B.  Haemorrhages  occurring  during  the  second 
three  months  of  pregnancy. 

C.  Haemorrhages  occurring  during  the  last 
four  months. 

In  adopting  this  classification,  pregnancy  is 
considered  as  the  duration  of  ten  lunar  months 
of  four  weeks  each.  The  first  group  includes 
haemorrhages  occurring  before  the  full  formation 
of  ,the  placenta.  The  second  group  includes 
haemorrhages  occurring  from  the  time  the 
placenta  is  formed  to  the  time  the  foetus 
becomes  viable.  And  the  last  group  includes 
haemorrhages  occurring  after  the  foetus  is 
viable. 

A.  HJ5M0EEHAGES  OCCUEEING  DUE- 
ING THE  FIEST  THEEE  MONTHS 
The  haemorrhages  of  the  first  three  months 
of  pregnancy,  which  arise  as  a  direct  result 
of  the  pregnancy,  have  three  chief  causes : — 

(1)  Abortion. — Abortion  is  the  term  applied 
to  the  expulsion  of  the  ovum  from  the  uterus 
before  the  full  formation  of  the  placenta,  that 
is  before  the  end  of  the  third  month.  It  is 
a  process  which  is  of  necessity  accompanied  by 
haemorrhage,  as  it  implies  the  rupture  of  the 
vascular  adhesions  which  connect  almost  the 
entire  surface  of  the  ovum  with  the  decidua. 
The  varieties,  or  perhaps  it  would  be  more 
correct  to  say  the  phases,  of  abortion  are  as 
follows  : — 

(a)  Threatened  abortion,  i.e.  the  onset  of  pain, 
haemorrhage,  and  a  varying  degree  of  dilatation 
of  the  cervix  occurring  in  a  patient  during  the 
first  three  months  of  pregnancy. 

(6)  Cervical  abortion,  i.e.  the  condition  which 
occurs  when  the  ovum  is  expelled  into  the 
cervical  canal,  in  which  it  becomes  incarcerated 
as  a  result  of  the  failure  of  the  external  os  to 
dilate. 

(c)  Missed  abortion,  i.e.  the  retention  of  the 
ovum  in  the  uterine  cavity  after  its  death  has 
occurred. 

{d)  Complete  abortion,  i.e.  the  expulsion  of 
the  entire  ovum. 

(e)  Incomplete  abortion,  i.e.  the  expulsion  of 
a  part  of  the  ovum,  the  remainder  being  re- 
tained in  the  uterus.  {See  "Abortion," 
vol.  i.) 

(2)  Ectopic  Gestation. — Ectopic  gestation, 
or  extra-uterine  pregnancy,  is  the  term  applied 
to  the  development  of  the  ovum  outside  the 
cavity  of  the  uterus.  Such  development  may 
take  place  primarily  in  either  the  tube  or  ovary, 
but  practically  it  always  occurs  in  the  former. 
As  a  haemorrhage-producing  factor,  it  is  met 
with  in  two  phases  during  the  first  three 
months — 

(a)  Before  primary  rupture  of  the  gestation 
sac,  i.e.  while  the  ovum  is  still  contained  in 
the  intact  tube  or  ovary,  as  the  case  may  be. 
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(6)  At  the  time  of  2^'>'i>nnri/  riq^ture  of  the 
gestation  sac,  an  event  which  occurs  as  a  rule 
between  the  sixth  and  tenth  weeks.  (See 
"  Ectopic  Gestation,"  vol.  iii.) 

(3)  Myxoma  Chorii. — Myxoma  chorii,  or 
hydatidiform  mole,  is  the  term  applied  to  a 
myxomatous  degeneration  which  attacks  the 
chorionic  villi  in  certain  cases.  As  a  I'esult, 
the  villi  become  changed  into  cysts  varying  in 
size  from  that  of  a  pin's  head  to  that  of  a  grape. 
If,  as  usually  happens,  the  greater  part  of  the 
ovum  is  affected  by  this  change,  the  fcetus  dies 
and  is  absorbed.  If,  however,  only  a  small  part 
of  the  ovum  is  diseased,  the  fcetus  may  continue 
to  develop.  The  myxomatous  change  always 
commences  before  the  end  of  the  third  month, 
that  is  before  the  disappearance  of  the  chorionic 
villi.  However,  hfemorrhagic  discharges  may 
occur  not  only  during  this  period,  but  as  long 
as  the  uterus  remains  unemptied,  and  accord- 
ingly it  must  be  set  down  as  a  cause  of  haemor- 
rhage not  only  during  the  first  three  months, 
but  also  during  the  second  three.  It  will  be 
most  convenient,  however,  to  refer  to  it  under 
the  former  period  only. 

The  above  are  the  three  causes  of  hsemorrhage 
during  this  period.  Inasmuch  as  each  of  them 
is  fully  treated  in  the  articles  "  Abortion," 
"  Ectopic  Gestation,"  and  "  Moles,"  the  writer 
will  here  confine  himself  to  a  brief  account  of 
the  method  of  distinguishing  between  them. 

In  order  to  recognise  the  cause  of  hsemor- 
rhage  in  any  case  the  following  points  must  be 
ascertained : — 

(1)  The  existence  of  pregnancy. 

(2)  The  duration  of  pregnancy. 

(3)  The  present  size  of  the  uterus,  and  the 

nature  of  any  alterations  which  may 
take  place  in  it  from  day  to  day. 

(4)  The  condition  of  the  adnexa. 

(5)  The  nature  and  duration  of  the  dis- 

charge. 

(6)  The  nature  of  any  solid  matter  which 

may  have  been  expelled  from  the 
uterus. 

(7)  The  condition  of  the  cervix. 

(8)  The  symptoms  of  the  patient. 

(1)  The  Existence  of  Preipiancy. — The  exist- 
ence of  pregnancy  is  the  first  point  to  be  decided. 
This  can  be  done  by  determining  the  presence 
of  its  usual  subjective  and  objective  symptoms. 

(2)  The  Duration  of  Pregrmncy. — The  dura- 
tion of  pregnancy  must  be  first  ascertained  as 
far  as  possible  by  the  patient's  history,  without 
taking  the  size  of  the  uterus  into  consideration. 
This  is  an  important  point  to  remember,  as  in 
some  cases  the  diagnosis  of  the  nature  of  the 
case  will  be  largely  based  upon  the  difference 
between  the  actual  size  of  the  uterus  and  the 
size  it  ought  to  be  in  accordance  with  the  period 
of  pregnancy. 

(3)  The  2^^'esent  Size  of  the  Uterus  and  the 
Nature  of  the  Alterations  which  take  place  in  it 


from  Day  to  Day. — The  present  size  of  the 
uterus  is  a  considerable  aid  to  diagnosis  in  cases 
of  hcemorrhage,  when  it  is  taken  in  connection 
with  the  supposed  date  of  pregnancy.  If  the 
uterus  corresponds  in  size  with  the  duration  of 
pregnancy,  it  is  strong  evidence  for  supposing 
that  it  contains  a  living  ovum,  or  one  which 
has  only  quite  recently  died.  If,  however,  the 
uterus  is  larger  than  the  period  of  pregnancy 
accounts  for,  the  possibility  of  myxoma  chorii 
must  be  thought  of.  If,  again,  the  uterus  is 
smaller  than  the  period  of  pregnancy  would 
lead  us  to  suppose  it  ought  to  be,  it  suggests, 
first,  that  perhaps  the  pregnancy  is  extra-uterine, 
and,  secondly,  if  that  supposition  is  proved  to 
be  erroneous,  that  the  ovum  is  probably  dead. 

The  alteration  in  size  of  the  uterus  from  day 
to  day  is  also  important.  If  it  increases  at  the 
natural  rate,  it  is  almost  conclusive  evidence 
that  the  ovum  is  intra-uterine  and  living.  The 
only  other  condition  under  which  this  rate  of 
increase  could  occur  is  in  the  case  of  a  missed 
abortion,  in  whicli  just  sufficient  intra-uterine 
haemorrhage  is  taking  place  each  day  to  cause 
the  same  rate  of  increase  that  a  growing  ovum 
would  cause.  Such  a  state  of  affairs  is  neces- 
sarily so  rare  that  in  practice  it  may  be  neglected. 
If  the  uterus  ceases  to  increase  in  size,  or  even 
commences  to  become  smaller,  it  is  equally 
strong  evidence  that  the  ovum  is  dead,  that  is, 
that  a  condition  of  missed  abortion  is  present. 
If  the  uterus  grows  more  rapidly  than  is  normal, 
it  is  strongly  in  favour  of  myxoma  chorii. 

(4)  The  Condition  of  the  Adnexa. — The  con- 
dition of  the  adnexa  is  of  importance,  if  the 
question  of  the  possibility  of  the  existence  of 
an  extra-uterine  pregnancy  arises.  If  they  are 
normal  in  size  on  both  sides,  the  possibility  of 
extra-uterine  pregnancy  is  immediately  elimin- 
ated. The  typical  condition  met  with  in  extra- 
uterine pregnancy  prior  to  the  rupture  of  the 
sac  is  as  follows  : — A  globular  or  ovoid  tumour, 
varying  in  size  from  a  pullet's  egg  to  an  orange, 
is  found  at  one  or  other  side,  corresponding  in 
position  to  the  tube  of  the  same  side.  The 
tumour  is  elastic  to  touch,  and  slight  pulsation 
may  be  felt  in  it  owing  to  the  increased  size  of 
the  vessels  which  supply  it.  The  uterus,  which 
is  also  somewhat  enlarged,  is  displaced  towards 
the  opposite  side  by  the  tumour  If  ruptiu-e 
has  occurred,  it  may  be  possible  to  determine 
the  disappearance  of  a  tumour  whose  existence 
had  been  previously  ascertained,  and  the  gradual 
formation  of  another  tumour  in  Douglas'  pouch. 

The  physical  signs  which  help  to  distinguish 
between  an  unruptured  tubal  pregnancy  and 
any  other  tumour  of  the  adnexa  are  :  — 

(a)  In  tubal  pregnancy  the  enlargement 
corresponds  to  the  position  of  a  tube  rather 
than  of  an  ovary.  Ovarian  pregnancy  is  said 
to  occur,  but  it  is  so  rare  that  it  may  be- 
neglected. 

(h)  An   extra-uterine   pregnancy  is  usually 
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unilateral.  Inflammatory  disease  of  the  tubes 
is  almost  always  bilateral. 

(c)  The  sac  of  a  pregnancy  pulsates,  and 
occasionally  contractions  of  its  walls  may  be 
felt  (Kelly). 

(5)  The  Nature  and  Duration  of  the  Dis- 
charge.— Slight  hsemorrhagic  discharge  is  not 
indicative  of  anything  definite.  It  occurs  in 
all  forms  of  abortion,  in  extra-uterine  pregnancy, 
and  in  myxoma  chorii.  Profuse  haemorrhage 
is  conclusive  evidence  of  some  form  of  abortion, 
most  probably  threatened  or  incomplete.  A 
profuse,  watery,  blood-stained  discharge  points 
strongly  to  myxoma  chorii.  If  small  cysts  are 
found  in  it,  it  is  pathognomonic  of  that  con- 
dition. More  or  less  profuse  dark-coloured 
discharge  shows  that  the  ovum  is  dead,  and 
that  part  or  all  of  it  is  still  retained  in  the 
uterus.  Putrid  discharge  shows  that  the  ovum 
is  not  only  dead,  but  that  decomposition 
has  occurred.  If  the  discharge  quickly  lessens, 
and  after  a  few  days  disappears  altogether,  it 
may  usually  be  taken  to  show  either  that  the 
threatened  expulsion  of  the  ovum  has  passed 
off,  or  that  the  uterus  has  emptied  itself,  that 
is,  that  complete  abortion  has  occurred. 

(6)  The  Nature  of  any  Solid  Matter  vjhich 
may  have  been  expelled  from  the  Uterus. — It 
cannot  be  too  strongly  insisted  upon,  that,  in 
the  case  of  a  patient  who  is  bleeding,  all  matter 
which  is  expelled  from  the  uterus  must  be 
most  carefully  examined.  It  is  by  so  doing 
that,  in  the  majority  of  cases,  we  obtain  the 
necessary  information  to  enable  a  diagnosis  to 
be  made.  The  expelled  matter,  if  we  can 
obtain  it  all,  gives  absolute  information  as  to 
what  has  happened  in  the  uterus,  while  the 
information  obtained  in  other  ways  is  generally 
more  or  less  problematical.  If  an  entire  ovum 
is  expelled,  it  is  self-evident  that  complete 
abortion  has  taken  place  ;  or  if  only  a  portion, 
that  the  abortion  is  incomplete.  In  order  to 
be  absolutely  certain  that  the  case  is  one  of 
abortion,  either  chorionic  villi  or  some  fragment 
of  a  foetus  must  be  found.  A  mere  mass  of 
decidua  does  not  enable  us  at  first  sight  to  say 
whether  the  case  is  one  of  intra-  or  extra-uterine 
pregnancy ;  a  microscopical  examination  of  it 
will  be  necessary.  Dakin  states  that  the  true 
decidua  of  an  intra-uterine  pregnancy  is  indis- 
tinguishable from  the  false  decidua  of  extra- 
uterine pregnancy.  However,  in  the  former 
case  some  fragment  of  chorion  or  amnion  will 
be  found  by  the  aid  of  the  microscope,  and  this 
of  course  is  pathognomonic.  If  intra-uterine 
pregnancy  is  excluded,  the  expulsion  of  a 
decidual  cast  of  the  uterus  in  the  presence  of 
a  growing  pelvic  tumour  is  diagnostic  of  an 
extra-uterine  pregnancy  (Routh).  As  has  been 
mentioned  above,  the  presence  of  cysts  in  the 
discharge  is  pathognomonic  of  myxoma  chorii. 

(7)  The  Condition  of  the  Cervix. — The  con- 
dition of  the  cervix  is  of  use,  not  only  in 


determining  whether  the  patient  is  pregnant 
or  not,  but  also  in  distinguishing  between  the 
different  forms  of  abortion.  In  a  threatened 
abortion  the  cer\ucal  canal  usually  becomes 
slightly  patulous.  If  the  ovum  has  been  de- 
tached and  is  in  process  of  expulsion,  it  is  forced 
against  the  inner  os,  which  accordingly  dilates, 
the  external  os  still  remaining  closed.  The 
cervix  as  a  result  becomes  conical  in  shape, 
the  base  of  the  cone  corresponding  with  the 
inner  os,  the  apex  with  the  external  os 
{v.  Fig.  1) ;  in  other  words,  the  circumference 
of  the  cervix  at  the  cervico- vaginal  junction  is 
increased.  If  the  external  os  will  not  dilate 
to  allow  the  ovimi  to  pass  through,  the  latter 
is  gradually  expelled  into  the  cervical  canal, 


FIG.  1.— Diagram  representing  the  shape  of  the  cervix  during, 
and  subsequent  to,  the  expulsion  of  the  ovum. 


which  dilates  to  a  sufficiently  large  size  to 
receive  it.  The  inner  os  may  then  partially 
contract  again,  and  the  ovum  become  incar- 
cerated in  the  ballooned-out  cervical  canal. 
Thus  the  condition  known  as  cervical  abortion 
arises.  If,  however,  the  external  os  dilates  in 
the  usual  manner  and  the  ovum  is  expelled, 
the  inner  os  closes  again  completely,  while  the 
external  os  remains  dilated  for  some  days.  The 
cervix  thus  acquires  a  trumpet-shape,  the 
mouth  of  the  trumpet  corresponding  to  the 
external  os  (Fig.  1).  If  the  ovum  has  been 
completely  expelled,  the  cei'vix  gradually  re- 
gains its  normal  shape ;  if,  on  the  contrary, 
a  part  of  the  ovum  is  retained,  complete  closure 
of  the  canal  rarely  occurs. 

(8)  The  Symptonis  of  the  Patient. — The  three 
chief  symptoms  of  the  patient  in  either  abortion 
or  extra-uterine  pregnancy  are  hsemorrhage, 
pain,  and  collapse.  In  abortion,  the  three 
have  usually  a  due  relationship  to  one  another. 
The  degree  of  collapse  is  in  proportion  to  the 
amount  of  haemorrhage  and  pain  which  is 
occurring.  The  amount  of  pain  is,  however, 
by  no  means  constant.  In  the  case  of  a 
ruptured  extra-uterine  pregnancy,  on  the  other 
hand,  the  first  point  which  may  strike  us  with 
regard  to  the  case,  is  that  the  collapse  is 
altogether  out  of  proportion  to  the  amount  of 
haemorrhage  which  is  apparently  occurring. 
The  accompanying  pain  is  also  greater  than  in 
abortion.  Such  a  condition  should  always  very 
forcibly   suggest   the   possibility   of  internal 
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hsemorrhage.  In  missed  abortion,  the  pre- 
viously existing  subjective  symptoms  of  preg- 
nancy disappear,  and  are  replaced  by  various 
ill-defined  phenomena,  the  result  of  the  absoi-p- 
tion  of  ptomaines  from  the  dead  ovum. 

These  are  the  jDrincipal  diagnostic  phenomena 
to  be  looked  for  in  any  case  of  htemorrhage 
during  the  first  three  months  of  pregnancy. 
It  may  be  of  use  to  sum  them  up  in  their  re- 
lationship to  the  various  causes  of  hcemorrhage. 

A  uterus  corresponding  in  size  to  the  period 
of  pregnancy ;  a  varying  amount  of  haemor- 
rhage and  pain,  with  a  corresponding  degree 
of  collapse ;  widening  of  the  cervix  at  the 
cervico- vaginal  junction  ;  and  a  slightly  patulous 
condition  of  the  external  os,  are  suggestive  of 
threatened  abortion. 

Marked  ballooning  of  the  cervical  canal ; 
closure  of  the  os  externum,  which  has  a  thin 
parchment-like  edge ;  and  a  varying  amount 
of  dark,  perhaps  putrid  discharge,  are  indicative 
of  cervical  abortion. 

The  expulsion  of  a  portion  of  the  ovum ; 
slight  diminution  in  size  of  the  uterus ;  a 
patulous  cervical  canal ;  and  a  profuse  dark 
discharge,  or  even  a  sharp  haemorrhage,  are 
indicative  of  incomplete  abortion. 

The  expulsion  of  the  entire  ovum  ;  a  trumpet- 
shaped  condition  of  the  cervix ;  a  marked 
diminution  in  size  of  the  uterus ;  and  the 
gradual  diminution  and  final  disappearance 
of  all  discharge,  are  indicative  of  complete 
abortion. 

A  cessation  of  development,  or  a  gradual 
diminution  in  size  of  the  uterus ;  a  dark 
hsemorrhagic  discharge,  which  may  be  foetid ; 
disappearance  of  the  subjective  and  objective 
symptoms  of  pregnancy,  and  general  ill-health 
on  the  part  of  the  patient,  are  suggestive  of 
missed  abortion. 

The  existence  of  an  ovoid  pulsating  tumour 
at  one  side  of  the  uterus ;  a  history  of  preg- 
nancy ;  an  enlarged  uterus,  corresponding  in 
size  to,  or  slightly  smaller  than,  the  date  of 
pregnancy  accounts  for  ;  slight  irregular  htemor- 
rhages ;  and  perhaps  the  expulsion  of  a  decidua 
in  which  no  trace  of  chorionic  villi  or  amnion 
can  be  found,  are  suggestive  of  an  unruptured 
extra-uterine  pregnancy. 

A  varying  degree  of  hsemorrhage ;  the  ex- 
pulsion of  a  decidua  in  which  no  trace  of  chorion 
or  amnion  can  be  found ;  considerable  pain ; 
collapse  out  of  projjortion  to  the  amount  of 
external  haemorrhage ;  and  perhaps  the  dis- 
appearance of  a  previously  discovered  pelvic 
tumour,  with  the  formation  of  a  new  tumour 
in  Douglas'  pouch,  are  suggestive  of  a  ruptured 
extra-uterine  pregnancy. 

Marked  increase  in  size  of  the  uterus,  out 
of  proportion  to  the  period  of  pregnancy ;  a 
profuse  watery  blood-stained  discharge,  perhaps 
containing  cysts ;  and  crampy  pains,  are  in- 
dicative of  myxoma  chorii. 


B.  HEMORRHAGES  OCCURRING  DUR- 
ING THE  SECOND  THREE  MONTHS 

Two  varieties  of  haemorrhage  are  met  with 
during  the  second  three  months  of  preg- 
nancy : — 

I.  Heemorrhage  due  to  detachment  of  the 
placenta. 

II.  Haemorrhage  due  to  extra-uterine  preg- 
nancy. 

I.   HiEMORRHAGB  DUB  TO  DETACHMENT  OF 

THE  Placenta 

Haemorrhages  due  to  detachment  of  the 
placenta,  occurring  during  the  second  three 
months  of  pregnancy,  occupy  an  intermediate 
position  between  abortion  and  accidental  and 
unavoidable  haemorrhages. 

With  the  exception  of  a  small  proportion  of 
cases  which  are  due  to  degeneration  of  the 
ovum,  we  find  that,  while  pathologically  they 
can  be  classified  in  the  same  manner  as  can 
the  haemorrhages  of  the  last  four  months, 
clinically  they  must  be  treated  as  those  of  the 
first  three.  The  reason  of  this  is  obvious.  In 
the  four  last  months  of  pregnancy  it  is  always 
possible  to  distinguish  clinically  between  the 
two  great  classes  of  placental  insertion  j  in  the 
second  three  months  of  pregnancy  it  is  not 
possible  to  do  so,  although  pathologically  the 
two  classes  occur.  Consequently,  while  in  the 
four  last  months  we  can  diagnose  exactly  the 
nature  of  the  case,  and  treat  it  accordingly  in 
the  most  suitable  manner,  in  the  second  three 
months  all  we  can  do  is  to  recognise  that 
the  patient  is  bleeding,  and  that  the  haemor- 
rhage is  either  so  trifling  as  only  to  require 
palliative  treatment,  or  so  serious  as  to  demand 
more  radical  measures. 

Etiology. — As  has  been  pointed  out  above, 
the  haemorrhage  may  come  from  a  placenta 
which  is  normal  in  position,  or  from  one  which 
is  praevia.  The  distinction  between  the  two, 
which  cannot  be  made  prior  to  the  expulsion 
of  the  ovum,  can  be  made  in  most  cases  sub- 
sequently. This  is  done  by  noting  the  relation- 
ship of  the  opening  in  the  membranes,  through 
which  the  foetus  was  expelled,  to  the  placenta, 
if  there  is  such  an  opening.  If  the  opening  is 
quite  close  to  the  placenta,  or  even  through  it, 
it  shows  that  the  placenta  must  have  been 
implanted  quite  close  to,  or  right  over,  the  os. 
In  some  of  these  cases,  however,  when  the 
ovum  is  expelled  spontaneously,  it  is  un- 
ruptured ;  while  in  those  cases  in  which  it 
has  to  be  removed,  the  membranes  become  so 
torn  that  it  is  impossible  to  determine  the 
above  relationship.  Even  in  the  cases  in  which 
the  placenta  is  certainly  praevia,  it  is  doubtful 
whether  the  situation  is  the  cause  of  its  detach- 
ment, or  whether  rather,  the  latter  is  not  really 
due  to  such  similar  causes  as  act  in  the  case 
of  a  normally  seated  placenta, — the  fact  that 
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the  placenta  is  prsevia  being  a  chance  ac- 
companiment. It  is  not  very  easy  to  explain 
why  a  placenta  prsevia  should  be  detached  any 
more  readily  than  a  normally  situated  placenta 
before  the  lower  uterine  segment  has  com- 
menced to  form,  i.e.  before  the  ninth  month. 
The  causes  of  the  detachment  of  a  normally 
situated  placenta  are  to  be  found  in  some 
diseased  condition  of  itself  or  of  the  decidua 
serotina.  Accordingly,  the  following  may  be 
stated  to  be  the  causes  of  placental  detach- 
ment : — 

{a)  Endometritis,  by  causing  an  unhealthy 
condition  of  the  decidua. 

(6)  White  infarction  of  the  placenta  due  to 
Bright's  disease. 

(c)  Syphilis,  by  affecting  either  the  placenta 
or  decidua.    And  perhaps 

(d)  Insertion  of  the  whole  or  part  of  the 
placenta  in  the  lower  uterine  segment. 

Symptoms. — The  essential  symptom  of  the 
case  is  the  occurrence  of  haemorrhage,  jDcrhaps 
accompanied  by  the  death  of  the  foetus.  In  the 
latter  case,  decomposition  may  result,  if  the 
membranes  are  ruptiired;  or,  on  the  other 
hand,  if  they  remain  intact,  the  foetus  may 
merely  macerate  or  mummify  aseptically.  In 
the  large  majority  of  cases,  the  haemorrhage  is 
external,  i.e.  it  escapes  from  the  uterine  cavity 
as  rapidly  as  it  finds  its  way  into  the  latter  from 
the  blood-vessels.  In  a  smaller  proportion  of 
cases,  on  the  other  hand,  it  may  remain  stored 
in  the  uterus,  which  gradually  increases  in  size 
to  suit  the  demands  of  the  accumulating  blood. 
If  the  area  of  placental  detachment  is  so  great 
as  to  leave  an  insufficient  amount  of  surface  in 
contact  with  the  uterus  to  provide  the  necessary 
nutrition  and  oxygen  for  the  foetus,  the  latter 
dies.  In  most  cases,  this  event  will  determine 
the  onset  of  labour,  but  in  some  cases  a  con- 
dition analogous  to  missed  abortion  results,  and 
the  ovum  is  retained  in  utero.  On  the  other 
hand,  if  there  is  still  a  sufficient  area  of  placenta 
intact  to  keep  the  foetus  alive,  the  latter  con- 
tinues to  grow.  The  condition  of  the  uterus 
will  depend  on  the  foregoing.  If  the  foetus 
lives  and  the  haemorrhage  is  external,  the 
uterus  will  continue  to  increase  in  size  in  pro- 
portion to  the  advance  of  pregnancy.  If  the 
foetus  dies,  the  haemorrhage  being  still  external, 
the  uterus  will  diminish  in  size  as  the  liquor 
amnii  is  absorbed,  and  there  will  be  in  addition 
the  symptoms  due  to  the  retention  of  a  dead 
foetus.  The  breasts  become  flaccid,  and  any 
secretion  which  may  have  appeared  in  them 
disappears.  At  the  same  time,  the  subjective 
symptoms  of  pregnancy  lessen,  and  the  patient 
suffers  to  a  varying  degree  from  the  absorption 
of  ptomaines  from  the  dead  foetus.  If  the 
haemorrhage  is  internal  and  the  foetus  dead,  the 
patient  suffers  in  the  same  manner  from  the 
retention  of  the  foetus,  but  the  uterus  increases 
in   size.    In  such  cases  there  will  be  great 


difficulty  in  feeling  the  foetal  parts ;  and  the 
uterus,  which  ordinarily  in  haemorrhage  is 
softer  than  usual,  will,  if  the  bleeding  is  ex- 
cessive, become  extremely  tense  and  hard. 
Finally,  if  the  membranes  have  ruptured  and 
saprophytic  germs  have  found  their  way  into 
the  cavity,  the  foetus  will  decompose  and  a 
foetid  discharge  result. 

Accordingly,  we  may  sum  up  the  symptoms 
as  follows  : — A  varying  amount  of  haemorrhage,, 
either  external  or  internal.  A  gradual  increase 
in  the  size  of  the  uterus,  if  the  foetus  lives  and 
the  haemorrhage  is  external.  A  diminution  in 
size,  if  the  foetus  dies  and  the  bleeding  is 
external.  A  more  or  less  marked  and  sudden 
increase,  if  the  hsemorrhage  is  internal.  A 
putrid  discharge,  if  the  foetus  decomposes. 

Diagnosis. — The  diagnosis  of  external  haemor- 
rhage is  obvious.  The  diagnosis  of  internal 
haemorrhage  is  made  by  noting  the  increase  in 
size  of  the  uterus — an  increase  which  enlarges 
the  uterus  out  of  proportion  to  the  period  of 
pregnancy — by  the  difficulty  in  feeling  the  foetal 
parts,  and  by  the  general  condition  of  the 
patient.  Internal  haemorrhage  at  this  stage  of 
pregnancy  is  most  likely  to  be  confused  with 
myxoma  chorii,  but  here  a  mistake  in  diagnosis 
is  not  of  any  great  importance,  as  in  either  case 
the  uterus  must  be  emptied.  The  nature  of 
the  discharge  will  in  most  cases  enable  a  dis- 
tinction to  be  made,  as  in  haemorrhage  it  is 
grumous  and  contains  clots ;  in  myxoma  chorii 
it  is  thin  and  watery,  while,  if  myxomatous 
cysts  are  found,  the  nature  of  the  case  is  at 
once  apparent. 

Treatment. — Our  treatment  of  these  cases  is 
palliative  or  active,  according  to  their  nature. 
If  the  haemorrhage  is  slight,  and  there  is  no 
evidence  that  the  foetus  is  dead,  every  effort 
must  be  made  to  check  the  bleeding  by  any 
means  short  of  emptying  the  uterus.  The  main 
factor  in  attaining  this  end  is  absolute  rest  in 
bed  for  at  least  ten  days  or  a  fortnight  after 
haemorrhage  has  ceased.  There  are  certain 
drugs  which,  according  to  some  authorities, 
can  produce  a  tonic  effect  upon  the  uterus  or 
its  blood-vessels  sufficient  to  check  slight 
haemorrhage.  Of  these,  the  chief  are  ergot  and 
strychnine  administered  in  conjunction.  Att- 
hill  recommends  the  continued  administration 
of  a  mixture  containing  15  minims  of  Ext. 
Ergot.  Liq.  and  -5  minims  of  Liq.  Strychninae. 
Hydrastis  Canadensis  has  also  its  advocates. 
The  objections  which  are  so  constantly  urged 
against  ergot  do  not  hold  good  in  the  case  of 
the  last-mentioned  drug.  Ergot  produces  its 
effect  by  causing  a  tonic  contraction  of  the 
uterine  muscle  fibres,  and  in  all  probability 
only  produces  such  effect  when  the  contractions 
have  ah'eady  started  of  their  own  accord. 
Accordingly,  in  the  case  of  a  patient  who  is 
bleeding,  but  who  is  not  in  labour,  ergot  will 
probably  produce  little  or  no  effect ;  while,  if 
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any  contractions  of  the  uterus  have  occurred, 
they  will  be  increased  by  the  ergot  given,  and 
so  any  possibility  of  their  passing  off  and 
allowing  the  pregnancy  to  continue  will  be  re- 
moved. Hydrastis  Canadensis,  on  the  other 
hand,  is  said  to  produce  its  effect  by  direct 
action  on  the  muscle  fibres  of  the  blood-vessels, 
and  so  does  not  tend  to  accelerate  the  occur- 
rence of  uterine  contractions.  The  usual  dose 
■of  it  is  from  fifteen  to  twenty  minims. 

Active  treatment,  consisting  in  the  emptying 
of  the  uterus,  is  indicated  under  the  following 
conditions : — 

(1)  If  it  is  obvious  that  the  patient  has  lost 
as  much  blood  as  is  safe. 

(2)  If  the  discharge  is  foetid. 

(3)  If  the  foetus  is  dead. 

If  the  indication  for  delivery  is  hsemorrhage 
alone,  and  there  is  no  sign  of  intra-uterine  de- 
composition, the  easiest  method  of  emptying 
the  uterus  consists  in  passing  as  many  sea- 
tangle  tents  into  the  cervix  as  the  latter  will 
hold,  after  carefully  disinfecting  the  external 
genitals  and  vagina,  and  then  in  plugging  the 
vagina  tightly  with  iodoform  gauze.  It  is  better 
to  use  a  number  of  small  tents  in  preference  to 
a  couple  of  large  ones,  as  the  dilating  effect  of 
the  former  is  superior.  The  plug  and  tents 
are  to  be  removed  in  twenty-four  hours,  or 
sooner  if  labour  pains  ensue.  If  there  is  no 
appearance  of  the  latter  when  the  tents  are 
removed,  it  will  be  well  to  rupture  the  mem- 
branes, to  draw  down  a  foot  into  the  vagina, 
and  either  to  leave  the  further  expulsion  to  the 
uterine  contractions,  or  to  complete  the  delivery 
■of  the  foetus.  In  all  cases,  if  contractions  do 
not  follow  the  rupture  of  the  membranes  within 
four  to  six  hours,  it  will  be  best  to  empty  the 
uterus,  as  there  is  always  a  danger  of  decom- 
position occurring  if  we  wait  too  long.  An 
alternative  treatment  to  the  use  of  sea-tangle 
tents  is  the  plugging  of  the  utero-vaginal  canal 
with  iodoform  gauze  after  the  method  of 
Diihrssen.  To  do  this,  the  cervix  is  drawn 
down  by  means  of  an  American  forceps  on  both 
lips,  after  thorough  disinfection  of  the  vagina, 
and  is  dilated  with  Hegar's  dilators  as  far  as 
possible  without  laceration.  The  end  of  a  long 
strip  of  iodoform  gauze,  two  inches  wide,  and 
either  single  or  double  as  is  preferred,  is  passed 
by  means  of  a  sound  as  far  into  the  uterus  as 
possible.  This  is  followed  by  the  remainder  of 
the  strip,  and  when  it  is  finished,  by  another 
similar  strip  which  is  knotted  on  to  the  first. 
Each  bit  of  gauze  is  passed  as  high  into  the 
uterus  as  possible,  and  so  the  maximum  amount 
introduced.  As  soon  as  the  cavity  is  filled,  the 
vagina  is  plugged  tightly.  This  plug  is  left 
in  situ  for  twenty-four  hours,  or  until  strong 
labour  pains  ensue,  and  is  then  removed.  The 
advantage  of  this  method  is  that  all  haemor- 
rhage is  checked,  that  intra-uterine  decomposi- 
tion is  prevented,  and  that,  even  if  labour  does 


not  follow  its  removal,  there  is  then  sufficient 
dilatation  of  the  cervix  to  permit  of  the  easy 
extraction  of  the  foetus. 

In  those  cases  in  which  haemorrhage  is  com- 
plicated by  the  occurrence  of  decomposition, 
the  emptying  of  the  uterus  must  be  carried  out 
at  one  sitting.  This  is  always  a  more  or  less 
troublesome  operation  owing  to  the  small  size 
of  the  cervix,  and  frequently  it  will  only  be 
possible  to  extract  the  child  after  some  proceed- 
ing akin  to  embryotomy.  The  author  has  found 
the  following  plan  to  be  rapid  and  comparatively 
easy.  Disinfect  the  vagina  thoroughly,  and 
dilate  the  cervix  as  far  as  possible  with  Hegar's 
dilators.  Pass  one  finger  into  the  uterus,  seize 
one,  or  if  possible  both  feet,  and  draw^  them 
down  as  far  as  possible,  which  will  usually  be 
until  the  breech  comes  into  the  cervical  canal. 
As  soon  as  they  cannot  be  di'awn  down  any 
farther,  introduce  a  Schultze's  spoon-forceps,  or 
other  forceps  of  a  similar  shape,  into  the  uterus 
alongside  the  breech,  and  catch  the  latter  in 
it  and  pull  it  down.  This  will  result  in  the 
tearing  off  of  part  of  it,  and  then  a  fresh  hold 
is  taken,  and  so  on  until  the  body  of  the  child 
is  extracted  piecemeal.  The  head  will  be  found 
the  most  difficult  to  remove,  as  it  has  the  largest 
diameter,  but  by  means  of  the  forceps  it  can  be 
crushed  and  so  extracted.  A  Schultze's  spoon- 
forceps  is  a  very  safe  instrument  for  such  a 
course  of  procedure,  as,  owing  to  its  shape,  it 
has  no  tendency  to  catch  the  uterine  walls, 
while  it  easily  seizes  anything  which  is  lying  in 
the  cavity.  As  soon  as  the  foetus  has  been 
entirely  removed,  the  finger  is  again  passed 
into  the  uterus  and  the  placenta  detached,  while 
counter-pressure  is  made  upon  the  fundus  by 
the  hand  placed  on  the  abdominal  wall.  The 
uterus  is  then  well  douched  with  a  solution  of 
creolin  and  water  (1  in  320),  or  other  antiseptic, 
and  the  cavity  plugged  with  iodoform  gauze. 
The  latter  must  be  removed  in  from  twelve  to 
twenty-four  hours,  and  the  uterus  again  douched 
if  there  is  any  rise  of  temperature. 

Prognosis. — The  prognosis  in  these  cases  is  good 
unless  the  patient  has  been  allowed  to  become 
very  much  weakened  by  constant  haemorrhage, 
or  unless  she  has  absorbed  an  excessive  dose  of 
ptomaines  from  the  decomposed  foetus.  For 
this  reason  the  uterus  must  always  be  emptied 
as  soon  as  any  of  the  indications  for  active 
treatment,  as  given  above,  show  themselves. 

II.   HEMORRHAGE  DUE  TO  ExTRA-UtERINE 

Pregnancy 

When  the  ovum  escapes  into  the  broad  liga- 
ment, and  survives  that  event,  the  condition  is 
known  as  a  mesometric  pregnancy.  The  peri- 
toneum which  forms  the  broad  ligament  now 
occupies  the  relationship  to  the  ovum  which  the 
tube  formerly  did,  and  as  a  result  it  is  liable  to 
share  the  same  fate,  i.e.  secondary  rupture  of 
the  gestation  sac  may  occur.    The  immediate 
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result  of  this  rupture  depends  upon  the  position 
of  the  placenta.  If  the  placenta  is  situated 
above  the  foetus,  it  will  almost  certainly  be  in- 
involved  by  tlie  rupture ;  and  if  this  occurs 
during  the  latter  half  of  pregnancy,  the  hemor- 
rhage will  be  so  profuse  as  to  cause  the  death  of 
the  patient  (Bland  Sutton).  If  the  placenta 
lies  beneath  the  fostus,  the  latter  can  escape 
into  the  abdominal  cavity,  when  rupture  occurs, 
without  necessarily  causing  very  profuse  h£emor- 
rhage.  The  symptoms  and  treatment  of  this 
condition,  which  are  practically  the  same  as 
those  of  primary  rupture,  will  be  found  in  the 
article  "Ectopic  Gestation"  (vol.  iii.  p.  13). 
When  rupture  occvirs  it  may  be  accompanied  by 
slight  uterine  ha3morrhage,  and  perhaps  by  the 
expulsion  of  a  decidua. 

C.  HEMORRHAGES  OCCURRING  DURING 
THE  LAST  FOUR  MONTHS 

Hsemorrhages  occurring  during  the  last  four 
months  may  be  due  to  : — 

I.  Detachment  of  the  placenta. 
II.  Rupture  of  the  uterus. 

I.   HEMORRHAGE  DUE  TO  DETACHMENT  OF 

THE  Placenta 
Cases  of  haemorrhage  from  detachment  of  the 
placenta  are  divided  into  two  great  classes : — 

A.  Accidental  hfemorrhage,  due  to  the  detach- 
ment of  a  normally  situated  placenta. 

B.  Unavoidable  hremorrhage,  due  to  the  de- 
tachment of  a  placenta  prsevia. 

A.  Accidental  Haemorrhage 
Accidental  hsemorrhage  is  the  term  applied 
to  haemorrhage  due  to  the  detachment  of  a 
normally  seated  placenta,  i.e.  a  placenta  no  part 
of  which  comes  into  the  lower  uterine  segment. 

Frequency. — The  frequency  of  accidental  hae- 
morrhage is  very  difficult  to  ascertain,  on  ac- 
count of  the  cursory  manner  in  which  the  subject 
is  treated  in  the  majority  of  text-books.  At 
the  Rotunda  Hospital,  amongst  15,109  cases  of 
labour  there  were  113  cases  of  accidental  htemor- 
rhage,  i.e.  one  in  every  133-7  cases.  Almost  all 
these  cases  were  cases  of  external  accidental 
haemorrhage. 

Etiology. — The  most  frequent  cause  of  de- 
tachment of  the  placenta  is  to  be  found  in  some 
factor  which  weakens  the  adhesions  between  the 
latter  and  the  uterine  wall.  Of  these,  the 
commonest  are  endometritis,  Bright's  disease, 
and  syphilis.  Of  the  three,  Bright's  disease  is 
the  most  important,  and  is  practically  the  sole 
cause  of  the  more  serious  forms  of  accidental 
haemorrhage.  It  favours  the  rupture  of  vessels 
in  the  placental  substance,  and  blood  escaping 
from  them  forces  its  way  between  the  placenta 
and  the  uterine  wall,  thus  causing  the  detach- 
ment of  the  former.  Another  cause  of  quite  a 
different  nature  from  the  foregoing  is  to  be 
found  in  undue  shortness  of  the  cord,  either 


actual  or  the  result  of  the  twisting  of  the  latter 
round  the  foetal  parts.  When  such  a  condition 
is  present,  so  great  traction  may  result  upon 
the  placenta  while  the  foetus  is  being  expelled 
as  to  cause  detachment. 

Varieties.  —  Two  chief  forms  of  accidental  hae- 
morrhage are  met  with,  according  as  the  blood 
escapes  externally,  or  is  stored  up  in  the  uterus. 
These  are : — 

(A)  Concealed  accidental  haemorrhage. 

(B)  External  accidental  haemorrhage. 
These  two  varieties  differ  so  markedly  from 

one  another,  as  far  as  the  conditions  present 
and  the  appropriate  treatment  are  concerned, 
that  they  must  be  described  separately. 

(A)  Concealed  Accidental  H.emorruage. — 
Concealed  accidental  haemorrhage  is  the  term 
applied  to  accidental  haemorrhage  when  the 
blood  is  stored  up  in  the  uterus  instead  of 
escaping  into  the  vagina.  In  such  a  condition 
the  blood  may  be  found  in  one  of  four  situa- 
tions : — 

(1)  Behind  the  placenta,  the  whole  of  which 
is  separated  except  its  edges. 

(2)  Behind  the  membranes,  which  are  de- 
tached except  round  the  internal  os. 

(3)  In  the  amniotic  cavity. 

(4)  Behind  the  presenting  part,  if  the  latter 
fills  the  lower  uterine  segment  completely. 

Concealed  accidental  haemorrhage  is,  with  the 
exception  of  acute  sepsis,  the  most  serious 
accident  which  can  happen  to  a  pregnant 
woman.  This  is  due  not  only  to  the  difficulty 
of  diagnosing  its  occurrence  at  an  eai'ly  stage, 
but  also  to  the  fact  that  we  have  an  entirely 
different  condition  of  the  uterus  from  that  which 
we  find  in  external  haemorrhage.  In  concealed 
haemorrhage  the  blood  collects  in  the  uterus, 
because  the  latter  dilates  so  easily  that  the 
intra-uterine  pressure  is  never  sufficiently  great 
to  overcome  the  slight  resistance  offered  to  its 
outflow  through  the  cervix.  In  external  haemor- 
rhage quite  the  opposite  is  the  case.  Here, 
the  intra-uterine  pressure  is  so  rapidly  raised, 
by  the  escape  of  blood  from  behind  the  placenta, 
that  such  blood  is  almost  immediately  forced 
through  the  cervix.  The  cause  of  the  difference 
in  the  two  cases  is,  that  in  internal  haemorrhage 
we  have  to  deal  with  a  uterus  the  muscle  fibre 
of  which  has  for  some  reason  lost  its  normal 
contractile  tone,  and  whose  elasticity  is,  as  a 
result,  impaired  ;  while  in  external  haemorrhage, 
the  uterine  fibre  possesses  that  normal  tone, 
and  hence  may  be  described  as  "  healthy."  It 
is  quite  obvious  that  a  ruptured  vessel  can  only 
bleed  into  a  closed  cavity  as  long  as  tlie  pressure 
inside  that  cavity  is  less  than  the  blood  pressure. 
Once  they  equalise  one  another  the  bleeding 
ceases.  If  the  blood  can  escape  from  the  cervix 
as  quickly  as  it  flows  from  behind  the  placenta, 
then  such  equalisation  never  takes  place.  If 
the  uterus  is  healthy  in  tone  and  the  outflow  of 
blood  from  the  cervix  is  prevented,  the  two 
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pressures  rapidly  equalise  one  another  and  the 
bleeding  ceases.  If,  however,  the  uterine  fibre 
has  lost  its  tone  to  such  an  extent  that  it  will 
permit  the  uterus  to  dilate  before  the  blood 
pressure,  then  not  only  does  the  intra-uterine 
pressure  never  rise  sufficiently  to  check  the 
haemorrhage,  but  it  is  not  even  sufficient  to 
force  the  blood  which  has  escaped  through  the 
cervix.  In  this  manner  concealed  hasmorrhage 
commences.  The  amount  of  htemorrhage  which 
the  uterus  will  permit  to  accumulate  inside 
will  depend  upon  the  extent  to  which  the 
muscle  fibre  is  affected.  The  first  sign  that 
the  latter  is  commencing  to  react  against  the 
distension  it  is  undergoing,  is  the  escape  of 
blood  externally,  and  accordingly  the  earlier 
that  occurs  the  healthier  may  the  condition  of 
the  uterus  be  judged  to  be.  These  are  all 
important  facts  to  grasp,  as  they  explain  the 
essential  differences  between  external  and  in- 
ternal hsemorrhages  so  far  as  accompanying 
conditions  go.  They  also  indicate  a  means  by 
which  external  hsemorrhage  may  be  checked, 
and  the  necessity  for  uterine  co-operation  in 
carrying  ovit  such  a  treatment. 

Symptoms.  —  The  symptoms  of  concealed 
hsemorrhage  fall  under  two  heads : — 

(1)  Those  due  to  the  loss  of  blood,  and 

common  to  all  forms  of  htemorrhage. 

(2)  Those  due  to  the  accumulation  of  blood 

in  the  uterus. 

(1)  The  first  group  does  not  require  any 
special  attention  here.  The  symptoms  are 
given  in  full  in  the  section  dealing  with  post- 
haemorrhagic  collapse  {v.  "  Labour,  Post-partum 

HEMORRHAGE,"  Vol.  V.  p.  256). 

(2)  The  most  prominent  symptom  in  the 
second  group  consists  in  the  gradual  enlarge- 
ment of  the  uterus,  which  may  dilate  to  such 
an  extent  as  to  fill  the  entire  abdomen  and 
cause  pressure  on  the  diaphragm.  The  uterus 
at  first  becomes  tense,  and  then  of  an  almost 
■woody  hardness,  and  is  markedly  tender  to  the 
touch.  All  possibility  of  palpating  the  foetus 
disappears.  At  the  same  time  there  is  severe 
abdominal  pain,  akin  to  the  pain  caused  by  the 
tonic  contraction  of  the  uterus  in  cases  of 
threatened  rupture. 

Diagnosis. — The  diagnosis  of  concealed  haemor- 
rhage due  to  detachment  of  the  placenta  can  be 
made  by  means  of  the  symptoms  given  above. 

Tenderness  of,  and  increase  of  size  in,  the 
uterus,  with  ever-increasing  pain,  are  almost 
pathognomonic  of  intra-uterine  hsemorrhage — 
an  important  fact  to  bear  in  mind  even  when 
there  is  a  sufficient  amount  of  external  haemor- 
rhage to  account  for  any  other  symptoms. 

Treatment.  —  The  treatment  of  concealed 
haemorrhage  is  so  far  by  no  means  satisfactory. 
Mild  cases  which  occur  during  labour  are  not 
very  difficult  to  treat,  but  severe  cases  starting 
prior  to  the  onset  of  labour  are  most  serious. 
From  what  has  gone  before,  it  will  be  obvious 


that  plugging  of  the  vagina — a  line  of  treat- 
ment which  is  so  satisfactory  in  external  haemor- 
rhage— is  here  of  no  avail.  In  those  cases  in 
which  we  are  able  to  recognise  the  very  com- 
mencement of  the  hfemorrhage,  and  while  still 
the  patient  shows  no  marked  symptoms  of 
bleeding,  some  good  may  be  gained  by  the 
application  of  a  tight  abdominal  binder,  and 
possibly  by  the  administration  of  ergot ;  while 
the  application  of  a  firm  vaginal  compress — as 
presently  described — may  bring  on  labour  be- 
fore the  htemorrhage  has  reached  a  formidable 
amount.  Once  the  patient  begins  to  have  strong 
uterine  contractions  a  great  deal  of  the  risk  of 
the  case  disappears.  Immediate  rupture  of  the 
membranes  is  then  indicated,  with  the  object  of 
permitting  the  blood  to  escape  and  the  uterus 
to  contract  down  upon  the  foetus.  The  remain- 
ing treatment  of  the  case  is  the  same  as  that 
of  external  accidental  haemorrhage  when  the 
patient  is  in  labour.  Unfortunately,  many 
cases  of  concealed  haemorrhage  have  a  sudden 
onset  before  the  patient  is  in  labour,  and  do  not 
admit  of  any  temporising  measures.  In  such 
cases  the  bleeding  must  be  immediately  checked, 
and  in  order  to  do  this  the  seat  of  the  haemor- 
rhage must  be  directly  reached.  Two  lines 
of  treatment  present  themselves — accouchement 
force,  and  supra -vaginal  amputation  of  the 
uterus  either  by  Porro's  method  or  not,  as  may 
be  preferred.  These  are  both  most  serious 
measures,  and  convey  per  se  a  great  element  of 
danger  into  the  case.  The  only  excuse  for 
their  adoption  is  that  the  danger  which  they 
are  directed  against  is  so  urgent  that  even  the 
risk  of  Porro's  operation,  or  accouchement  force, 
with  a  collapsed  patient,  is  to  be  preferred. 

By  accouchment  force  is  meant  the  dilatation 
of  the  cervix  followed  by  version  and  the  ex- 
traction of  the  foetus.  It  is  performed  as  fol- 
lows : — Place  the  patient  in  the  cross-bed  posi- 
tion, with  her  hips  well  over  the  edge  of  the 
bed  ;  if  possible  an  anaesthetic  should  be  given. 
The  first  step  is  the  dilatation  of  the  cervix. 
This  can  be  best  accomplished,  in  cases  in  which 
the  inner  os  is  dilated,  by  means  of  several 
incisions  through  the  walls  of  the  cervical  canal, 
radiating  outwards  from  the  os  externum. 
This,  however,  can  only  be  practised  in  primi- 
parae,  in  whom  the  os  internum  is  found  dilated 
previous  to  the  onset  of  labour.  In  multiparaj, 
where  the  cervix  is  still  long  and  the  inner  os 
closed,  mechanical  dilatation  must  be  practised. 
This  is  usually  performed  by  means  of  the 
fingers.  First  one  finger  is  introduced  gently 
through  the  cervix,  and  then,  equally  gently, 
another  beside  the  first.  Then  a  third  finger, 
and  so  on,  until  finally  the  whole  hand  can  be 
introduced.  If  there  is  not  sufficient  dilatation 
at  the  start  to  allow  of  the  introduction  of  one 
finger,  a  few  Hegar's  dilators  must  be  used, 
and  by  this  means  the  cervical  canal  enlarged. 
As  soon  as  the  whole  hand  has  been  passed 
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into  the  uterus,  the  foot  of  the  foetus  is  seized 
and  drawn  down.  By  gradually  pulling  upon 
it  the  size  of  the  cervical  canal  is  still  further 
increased,  and  finally  the  breech  can  be  brought 
through.  The  remainder  of  the  foetus  is  then 
extracted  in  the  usual  manner.  If  the  placenta 
is  not  immediately  expelled  by  the  uterine 
contractions,  it  should  be  removed  by  the 
hand,  and  in  all  cases  the  utero-vaginal  canal 
must  be  plugged  firmly  with  iodoform  gauze. 

Supra-vaginal  amputation  of  the  uterus  is 
perhaps  to  be  preferred  to  the  foregoing.  It 
is  easier  if  there  is  sufficient  assistance.  It  is 
quicker  if  Porro's  operation  is  performed.  There 
is  less  blood  lost  during  its  performance,  and 
there  is  no  more,  if  as  much,  shock.  The 
objection  to  it  is  the  greater  number  of  assist- 
ants which  it  requires.  As  to  the  method  of 
performing  it  there  is  nothing  very  special  to 
be  said.  For  the  description  of  the  operation 
the  reader  is  referred  to  the  article  on  "  Hys- 
terectomy," vol.  V.  p.  304.  Porro's  operation 
is  the  most  rapid  method,  but  convalescence 
is  slower  than  if  an  intra-  or  retro-peritoneal 
treatment  of  the  stump  is  adopted. 

Prognosis. — The  prognosis  for  the  mother  is 
very  serious,  especially  in  those  cases  which 
come  on  before  labour  starts ;  for  the  child  it 
is  almost  absolutely  bad. 

(B)  External  Accidental  Hemorrhage. — 
External  accidental  haemorrhage  is  the  term 
applied  to  accidental  haemorrhage  when  the 
blood  escapes  from  the  uterus  according  as  it  is 
poured  out  from  behind  the  detached  placenta. 
It  is  a  serious  accident,  but  by  no  means  as 
serious  as  is  concealed  haemorrhage.  In  the 
majority  of  cases  the  blood  pours  into  the 
vagina  as  rapidly  as  it  escapes  from  the  ruptured 
vessels.  Sometimes,  however,  a  certain  amount 
of  blood  may  first  accumulate  in  the  uterus, 
and  then  commence  to  escape  externally  as 
soon  as  the  latter  reacts  against  the  blood 
pressure,  i.e.  as  soon  as  the  intra-uterine  pres- 
sure becomes  sufficiently  great  to  overcome  the 
resistance  to  the  escape  of  blood. 

Symptoms. — The  escape  of  blood  from  the 
vagina  is  the  m^ost  marked  symptom,  accom- 
panied by  the  usual  symptoms  of  collapse  if 
the  bleeding  continues  long  enough.  In  those 
cases  in  which  there  is  concealed  haemorrhage 
as  well,  the  symptoms  which  have  been  given 
under  the  heading  of  concealed  haemorrhage  are 
met  with. 

Diagnosis. — The  diagnosis  of  the  case  has  to 
be  made  from  haemorrhage  due  to  placenta 
praevia,  i.e.  unavoidable  haemorrhage.  To  do 
this,  examine  the  patient  vaginally,  with  the 
object  of  determining  whether  the  placenta  can 
be  felt  in  the  lower  uterine  segment  or  not.  If 
it  can  be  felt,  it  is  a  case  of  placenta  praevia ;  if 
it  cannot,  of  accidental  haemorrhage.  In  some 
cases  in  which  the  placenta  cannot  be  felt,  it 
may  possibly  be  a  case  of   lateral  placenta 
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praevia,  but  still  it  is  to  be  treated  as  if  it  was 
one  of  accidental  haemorrhage.  The  reason  for 
this  is  that,  if  the  placenta  lies  at  a  height  at 
which  it  cannot  be  felt  from  the  vagina,  though 
actually  it  may  be  a  placenta  praevia,  still  the 
treatment  suitable  for  accidental  haemorrhage 
will  be  found  to  be  the  more  efficacious. 

Accidental  haemorrhage  may  be  diagnosed  by 
abdominal  palpation  by  excluding  the  possibility 
of  placenta  praevia.  If  the  head  is  found 
to  be  fixed  in  the  pelvis,  and  the  patient  is 
bleeding,  it  is  certainly  not  a  case  of  placenta 
praevia. 

Treatment. — The  treatment  of  the  case,  as 
well  as  the  prognosis,  depends  to  a  very  great 
extent  upon  the  time  at  which  the  haemorrhage 
starts,  i.e.  whether  during  pregnancy  or  labour 
— when  there  are  no  uterine  contractions,  or 
when  there  are.  If  the  patient  is  in  labour,  the 
danger  of  the  case  is  greatly  diminished,  and 
the  treatment  is  comparatively  simple.  If  she 
is  not  in  labour,  the  reverse  is  the  case. 

If  the  patient  is  not  in  labour  when  the 
haemorrhage  starts,  there  are  two  points  towards 
which  our  treatment  must  be  directed.  The 
first  is  the  immediate  checking  of  the  haemor- 
rhage ;  the  second,  the  induction  of  labour.  If 
the  haemorrhage  can  be  satisfactorily  stopped 
for  the  time  necessary  to  bring  on  uterine 
contractions,  the  case  is  practically  reduced  to 
one  of  haemorrhage  during  labour,  and  the 
prognosis  consequently  improved.  As  has  been 
shown  above,  there  is  very  little  room  for  blood 
to  accumulate  in  a  healthy  uterus  filled  by  an 
unruptured  ovum.  Either  it  must  escape  from 
the  cavity  as  rapidly  as  it  pours  out  from 
behind  the  placenta,  or  the  intra-uterine  pres- 
sure will  become  equal  to  the  blood  pressure, 
and  the  bleeding  cease.  Again,  the  fact  that 
the  haemorrhage  is  external  tends  to  show  that 
the  uterus  is  "  healthy,"  as  is  demonstrated  by 
the  statistics  of  cases  treated  on  this  basis.  In 
no  case  of  accidental  haemorrhage  at  the  Rotunda 
Hospital  has  plugging  converted  an  external 
into  an  internal  haemorrhage,  an  accident  which 
would  surely  occur  if  the  uterine  fibre  had  lost 
its  tone.  If  we  prevent  the  blood  which  is  being 
poured  out  from  behind  the  placenta  from 
leaving  the  uterus,  the  pressure  inside  the 
latter  will  i-apidly  become  equal  to  the  blood 
pressure,  and  the  haemorrhage  will  cease.  The 
easiest  and  most  eff'ectual  method  of  doing  this 
is  by  plugging  the  vagina  tightly,  and  so  com- 
pressing the  cervix.  This  will  check  the 
haemorrhage,  and  at  the  same  time  it  will 
carry  out  our  other  object,  which  is  a  necessary 
part  of  any  successful  treatment,  namely,  it 
will  induce  labour.  Furthermore,  labour  thus 
brought  on  comes  on  gradually,  and  does  not 
cause  any  aggravation  of  the  shock  from  which 
the  patient  is  already  suff'ering,  as  do  the  more 
rapid  methods  of  emptying  the  uterus.  On 
the  contrary,  ample  time  is  allowed  for  the 
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patient  to  rally  from  the  collapse,  which  the 
haemorrhage  has  caused,  before  the  uterus 
empties  itself. 

The  operation  of  plugging  is  carried  out  as 
follows  : — Place  the  patient  in  the  cross-bed  posi- 
tion, with  her  hips  well  over  the  edge  of  the 
bed.  Administer  an  anfesthetic  if  necessary, 
and  this  is  most  frequently  the  case,  as  the  firm 
application  of  a  plug  which  is  required  in  these 
cases  is  rather  a  painful  procedure.  Wash  the 
external  genitals  and  douche  out  the  vagina 
thoroughly.  Then  pass  a  posterior  speculum, 
and,  with  strips  of  iodoform  gauze  soaked  in 
lysol  solution  (0-5  per  cent),  plug  tightly  round 
and  over  the  cervix.  A  speculum  is  not  ab- 
solutely necessary,  but,  if  the  patient  is  not 
under  an  anaesthetic,  it  renders  the  proceeding 
less  painful  by  protecting  the  perineum.  The 
remainder  of  the  vagina  is  then  plugged  as 
tightly  as  possible  with  balls  of  cotton-wool 
about  the  size  of  a  golf-ball,  which  have  been 


Fig.  2. — Diagram  showing  a  vaginal  tampon  in  situ. 


previously  sterilised  by  boiling  and  then  soaked 
in  lysol  solution.  This  plugging  is  continued 
until  no  more  can  be  pressed  into  the  vagina 
{v.  Fig.  2).  The  patient  is  then  put  back  to 
bed,  and  an  abdominal  binder  pinned  as  tightly 
as  possible  round  the  uterus,  while  a  T-binder 
is  brought  down  between  the  thighs,  and  also 
fixed  firmly.  By  this  means  the  uterus  is  com- 
pressed between  the  plug  in  the  vagina  and  the 
abdominal  binder,  and  the  intra-uterine  pressure 
is  raised.  The  plug  is  left  in  until  strong 
labour  pains  ensue,  which  visually  happens  in 
from  two  to  four  hours.  In  some  cases  the 
onset  of  labour  is  slower  than  this,  and  in  such 
the  plug  must  be  removed  in  twenty-four  hours 
for  fear  of  decomposition  taking  place.  If 
haemorrhage  comes  on  again  it  can  be  replaced, 
but  this  is  rarely  necessary.  While  the  plug  is 
in  situ  the  patient  must  be  carefully  watched  to 
see  that  concealed  haemorrhage  is  not  occurring. 
The  first  sign  of  such  a  condition  is  afforded  by 
the  patient  complaining  that  the  abdominal 
binder  is  becoming  tighter  than  she  can  bear — 


a  condition  which  is  caused  by  the  increase  in 
size  of  the  uterus. 

The  success  of  this  treatment  depends  upon 
three  points  : — 

(1)  The  uterus  must  be  "healthy." 

(2)  The  ovum  must  be  intact. 

(3)  The  plug  m.ust  be  tightly  applied. 

If  the  patient  is  in  labour  when  the  haemor- 
rhage starts,  the  first  thing  to  be  done  is  to 
rupture  the  membranes.  This  treatment,  which 
is  frequently  recommended  as  the  treatment  in 
all  cases,  is  now  most  suitable.  Every  time  the 
uterus  contracts  it  drives  the  presenting  part  or 
the  liquor  amnii  against  the  membranes  lying- 
over  the  OS  internum,  and  these  latter  in  turn 
communicate  this  downward  impulse  to  the 
placenta.  In  this  manner,  with  each  contrac- 
tion, while  the  membranes  are  unruptured,  a 
fresh  piece  of  placenta  is  detached.  When  the 
membranes  are  ruptured  the  presenting  part 
can  advance  without  causing  any  such  drag 
upon  the  placenta,  and  at  the  same  time,  owing 
to  the  escape  of  liquor  amnii,  the  uterine  cavity 
is  diminished  in  size,  thus  causing  a  correspond- 
ing diminution  in  the  placental  site.  Rupture 
of  the  membranes  can  be  accomplished  by  means 
of  a  stilette  or  the  finger-nail.  Care  must  be 
taken  to  ensure  the  gradual  escape  of  the  liquor 
amnii,  especially  in  those  cases  in  which  the 
presenting  part  is  not  fixed,  lest  the  cord  should 
be  carried  down  at  the  same  time.  In  addition 
to  rupturing  the  membranes,  a  hot  vaginal 
douche  may  be  given  to  stimulate  uterine  con- 
tractions, and  massage  of  the  fundus,  with  the 
same  object,  may  also  be  tried. 

If  such  treatment  fails  to  check  the  bleeding, 
our  further  plan  of  action  depends  upon  the  size 
of  the  OS.  If  the  latter  is  still  quite  small,  the 
vagina  must  be  plugged  as  before.  This  treat- 
ment, which  would  be  most  unsafe  after  the 
membranes  are  ruptured,  if  there  were  no  labour 
pains,  becomes  again  safe  if  there  are  strong 
contractions,  as  the  latter  ensure  the  obliteration 
of  any  space  round  the  foetus,  left  by  the  escape 
of  the  liquor  amnii.  The  plug  is  left  in  situ 
until  pains  of  an  expulsive  character  set  in.  It 
may  then  be  removed.  The  use  of  the  plug  in 
cases  such  as  this  is,  however,  very  seldom  re- 
quired, as  in  the  large  majority  of  cases  haemor- 
rhage ceases  when  the  membranes  are  ruptured 
in  the  presence  of  uterine  contractions,  or  else 
it  is  possible  to  empty  the  uterus.  If  the  os  is 
half  or  more  dilated,  and  the  presenting  part  is 
not  fixed,  podalic  version,  followed  by  extraction, 
is  the  line  of  treatment  indicated.  If,  however, 
the  patient  is  very  much  collapsed,  and  all 
haemorrhage  ceases  as  soon  as  a  foot  has  been 
brought  down  into  the  cervical  canal,  it  may  be 
advisable  to  leave  the  expulsion  of  the  child  to 
the  natui'al  efforts.  Version  in  these  cases  can 
usually  be  carried  out  by  the  internal  method  ; 
in  some  cases  it  may  be  necessary  to  adopt  the 
bi-polar  method,  as  will  be  presently  described. 
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If,  on  the  other  hand,  the  os  is  fully  or  almost 
fully  dilated  and  the  head  is  fixed,  immediate 
delivery  by  the  forceps  is  indicated. 

Other  Modes  of  Treatment. — The  above  is  the 
treatment  which  the  writer  recommends,  his 
reason  for  which  will  be  found  below.  But,  in 
addition,  there  are  other  methods  which  are 
recommended  by  various  authorities.  Of  these 
the  following  are  the  chief  : — 

Rupture  of  the  membranes  in  every  case. — 
Rupture  of  the  membranes  in  every  case  is  the 
treatment  which  has  perhaps  the  greatest 
number  of  supporters.  It  is  a  treatment  which 
is  easily  carried  out,  and  in  some  cases  is 
sufficient.  If  we  can  be  certain  that  the  uterus 
will  contract  down  upon  the  foetus  immediately 
after  the  escape  of  the  liquor  amnii,  there  are 
no  very  great  objections  to  trying  such  a  course 
of  action,  as  if  it  fails  it  is  still  possible  to  resort 
to  plugging.  But,  if  the  uterus  does  not  con- 
tract down  upon  the  foetus,  there  is  a  large 
space  left  inside  it  for  blood  to  collect  in, 
consequently  plugging  is  impossible ;  and,  if 
haemorrhage  continues,  there  is  nothing  left 
but  accouchement  force — the  most  dangerous  of 
all  treatments.  Accordingly,  rupture  of  the 
membranes  should  be  left  for  those  cases  in 
which  we  can  be  certain  that,  after  it  is  done, 
the  uterus  will  contract  down ;  that  is,  it 
should  only  be  performed  when  the  patient  is  in 
labour. 

Accouchement  force. — Accouchement  force,  as 
has  been  stated  before,  is  the  most  dangerous 
of  all  treatments.  It  is  quite  unjustifiable  in 
any  case  of  external  haemorrhage  so  long  as  the 
membranes  are  intact.  The  great  objection  to 
it  lies  in  the  fact  that  intra-uterine  manipula- 
tions, particularly  the  violent  manipulations  of 
accouchement  force,  tend  directly  to  aggravate 
the  collapse  into  which  the  patient  falls  in  cases 
of  severe  hBemorrhage.  Delivery,  even  when 
effected  by  the  natural  efforts,  increases  the 
collapse,  and  consequently  any  treatment  which 
will  check  the  haemorrhage,  and  also  afford  an 
interval  during  which  the  patient  can  revive 
before  the  uterus  is  emptied,  is  the  treatment 
that  is  to  be  preferred. 

Prognosis. — The  prognosis  in  external  acci- 
dental haemorrhage  depends  very  much  on  the 
form  of  treatment  adopted.  In  the  Rotunda 
Hospital,  56  cases  of  accidental  haemorrhage 
of  all  degrees  of  severity  were  treated  between 
November  1889  and  November  1893.  Accouche- 
ment force  was  the  mode  of  treatment  adopted 
in  all  the  serious  cases,  and  of  those  so  treated 
6  died.  From  November  1893  to  November 
1900,  57  cases  were  treated.  Accouchement 
force  never  was  performed,  its  place  being 
entirely  taken  by  plugging.  Out  of  this  number 
1  patient  died,  and  she  had  been  admitted  to 
the  hospital  thirty  minutes  previously  with  the 
membranes  ruptured.  The  number  of  serious 
cases  during  these  two  periods  was  relatively 


the  same.  The  treatment  by  rupture  of  the 
membranes  in  all  cases  is  credited  with  a 
mortality  of  10  to  12  per  cent  by  its  sup- 
porters ;  and  yet  a  well-known  obstetrician 
used  to  consider  that  the  fact  of  a  student 
recommending  plugging  of  the  vagina  as  a 
treatment  for  accidental  haemorrhage  was 
sufficient  ground  for  depriving  him  of  his 
examination.  The  subject  is  so  important  that 
the  writer  wishes  to  state  again  that  the 
advantages  of  the  vaginal  plug  lie  in  the  follow- 
ing facts  : — That  it  at  the  same  time  checks  the 
haemorrhage  and  brings  on  labour  ;  that  labour 
so  induced  comes  on  gradually,  and  at  a  time 
when  the  patient  has  had  an  interval  of  rest 
during  which  she  can  recover  from  her  collapsed 
condition ;  that  the  vaginal  plug  applied  in 
suitable  cases  does  not  tend  "  to  convert  an 
external  into  an  internal  haemorrhage " ;  and 
that,  even  if  the  bleeding  continues  after  the 
plug  has  been  applied,  the  patient  is  in  no 
worse  position  for  the  adoption  of  any  other 
treatment. 

The  foetal  mortality  is  very  high — from  40  to 
60  per  cent.    It  will  be  discussed  subsequently 

B.  Unavoidable  Haemorrhage 
Unavoidable  haemorrhage,  or  haemorrhage 
due  to  placenta  praevia,  is  the  term  applied  to 
the  bleeding  caused  by  the  detachment  of  a 
placenta,  any  portion  of  which  is  implanted  so 
near  the  os  internum,  that  it  becomes  separ- 
ated during  the  formation  of  the  lower  uterine 
segment. 

Frequency. — The  statistics  relating  to  the 
frequency  of  placenta  praevia  are  very  conflict- 
ing. Kaltenbach  gives  the  proportion  of  1  in 
1500  to  1600,  Winckel  1  in  1500,  Ribemont- 
Dessaignes  1  in  1000,  the  Boston  Lying-in 
Hospital  1  in  239.  At  the  Rotunda  Hospital, 
among  15,109  cases  of  labour  there  were  86 
cases  of  placenta  pnevia,  or  1  in  175'68. 

Etiology. — The  etiology  of  placenta  praevia  • 
is  very  obscure.  It  is  more  frequent  amongst 
multiparae  than  amongst  primiparae,  and  is  also 
relatively  more  frequent  in  the  case  of  twin 
pregnancies.  Of  the  many  theories  which  have 
been  brought  forward,  three  are  specially  worth 
attention. 

(1)  That,  owing  to  the  effects  of  a  previous 
endometritis,  the  cavity  of  the  uterus  has 
become  so  enlarged  that  its  walls  are  no  longer 
in  contact  with  one  another.  Consequently, 
when  an  ovum  enters  the  uterus  through  the 
Fallopian  tube,  instead  of  being  detained  at  the 
fundus  by  the  pressure  of  the  mucous  mem- 
brane, it  drops  downwards  and  becomes  attached 
to  the  lower  portion  of  the  uterus.  Support  is 
given  to  this  theory  by  the  fact  that  placenta 
praevia  almost  always  occurs  in  patients  who 
have  suffered  from  endometritis,  as  shown 
by  menstrual  disturbances,  leucorrhoea,  and 
abortions. 
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(2)  Hofmeier  and  Kaltenbach  attribute  pla- 
centa prsevia  to  a  portion  of  the  placenta  being- 
developed  out  of  chorionic  villi  which  are 
implanted  in  the  decidiia  reflexa,  instead  of 
only  out  of  those  that  ai'e  implanted  in  the 
decidua  serotina.  The  tongue  of  placenta  thus 
formed  becomes  attached  to  the  lower  pole  of 
the  uterus  as  the  ovum  grows. 

(3)  That  a  placenta  prsevia  is  merely  a  nor- 
mally situated  placenta,  which,  owing  to  its  size, 
has  extended  into  the  lower  uterine  segment. 
This  may  be  the  case  in  some  instances,  but  in 
the  majority  of  cases  the  placenta  is  no  larger 
than  is  normal. 

Whatever  may  be  the  cause  of  the  low  in- 
sertion of  the  placenta,  the  bleeding  which 
results  from  it  is  started  by  the  expansion  of 
the  lower  pole  of  the  uterus  consequent  upon 
the  formation  of  the  lower  uterine  segment 
during  the  later  months  of  pregnancy.  As  a 
result,  the  placental  site  becomes  too  large  for 
the  placenta,  and  detachment  ensues  (Jacque- 
mier).  Pinard  thinks,  on  the  other  hand,  that 
the  detachment  is  due  to  the  painless  contractions 
of  the  uterus,  which,  by  diminishing  the  size  of 
the  middle  and  upper  portions  of  the  cavity, 
tend  to  increase  the  size  of  the  lower,  and  so  to 
pull  it  away  from  the  placenta. 

Occasionally  haemorrhage  may  occur,  due,  not 
to  the  detachment  of  the  placenta,  but  to  the 
rupture  of  the  circular  sinus,  a  large  vein  which 
runs  round  the  placenta.  This  is  an  accident 
which  is  specially  likely  to  occur  when  the  edge 
of  the  placenta  is  over  the  os,  but  its  occurrence 
has  also  been  noticed  in  cases  of  normally 
situated  placentae. 

Varieties. — A  placenta  prse  via  is  termed  central, 
marginal,  or  lateral,  according  as  it  completely 
covers  the  os,  just  reaches  its  edge,  or  merely 
extends  into  the  lower  uterine  segment  without 
reaching  the  inner  os  (v.  Fig.  3).  It  will  be  at 
once  obvious  that  these  relationships  will  materi- 
ally alter  according  to  the  size  of  the  os.  Thus, 
what  may  be  apparently  a  central  placenta 
prgevia  at  the  commencement  of  labour,  will  as 
the  OS  dilates  become  marginal,  and  so  it  is 
essential  for  clearness'  sake  to  specify  the  size 
of  the  OS  at  the  time  at  which  the  examination 
is  made. 

Symptoms. — The  chief  symptom  is,  the  occur- 
rence of  an  attack  of  heemorrhage,  coming 
on  without  any  apparent  cause,  and  of  more  or 
less  severity.  The  first  attack  of  htemorrhage, 
if  not  treated,  may  be  sufficiently  profuse  to 
cause  the  death  of  the  patient,  but  such  an 
occui'rence  is  very  rare.  More  commonly  she 
recovers  from  it,  only  to  have  a  second  attack 
in  from  eight  to  ten  days,  and  this  in  turn  is 
followed  by  others.  The  haemorrhage  of  placenta 
praevia  is,  essentially,  a  haemorrhage  of  re- 
petitions (Ribemont-Dessaignes).  As  in  acci- 
dental haemorrhage,  the  bleeding  is  most  severe 
during  a  contraction  of  the  uterus.    This,  in 


Fig.  3.  — Diagram  representing  the  various 
situations  of  the  placenta.  A,  Normal 
situation  ;  B,  placenta  praevia  cen- 
tralis ;  C,  placenta  prsevia  marginalis  ; 
D,  placenta  pra;via  lateralis.  (Modi- 
fied from  2'/ie  Norris  Text-book  of 
Obstetrics.) 


placenta  praevia,  is  due  to  the  fact  that  the 
vessels  which  supply  the  placenta  lie  below  the 
contraction  ring,  and  consequently  during  a 
contraction  not 
only  are  they 
not  obsti'ucted, 
but  the  pressure 
in  them  is  in- 
creased, owing 
to  the  obstruc- 
tion offered  to 
branches  run- 
ning above  the 
contraction  ring. 
If  the  bleeding 
continues,  the 
usual  symptoms 
of  collapse  ap- 
pear. 

Diagnosis. — 
There  is  but  one 
really  reliable 
method  of  diag- 
nosing aplacenta 
praevia,  that  is 
by  feeling  it 
through  the  cer- 
vical canal,  or, 
if  that  is  closed,  through  the  lateral  fornices. 
In  almost  all  cases  in  which  our  attention  is 
called  to  the  condition  by  haemorrhage,  the 
cervix  will  be  found  to  be  sufficiently  dilated  to 
admit  two  fingers,  so  that  there  is  rarely  any 
difl&culty  in  determining  the  position  of  the 
placenta.  The  latter  is  felt  as  a  spongy  mass, 
either  completely  covering  over  the  os  internum 
or  lying  to  one  or  other  side  of  it  {v.  Fig.  4).  A 
blood-clot  which  has  become  adherent  to  the 
membranes  in  either  of  these  situations  is  the 
thing  most  likely  to  be  confounded  with  it.  A 
distinction  can  be  made  by  noting  the  manner 
in  which  a  clot  can  easily  be  squeezed  through 
between  the  fingers,  while  a  portion  of  placenta 
cannot.  If  the  cervical  canal  is  closed,  the 
placenta  can  be  felt  as  a  thick  soft  mass  lying 
between  the  uterine  wall  and  the  presenting 
part  at  one  or  other  side.  The  cervix  and  the 
lower  uterine  segment  are  also  softer  than 
usual,  and  the  vessels  of  the  lateral  fornix 
are  enlarged  and  pulsate  more  strongly  than 
normal.  If  the  placenta  cannot  be  felt,  the 
case  is  to  be  treated  as  one  of  accidental 
haemorrhage. 

A  placenta  praevia  may  also  be 
diagnosed  by  abdominal  palpation, 
be  done  by  noticing  that  there  is 
which  either  displaces  the  presenting  part  to 
one  or  other  side  of  the  false  pelvis,  or  jDrevents 
it  from  descending  through  the  brim.  Then, 
on  very  careful  palpation,  a  soft  mass  may  be 
felt  at  the  side  from  which  the  presenting 
part  has  been  displaced.  If  the  presenting  part 
has  become  fixed  in   the  brim,  it  is  almost 
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certain  that  the  case  is  not  one  of  placenta 
prsevia. 

Treatment. — The  first  point  to  recognise  with 
regard  to  the  treatment  of  placenta  prsevia  is 
that,  immediately  the  condition  is  recognised, 
steps  must  be  taken  with  the  view  of  ending 
the  pregnancy,  whether  the  bleeding  has 
temporarily  ceased  or  not.  The  only  excep- 
tion which  may  be  made  to  this  rule,  is  in  those 


Fig.  4.— ilarginal  placenta  prsevia.  (Ahlfeld.) 


cases  in  which  the  patient  is  in  such  circum- 
stances that,  if  the  bleeding  restarts,  she  can 
be  immediately  treated.  Many  cases  have 
been  lost  because,  on  the  arrival  of  the  doctor, 
the  bleeding  was  found  to  have  ceased,  and 
consequently  nothing  was  done,  with  the 
result  that  the  bleeding  recurred,  with  fatal 
consequences. 

As  in  accidental  hsemorrhage,  the  line  of 
treatment  adopted  depends  to  a  very  great 
extent  upon  whether  the  patient  is  in  labour 
or  not.  If  she  is  in  labour,  the  treatment  of 
the  case  is  comparatively  simple,  both  because 
uterine  contractions  are  present,  and  also 
because  the  fact  that  haemorrhage  did  not 
occur  until  the  patient  came  into  labour,  shows 
that  the  placenta  is  not  very  close  to  the  os. 

Again,  as  in  accidental  hsemorrhage,  the 
objects  of  our  treatment  are  to  check  the 
bleeding  and  to  bring  on  labour  gradually. 
These  objects  are  best  attained  by  the  method 
introduced  by  Braxton  Hicks.  This  consists 
in  turning  the  child  by  podalic  version  into 
a  breech  presentation,  rupturing  the  membranes, 
and  drawing  down  a  foot.  The  remainder  of 
the  expulsion  of  the  foetus  is  then  left  to  nature. 


The  result  of  this  treatment  is  that  the  hsemor- 
rhage is  checked,  owing  to  the  pressure  of  the 
breech  and  subsequently  of  the  body  of  the 
child  against  the  placenta,  while  the  rupture 
of  the  membranes  and  the  partial  extraction 
of  the  foetus  ensure  the  onset  of  labour.  If 
there  is  any  return  of  the  bleeding,  a  little 
traction  on  the  foot  will  drag  more  of  the 
breech  downwards,  and  so  increase  the  pressure 
upon  the  placenta.    If,  as  may  happen  in  very 
rare  cases,  labour  pains  do  not  come  on  within 
twelve  hours,  or  if,  even  before  that  time — 
the  foetus  being  dead — signs  of  decomposition 
set  in,  delivery  must  be  accomplished  by  means 
of  gentle  traction  upon  the  foot.    The  method 
of  performing  bi-polar  version,  which  the  author 
prefers,  differs  somewhat  from  the  more  classical 
method   of   Braxton  Hicks,  and  so  a  short 
description  of  it  may  not  be  out  of  place.  The 
operation  is  carried  out  as  follows  : — Place  the 
patient  in  the  cross-bed  position,  and  under 
an  anaesthetic,  vxnless  her  condition  forbids  the 
use  of  one.    Ascertain  the  exact  position  of 
the  foetus  by  abdominal  palpation,  and  then 
by  external  version  turn  the  foetus  so  that  it 
lies  directly  transversely — its  head  at  one  side 
of  the  uterus,  its  breech  at  the  opposite,  and 
its  back  uppermost.    By  this  means  the  legs 
of  the  child  are  brought  to  lie  in  the  region  of 
the  OS  internum.    This  is  the  first  part  of  the 
operation.    The  second  part  is  commenced  by 
washing  the  external  genitals  thoroughly  and 
douching  out  the  vagina.    Then  as  much  of 
the  hand  as  is  necessary  is  passed  into  the 
vagina,  and  two  fingers  introduced  into  the 
cervix.    If  the  placenta  is  central,  the  fingers 
must  be  passed  through  it,  and  the  foot  sub- 
sequently brought  down  through  the  opening 
thus  made.    By  firm  external  pressure  on  the 
breech  with  the  other  hand,  the  feet  are  made 
to  descend  still  farther,  and  then  one  of  them 
can  be  seized  between  the  fingers  in  the  uterus. 
As  the  cervical  canal  is  usually  very  small,  the 
foot  must  be  drawn  down  in  such  a  manner 
as  to  take  up  the  least  room,  i.e.  by  bringing 
the  toes  first  and  the  rest  of  the  foot  in  an 
extended  position.    In  some  cases  it  may  happen 
that  the  os,  which  is  large  enough  to  admit 
two  fingers  by  themselves,  or  a  foot  by  itself, 
will  not  allow  the  three  to  come  down  together. 
In  such  a  case  the  following  manoeuvre  is  some- 
times  successful.     With   the   fingers  passed 
through  the  cervix,  draw  the  tips  of  the  toes 
downwards  through  the  inner  os  as  far  as 
possible.    Next  remove  the  fingers  and  keep 
the  foot  in  the  same  position  by  means  of 
external  pressure  upon  the  breech.    Then,  with 
the  fingers  in  the  vagina,  encircle  the  cervix 
and  push  it  up  gently  over  the  toes,  while  at 
the  same  time  the  external  hand  presses  the 
breech  down.    By  this  means  half  of  the  foot 
is  brought  outside  the  os  externum,  and  is 
caught  by  the  fingers.    A  little  traction  then 
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draws  it  down  {v.  Fig.  5).  At  the  same  time 
that  this  final  traction  is  being  made,  the 
abdominal  hand  piishes  the  fcetal  head  upwards 
to  the  fundus  of  the  uterus,  and  so  version  is 
completed.  The  last  step  consists  in  tying  a 
strip  of  iodoform  gauze  to  the  foot,  as  by  this 
means  traction  can  be  most  easily  applied  if 
necessary. 

In  order  that  this  line  of  treatment  can  be 
carried  out  satisfactorily  two  conditions  must 
be  fulfilled  :— 

(1)  The  cervical  canal  must  be  of  sufficient 
size  to  admit  two  fingers  at  least.  If  the 
hsemorrhage  is  at  all  severe  this  condition  is 
practically  always  fulfilled. 

(2)  The  membranes  must  be  intact,  or  only 
quite  recently  ruptured.    If   the  uterus  has 


Fig.  5.— Method  of  completing  bi-polar  version  in  a  case  in 
which  the  size  of  the  03  will  not  permit  of  the  presence 
of  the  foot  and  the  two  Hngers  at  the  same  time.  The  hand 
in  the  vagina  pushes  the  cervix  upwards  while  the  foot  is 
made  to  descend  by  pressure  upon  the  breech  (diagrammatic). 

become  contracted  down  upon  the  foetus  it  will 
be  found  impossible  to  turn  except  by  internal 
version,  and  there  is  rarely  or  never  sufficient 
cervical  dilatation  to  allow  of  this.  This  con- 
dition will  also  be  always  fulfilled  unless  an 
ignorant  attendant  has  resorted  to  rupture 
of  the  membranes,  with  the  idea  that  such 
treatment  is  sufficient. 

In  the  rare  case  in  which  the  cervical  canal 
is  not  sufficiently  dilated  to  admit  two  fingers, 
and  in  which  the  hfemorrhage  is  so  severe  that 
it  is  impossible  to  wait  for  a  short  time  to  allow 
it  to  dilate,  the  firm  plugging  of  the  vagina 
with  iodoform  gauze  and  cotton-wool  is  indicated. 
This  is  performed  in  the  same  manner  as  has 
been  already  described  under  the  head  of 
accidental  hfemorrhage. 

When  the  patient  is  in  labour,  the  treatment 
of  the  case  is  the  same  as  that  of  accidental 


htemorrhage  occurring  under  the  same  condi- 
tions. Commence  by  rupturing  the  membranes, 
a  proceeding  which  is  usually  sufficient.  This 
acts  by  allowing  the  head  to  advance  without 
causing  traction  through  the  membranes  upon 
the  placenta,  and  at  the  same  time  the  descend- 
ing head  presses  upon  the  placenta  and  checks 
hEemorrhage,  as  does  the  breech  after  version 
has  been  performed.  If  this  is  not  sufficient  to 
check  the  bleeding,  internal  version  may  be 
performed,  followed  or  not  by  extraction, 
according  to  the  condition  in  which  the  patient 
is  and  the  size  of  the  os.  If  the  head  is  fixed 
and  the  os  sufficiently  dilated,  the  forceps  may 
be  applied. 

Other  Modes  of  Treatment. — As  in  accidental 
hjemorrhage,  the  above  is  the  treatment  which 
the  author  considers  most  suitable.  Other  lines 
of  treatment  have  been  recommended  by  various 
authorities,  and  of  these  the  following  are  the 
chief  : — 

(1)  Champetier  de  Ribes'  Bag. — The  plugging 
of  the  lower  uterine  segment  by  means  of  a 
Champetier  de  Ribes'  bag  is  perhaps  the  line  of 
treatment  which,  after  bi-polar  version,  has  the 
greatest  number  of  advocates  at  the  present 
day.  A  Champetier  de  Ribes'  bag  is  a  pear- 
shaped  bag  made  of  waterproofed  silk.  Its 
wide  end  or  base  is  three-and-a-half  inches 
across,  while  the  narrow  end  tapers  to  the  size 
of  a  quarter-inch  rubber  tube,  with  which  it  is 
continuous,  and  by  which  it  is  filled.  The  bag, 
or  hydrostatic  dilator  as  it  is  termed,  is  used 
as  follows  : — The  patient  is  placed  in  the  cross- 
bed  position,  with  her  hips  well  over  the  side 
of  the  bed,  and  the  vagina  is  thoroughly  disin- 
fected. The  membranes  are  then  ruptured 
immediately  over  the  inner  os,  and  the  bag  is 
passed  upwards  into  the  amniotic  cavity  by 
means  of  a  forceps  made  for  the  purpose.  It 
is  then  distended  slowly  by  injecting  into  it 
any  antiseptic  fluid,  either  by  attaching  a 
syringe,  the  tube  of  a  uterine  douche,  or  other 
form  of  irrigator,  to  the  nozzle.  As  soon  as  it 
is  full  the  tap  is  turned  oft'  to  prevent  the  fluid 
escaping.  Finally,  the  end  of  the  bag  or 
colpeurynter  is  connected  with  the  foot  of  the 
bed  by  means  of  an  elastic  cord,  which  is  made 
as  tight  as  the  patient  can  bear.  The  effect 
of  the  introduction  of  a  pear-shaped  bag  like 
Champetier  de  Ribes'  into  the  amniotic  cavity 
is  to  cause  a  compression  of  the  placenta  against 
the  uterine  wall,  and  at  the  same  time  a  dilata- 
tion of  the  cervical  canal,  in  very  much  the 
same  manner  as  the  breech  of  the  child  does  in 
Braxton  Hicks'  method ;  while  the  rupture  of 
the  membranes  also  helps  to  bring  on  uterine 
contractions.  The  bag  is  allowed  to  remain  in 
the  uterus  as  long  as  it  will,  that  is,  until  the 
cervical  canal  is  so  dilated  that  it  slips  out.  If 
this  does  not  happen  within  twelve  hours  the 
bag  must  be  removed,  the  child  turned  by 
bi-polar  or  internal  version,  according  to  the 
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size  of  the  os,  and  extracted  immediately  or 
not,  according  to  the  condition  of  the  patient. 
The  average  time  which  the  bag  takes  to  dilate 
the  cervix  is  said  to  be  five  hours  and  ten 
minutes  (Blacker).  In  the  case  of  a  central 
placenta  prtevia,  the  bag  must  be  introduced 
through  an  opening  in  the  placenta  made  over 
the  inner  os. 

The  advantages  claimed  for  this  course  of 
procedure  over  Braxton  Hicks'  method  are  the 
ease  with  which  it  can  be  carried  out,  and  the 
improved  foetal  prognosis.  While  fully  recog- 
nising it  as  a  perfectly  scientific  mode  of  treat- 
ment, and  one  which  gives  excellent  results,  the 
writer  considers  it  to  be  inferior,  for  general 
use,  to  vei'sion.  In  careless  hands  it  is  more 
liable  to  cause  sepsis,  inasmuch  as  a  possibly 
non-sterile  foreign  body  is  lying  for  some  hours 
in  the  uterus ;  and  its  performance,  which  may 
not  be  required  very  frequently,  necessitates  the 
use  of  a  special  apparatus,  and  one,  moreover, 
which  is  very  liable  to  be  destroyed  by  lying  by. 

(2)  Accouchement  force.  —  The  adoption  of 
accouchement  force  is  even  more  dangerous  in 
the  case  of  placenta  prtevia  than  it  is  in  the 
case  of  accidental  hsemorrhage,  owing  to  the 
condition  of  the  cervix.  It  is  most  essential  to 
remember  that  in  these  cases  no  attempt  may 
be  made  to  deliver  the  foetus  through  an  in- 
completely dilated  os. 

(3)  Plugging  of  the  Vagina. — Plugging  of 
the  vagina  is  an  objectionable  and  unnecessary 
course  of  procedure  in  placenta  praevia.  There 
is  always  some  risk  of  sepsis  following  the  use 
of  a  plug,  and  this  risk  is  very  much  increased 
in  those  cases  in  which  the  placenta  is  situated 
in  the  lower  uterine  segment,  as  the  inoculation 
of  the  placental  site  by  the  extension  of  vaginal 
infection  is  so  easy.  Further,  we  have  an 
excellent  and  safe  mode  of  treating  these  cases 
which  we  do  not  possess  in  the  case  of  accidental 
ha3morrhage,  viz.  version.  Accordingly,  the  use 
of  the  plug  should  be  limited  to  the  small 
proportion  of  cases  in  which  it  is  absolutely 
necessary,  viz.,  to  those  cases  in  which  the 
patient  is  bleeding,  and  in  which  the  cervical 
canal  is  not  sufficiently  dilated  to  admit  even 
two  fingers. 

(4)  Partial  Detachment  of  the  Placenta. — 
Detachment  of  the  placenta  from  the  lower 
uterine  segment  was  the  main  feature  of  the 
treatment  recommended  by  Barnes.  The  steps 
of  his  procedure,  in  his  own  words,  are  as 
follows : — • 

"(a)  Rupture  the  membranes;  this  disposes 
the  uterus  to  contract. 

"(5)  Apply  a  firm  bandage  over  the 
abdomen. 

"  (c)  A  tampon  may  be  introduced  to  gain 
time,  but  it  is  not  necessary  to  do  so.  Watch  ; 
observe  with  vigilance. 

"  {d)  Detach  all  the  placenta  adhering  with- 
in the  inferior  zone,  and  always  watch.  If 


there  is  no  haemorrhage,  wait  a  little.  The 
uterus  may  perhaps  do  what  is  necessary.  If 
this  fails,  dilate  the  cervix  with  the  hydrostatic 
dilator.  Wait  and  watch.  If  the  natural 
forces  fail,  employ  the  forceps,  which  gives  the 
best  chance  to  the  child,  or  as  a  last  resort 
perform  version. 

"  (e)  Avoid  as  far  as  possible  everything  that 
pi'edisposes  to  septicsemia." 

Barnes'  ti-eatment  has  now  but  very  few  sup- 
porters. At  the  time  at  which  it  was  intro- 
duced it  was  a  considerable  advance  over  the 
methods  in  use,  inasmuch  as  it  prevented  the 
rapid  emptying  of  the  uterus.  It  is,  however, 
very  much  inferior  to  either  Braxton  Hicks' 
method  or  to  the  use  of  Champetier  de  Ribes' 
bag.  It  is  a  very  tedious  course  of  procedure 
for  the  patient,  and  one  which  aff'ords  many 
opportunities  of  inoculating  her  with  septic 
organisms.  In  placenta  prsevia,  more  than  in 
any  other  condition,  the  number  of  vaginal 
examinations  must  be  brought  down  as  near 
the  irreducible  minimum  as  possible,  on  account 
of  the  ease  of  infecting  the  placental  site.  But 
Barnes'  method  demands  repeated  examinations 
in  order  to  carry  out  its  multiple  steps,  and  to 
ensure  that  the  necessary  "  vigilance  "  is  being 
used. 

Complications. — Although  the  main  danger 
caused  by  placenta  prajvia  is  death  from 
haemorrhage  coming  from  the  placental  site, 
there  are  still  other  grave  risks  sufficiently 
imminent  to  require  careful  consideration 
dixring  the  treatment  of  a  case.  Of  these  the 
following  are  the  chief  : — 

(1)  Laceration  of  the  Cervix. — As  has  been 
already  mentioned,  laceration  of  the  cervix  is 
very  prone  to  occur  in  these  cases,  owing  to  the 
softened  condition  of  the  cervix  resulting  from 
its  increased  blood  supply.  Further,  for  the 
same  reason  that  they  occur,  they  are  the  more 
dangerous,  as,  if  any  of  the  large  vessels  going 
to  the  placenta  are  torn  across,  fatal  traumatic 
haemorrhage  will  very  probably  result.  It  is 
this  which  makes  accouchement  force  so  danger- 
ous a  proceeding  in  these  cases,  and  which 
furnishes  a  direct  contra-indication  to  the 
extraction  of  the  child  through  an  incompletely 
dilated  cervix.  If  post-partum  haemorrhage 
follows  the  birth  of  the  child  in  these  cases,  the 
possibility  of  its  being  due  to  a  laceration  must 
always  be  borne  in  mind. 

(2)  Septic  Infection. — In  consequence  of  the 
proximity  of  the  placental  site  to  the  vagina, 
the  absorption  of  septic  organisms,  or  of 
ptomaines,  may  very  easily  take  place.  Such 
absorption  may  occur  not  only  during  labour, 
but  also  during  the  peurperium.  Accordingly, 
as  has  already  been  said,  vaginal  examinations 
must  be  avoided  as  far  as  possible  during  labour, 
and  any  appearance  of  sapraemic  change  in  the 
vaginal  contents  after  confinement  must  be 
immediately  treated. 


296 


PREGNANCY,  PATHOLOGY  OF— HEMORRHAGE 


(3)  Post-partum  Hfemorrhage. — Post-partum 
hemorrhage  in  cases  of  placenta  prtevia  is  a 
comparatively  common  occurrence.  Its  fre- 
quency is  due  to  three  factors :  — 

(a)  Laceration  of  the  Cervix. — This  has  been 
already  noted. 

(h)  The  Situation  of  the  Placental  Site. — 
When  a  large  portion  of  the  placenta  extends 
below  the  contraction  ring,  its  site  cannot  be 
affected  to  the  same  extent  by  the  subsequent 
contraction  and  retraction  of  the  uterine  muscle 
as  if  the  placenta  was  entirely  situated  in  the 
contractile  part  of  the  uterus.  As  a  result,  the 
lumen  of  the  placental  vessels  may  not  be  com- 
pletely obliterated. 

(c)  The  Debilitating  effect  of  previous  Hfemor- 
rhage upon  the  Patient. — Marked  ansemia  and 
debility,  the  results  of  previous  hfemorrhages, 
have  frequently  a  very  prejudicial  effect  upon 
the  uterine  contractions. 

Prognosis. — The  prognosis  in  placenta  prfevia 
depends  greatly  upon  the  treatment  adopted. 
The  maternal  mortality  is  said  to  vary  between 
2  and  40  per  cent.  Galabin  had  92  cases, 
with  8  deaths  ;  Winckel,  19  cases,  with  1  death  ; 
Dlihrssen,  50  cases,  with  2  deaths.  Blacker 
has  collected  22  cases  in  which  Champetier  de 
Ribes'  bag  was  used,  with  1  death.  At  the 
Rotunda  Hospital,  where  Braxton  Hicks'  method 
is  used  in  all  severe  cases,  86  cases  were  treated 
from  1st  November  1889  to  1st  November  1900, 
with  3  deaths.  Of  the  3  deaths,  one  was  due  to 
rupture  of  the  uterus  occurring  in  a  case  in 
which  the  forceps  were  applied.  A  second  was 
due  to  liBemorrhage,  the  patient  being  admitted 
moribund,  after  a  journey  of  five  miles  in  an 
open  cart.  The  third  died  of  saprsemia,  from 
which  she  was  suffering  when  admitted.  As  in 
accidental  htemorrhage,  the  foetal  mortality  is 
very  high — from  40  to  60  per  cent. 

FcETAL  Mortality  in  Accidental  and  Un- 
avoidable HAEMORRHAGE. — A  fevv  words  must  be 
said  with  regard  to  the  foetal  mortality  in  these 
cases.  It  has  been  found  by  experience  that 
the  life  of  the  child  is,  in  antepartum  hfemor- 
rhage, more  or  less  antagonistic  to  the  life  of 
the  mother,  and  that  any  treatment  which  will 
give  the  lowest  maternal  mortality  will  give  the 
highest  foetal,  and  vice  versa.  Accouchement  force, 
which  in  the  past  gave  a  maternal  mortality  of 
from  40  to  60  per  cent,  gave  a  considerably 
lower  foetal  mortality  than  does  the  treatment 
which  is  adopted  at  the  present  day.  So  far 
no  treatment  has  been  described  which,  while 
affording  the  same  excellent  maternal  results 
that  are  obtained  by  Braxton  Hicks'  treatment 
in  placenta  prtevia,  or  by  vaginal  plugging  in 
accidental  h;emorrhage,  materially  reduces  the 
foetal  mortality.  This  condition  of  affairs  is 
after  all  no  more  than  must  be  expected.  So 
far  as  we  can  see  at  present,  it  is  necessary  to 
give  the  mother  as  much  time  as  possible  to 
recover  from  the  haemorrhage  which  has  oc- 


curred, before  the  uterus  is  emptied  either 
naturally  or  artificially.  During  this  time,  the 
foetus  is  limited  in  its  supply  of  oxygen  to  the 
amount  which  can  come  through  a  placenta,  of 
which  not  only  a  large  portion  is  detached,  but 
of  which  the  remainder  is  undergoing  a  more  or 
less  forcible  compression  against  the  uterine 
wall.  If  this  compression  can  obliterate  the 
vessels  which  are  torn  across,  it  must  also  to 
some  extent  diminish  the  size  of  the  lumen  of 
those  which  are  intact.  Furthermore,  even  if 
the  foetus  is  delivered  alive,  its  expectation  of 
life  is  extremely  bad.  It  is  frequently  prema- 
ture, and  has  always  suffered  more  or  less  from 
deprivation  of  oxygen.  As  a  result,  such  in- 
fants very  frequently  die  during  the  first  month 
after  birth.  Under  these  circumstances,  the 
author  considers  that  attempts  should  not  be 
made  to  save  the  life  of  the  child,  if  such 
attempts  will  materially  affect  the  prognosis  for 
the  mother.  It  may  frequently  seem,  in  pla- 
centa prsevia,  as  if  a  slight  traction  upon  the 
leg  of  the  child  would  save  its  life  by  hastening 
its  delivery,  and  the  very  natural  desire  to  save 
both  lives  may  induce  us  to  do  so.  In  some 
cases,  where  the  condition  of  the  mother  is  good 
and  the  cervix  is  sufficiently  dilated  to  remove 
the  danger  of  laceration,  it  may  be  possible  to 
hasten  delivery  without  increasing  the  maternal 
danger  to  an  unjustifiable  extent.  On  the  other 
hand,  if  the  case  is  one  which  should  have  been 
left  to  nature — as  the  majority  are — we  may 
only  find  that  we  have  sacrificed  the  life  of  the 
mother  for  the  sake  of  an  infant  who  succumbs 
shortly  after  its  birth. 

II.   HyEMORRHAGE  DUE  TO  RuPTURE  OF 

THE  Uterus 
Haemorrhage  always  accompanies  rupture  of 
the  uterus.  Its  amount  varies  according  to  the 
site  of  the  laceration,  the  involvement  or  escape 
of  the  large  iiterine  vessels,  the  amount  of  pres- 
sure exerted  by  the  fa>tal  parts  upon  the  lacera- 
tion, the  strengtli  with  which  the  uterus  sub- 
sequently contracts,  and  the  extent  to  which 
the  neighbouring  parts  are  implicated.  The 
haemorrhage  may  be  internal,  i.e.  into  the  peri- 
toneal cavity,  or  external,  according  to  the  site 
of  the  laceration,  according  as  it  is  complete  or 
incomplete,  and  according  as  the  situation  and 
nature  of  the  presenting  part  prevents  or  per- 
mits the  escape  of  blood.  The  symptoms  are 
those  of  internal  or  external  haemorrhage,  as  the 
case  may  be,  with  the  addition  of  the  more 
direct  symptoms  due  to  the  laceration  itself 
{vide  the  articles  on  "  Rupture  of  the  Uterus," 
Labour,  "  Injuries  during,"  vol.  v.  p.  264). 

2.  Arising  independently  of  the  Pregnancy 
MENSTRUATION 

The  possibility  of  menstruation  occurring 
during  pregnancy  is  a  question  which  apparently 
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has  not  been  definitely  decided.    In  answering 
such  a  question  much  depends  upon  the  defini- 
tion we  attach  to  the  word  menstruation.  If 
the  latter  is  understood  to  mean  merely  a  peri- 
odical discharge,  there  is  apparently  no  reason 
why  it  should  not  occur.    Undoubtedly  the 
uterus  undergoes  some  form  of  stimulation,  even 
during  pregnancy,  at  what  would  have  been  the 
menstrual  periods  if  the  patient  had  not  been 
pregnant.     Under  such  circumstances,  it  is  not 
very  difficult  to  believe  that  the  attendant  con- 
gestion may  cause  a  slight  hcemorrhagic  discharge 
from  an  ulcerated  cervix,  a  polypus,  or  even 
from  the  inflamed  decidua  vera  covering  the 
lower  pole  of  the  uterus  before  this  membrane 
has  come  into  contact  with  the  decidua  reflexa, 
that  is,  before  the  third  month.    If,  however — 
as  is  the  more  correct  definition — we  consider 
the  term  to  be  applicable  only  to  the  physio- 
logical discharge  which  accompanies  the  monthly 
destruction  and  expulsion  of  the  uterine  endo- 
metrium, it  is  obviously  impossible  that  men- 
struation could  take  place  during  pregnancy 
without  causing  abortion.    The  cases  of  supposed 
menstruation  during  pregnancy  can  almost  in- 
variably be  accounted  for  by  some  pathological 
condition  of  the  uterus  or  cervix.    The  regular 
occurrence  of  a  monthly  discharge  during  the 
whole  of  pregnancy  points  almost  invariably  to 
the  existence  of  a  double  uterus.    Pajot  says 
that,  while  the  haemorrhagic  discharges  which 
occur  during  pregnancy  may  have  some  char- 
acters which  cause  them  to  resemble  menstru- 
ation, they  invariably  differ  from    the  latter 
in  their  duration,  and  in  the  quantity  and 
quality  of  the  blood.    Pinard  states  that  there 
has  never  yet  been  observed  a  single  case  of  the 
persistence   of    menstruation   in   a  pregnant 
woman.     Dakin  considers   that,  "  while  one 
monthly  bleeding  may  be  allowed  to  pass  as  a 
menstruation  in  the  absence  of  any  discoverable 
cause,  or  of  any  further  disturbance,  any  repeti- 
tion of  this  should  always  be  looked  upon  as  a 
threatening  of  abortion,  and  the  patient  treated 
on  this  assumption." 

American  authorities,  on  the  other  hand,  do 
not  regard  the  persistence  of  menstruation  as  so 
impossible  or  improbable.  Lusk  considers  that 
the  occurrence  of  pregnancy  is  not  incompatible 
with  the  existence  of  a  periodical  flow — to  which, 
however,  he  is  careful  not  to  apply  the  term 
menstruation.  Parvin  states  that  a  monthly  flow 
may  occur  once  or  oftener  during  pregnancy,  or 
■even  persist  during  the  whole  period.  While 
Palmer,  of  Ohio,  records  the  case  of  a  patient 
of  his  own  who  never  menstruated  except  when 
she  was  pregnant ! 

The  general  attitude  of  modern  authorities, 
in  the  case  of  patients  who  consider  themselves 
to  be  pregnant  while  they  are  still  menstruating, 
may  be  summed  up  in  the  words  of  Stoltz : 
Rarely  will  one  be  deceived  who  regards  a 
woman  menstruating  regularly,  with  all  the 


characters  of  menstruation,  as  not  pregnant ; 
while  trusting  the  contrary  opinion,  he  is  ex- 
posed to  frequent  errors." 

HAEMORRHAGE  FROM  TUMOURS 
Myomata. — Myomata  of  the  uterus  generally 
cause  sterility,  and  consequently  are  not  a  very 
frequent  complication  of  pregnancy.  Intra- 
uterine myomata  may,  during  pregnancy  or 
labour,  give  rise  to  accidental  haemorrhage  by 
causing  the  detachment  of  the  placenta,  owing 
to  the  irregularity  their  presence  imparts  to 
the  uterine  contractions.  Subsequent  to  delivery 
they  are  a  very  common  cause  of  post-partum 
hsemorrhage.  Myomata  of  the  cervix,  or  pedun- 
culated myomata  of  the  uterus  which  project 
into  the  vagina,  may  give  rise  to  constant  small 
hfemorrhages  during  pregnancy,  and  have  been 
found  as  the  cause  of  those  periodical  discharges 
which  simulated  menstruation. 

Treatment.— For  the  treatment  of  myomata 
of  the  body  of  the  uterus  complicating  preg- 
nancy, the  reader  is  referred  to  the  article  on 
these  tumours.  Small  or  large  polypoid  myo- 
mata projecting  into  the  vagina  or  cervical 
canal  must  be  twisted  away,  or  cut  away,  accord- 
ing as  is  necessary.  The  constant  hsemorrhagic 
discharge  which  they  cause  weakens  the  patient ; 
there  is  a  great  risk  of  their  being  deprived  of 
their  blood  supply  and  sloughing,  and  they  may 
off"er  an  obstruction  to  the  delivery  of  the  child 
when  labour  comes  on.  There  is  little  or  no 
risk  of  their  removal  causing  the  onset  of 
labour. 

Malignant  Disease. — Malignant  disease  of 
the  cervix  or  vagina  will  cause  a  more  or  less 
continuous  hcemorrhagic  and  perhaps  sanious 
discharge  during  the  whole  of  pregnancy.  It 
will  also  favour  the  occurrence  of  abortion  owing 
to  the  anaemia  and  cachexia  it  induces.  The 
rapidity  of  its  growth  is  very  marked  during 
pregnancy,  while  after  the  expulsion  of  the 
foetus  there  is  a  temporary  check. 

Treatment.  —  If  the  existence  of  malignant 
disease  is  determined  in  the  early  months  of 
pregnancy,  abortion  ought  to  be  induced, 
whether  the  case  is  one  in  which  a  radical 
operation  is  possible,  or  whether  it  is  not.  In 
the  former,  the  induction  of  labour  is  a  matter 
of  course ;  in  the  latter,  it  should  be  performed 
in  order  to  check  the  otherwise  i-apid  growth. 
If  the  patient  is  in  the  later  months  of  preg- 
nancy, and  the  radical  removal  of  the  growth 
is  possible,  labour  ought  to  be  induced  irre- 
spective of  the  condition  of  the  foetus.  If  the 
growth  is  inoperable,  and  our  decision  lies  be- 
tween the  extraction  of  a  premature  or  immature 
foetus  through  the  vagina,  or  a  full-term  foetus 
by  Csesarean  section,  we  must  be  largely  or 
entirely  influenced  by  the  wishes  of  the  patient. 
In  a  case  in  which  we  determine  to  wait,  a 
temporary  check  may  be  given  to  the  discharge 
by  curetting  away  any  very  prominent  masses 
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which  project  into  the  vagina,  and  by  careful 
cauterisation. 

Other  tumours  or  pathological  conditions, 
whose  existence  may  give  rise  to  slight  haemor- 
rhage coming  from  the  vagina  or  its  neigbour- 
hood  during  pregnancy,  are  urethral  caruncle, 
mucous  polypi  of  the  cervix,  and  haemorrhoids. 

HEMORRHAGE  FROM  TRAUMATISMS 
Traumatisms  in  the  region  of  the  vagina  and 
vulva  will  cause  a  varying  degree  of  haemorrhage, 
accoi'ding  to  the  nature  of  the  lesion.  Their 
treatment  is  similarly  infliienced.  Considerably 
more  interesting  than  the  immediate  effect  of 
such  injuries  is  the  question  of  the  result  of  a 
traumatism,  either  surgical  or  otherwise,  upon 
the  pregnancy.  So  far,  the  most  varying 
consequences  have  been  met  with.  In  some 
women,  a  very  severe  accident  or  surgical 
operation  has  been  attended  by  no  bad  effects 
upon  the  pregnancy.  In  other  women,  the 
slightest  accident  or  interference  has  been 
followed  by  the  immediate  emptying  of  the 
uterus.  Gueniot's  conclusions  on  this  subject 
are  as  follows  : — 

(1)  The  harmlessness  of  traumatism  in  preg- 
nancy is  not  governed  by  any  absolute  law. 

(2)  A  traumatism,  if  the  woman  is  without 
morbid  predisposition — she,  her  uterus,  and  the 
ovum  healthy — is  generally  without  injurious 
effect  upon  the  pregnancy. 

(3)  If  gestation  is  complicated  by  a  patho- 
logical condition,  such  as  abnormal  irritability 
of  the  uterus,  disease  or  gi'eat  size  of  the  ovum, 
albuminuria,  etc.,  the  traumatism,  however 
slight,  and  whatever  the  part  involved,  most  fre- 
quently causes  premature  expulsion  of  the  ovum. 

(4)  Great  caution  is  necessary  in  performing 
surgical  operations  during  pregnancy. 

Ribemont-Dessaignes  considers  that  accidental 
traumata  vary  in  their  effects,  according  to  their 
intensity,  their  site,  the  amount  of  htemorrhage 
which  accompanies  them,  and  the  occurrence  of 
wound  complication,  sepsis,  etc.  As  regards 
surgical  intervention  Verneuil  says:  "Surgical 
intervention  is  not  forbidden  during  pregnancy, 
but  is  under  the  guidance  of  a  definite  rule — to 
abstain  from  it  when  it  is  possible  to  do  so ;  to 
intervene  when  it  is  necessary." 

Preha.llUX. — The  hypothetical  accessory 
digit  on  the  foot,  which  is  believed  to  have  been 
suppressed  during  evolution. 

Premature  Infants.  See  Couveuse  ; 

Labour  in  Multiple  Pregnancy  {Infantile 
Risks,  Pre^naturity) ;  Labour,  Faults  in  the 
Passenger  {Hydramnios) ;  Labour,  Obstetric 
Operations  {Induction  of  Premature  Labour') ; 
Pregnancy,  Pathology  {Intra-uterine  Diseases). 

Premature  Labour.    See  Labour, 

Obstetric  Operations  {Induction  of  Premature 
Lahow). 


Premaxilla.— The  anterior  fourth  of  the 
palatal  process  of  the  superior  maxilla  is  known 
as  the  premaxilla ;  it  is  ossified  from  the  in- 
cisive centre  ;  and  it  has  been  thought  to  consist 
of  two  parts  (endognathion  and  mesognathion) 
carrying  the  central  and  the  lateral  incisor 
tooth  respectively. 

Premenstrual. — Occurring  before  men- 
struation, e.g.  premenstrual 'pain.  See  Menstrua- 
tion AND  its  Disorders  {Dysmenorrhcea,  Cause 
of  the  Pain,  Congestion). 

Premolar.  See  Teeth  {Genesis  of  the 
Teeth,  Permanent). 

Premonitory. — Forewarning  or  indi- 
cating beforehand,  e.g.  the  premonitory  signs  of 
labour  or  of  a  disease. 

Prenatal. — Occurring  before  birth  ;  ante- 
natal.   See  Antenatal. 

Preparations. — in  Anatomy  prepara- 
tions are  parts  of  the  body  so  preserved  as  to  be 
useful  for  teaching  purposes  ;  in  Pharmacy  they 
are  the  forms  in  which  drugs  are  compounded, 
e.g.  standardised  preparations  (those  containing 
a  certain  fixed  proportion  of  the  principle  of 
the  drug). 

Prepollex. — A  suppressed  digit  supposed 
to  have  existed  on  the  radial  side  of  the  thumb 
(pollex).    See  Prehallux. 

Prepotency. — The  fact  that  in  heredity 
and  in  respect  to  certain  characters  the  j^aternal 
inheritance  is  often  more  potent  or  more  capable 
of  finding  expression  in  the  progeny  than  the 
maternal,  or  vice  versa.  See  Heredity  {Degrees 
of  Hereditary  Eesemblance). 

Prepuce.  See  Herpes  {Herpes  Genitalis) ; 
Circumcision  ;  Penis,  Surgical  Affections  of' 
{Prejmtial  Calculi) ;  Phymosis  and  Cross 
References. 

Presbycusis.  —  Senile  deafness  (Gr. 
Trpeafivs,  an  old  man  ;  olkovq,  hearing). 

Presbyopia. — Senile  defect  of  vision  (Gr. 
wpta-fivs,  an  old  man  ;  oji/^,  the  eye).  See  Accom- 
modation {Presbyopia)  ;  Headache  {Diagnosis 
of  the  Cause,  Age) ;  Refraction  {Presbyopia). 
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Prescribing 
General  Principles.  —  Many  years  ago  Dr. 
Paris  summarised  the  aim  of  prescribing — that 
is,  the  art  of  combining  medicinal  svibstances 
— as : — (1)  To  augment,  correct,  or  modify  the 
action  of  a  drug. ;  (2)  to  obtain  the  joint 
action  of  two  or  more  diverse  remedies ;  (3) 
to  form  a  new  remedy ;  (4)  to  obtain  a  suit- 
able form.  Applications  of  these  principles 
readily  suggest  themselves  ;  thus  combinations 
of  purgatives  each  of  which  operates  in  a 
different  way  are  more  effective  than  single 
drugs,  while  in  the  same  manner  chloral  and 
opium  together  act  as  a  hypnotic  with  less 
disturbance  to  other  functions  than  is  produced 
by  a  sufficient  dose  of  either  given  separately. 
Again,  a  cough  mixture  may  contain  morphia 
to  allay  the  cough,  and  ipecacuanha  to  facilitate 
expectoration,  while  combinations  containing 
ferrous  sulphate  and  an  alkaline  carbonate  form 
a  new  remedy — ferrous  carbonate. 

There  is  no  doubt  that  skill  in  the  art  of 
writing  prescriptions  is  cultivated  to  a  less 
extent  now  than  in  a  former  generation  :  for 
this  there  are  several  reasons.  A  more  scientific 
therapeutics  has  led  to  the  use  of  simpler 
formulse,  and  prescriptions  containing  only  one 
or  two  drugs  are  much  more  common  than  in 
the  past.  Polypharmacy  has  declined,  and  with 
it  some  of  the  rather  mystical  importance  at- 
tached to  an  "  elegant  "  prescription.  At  the 
same  time,  the  constant  influx  of  new  synthetic 
remedies,  and  the  exploiting  of  what  should  be 
the  domain  of  the  physician  by  the  manufactui'- 
ing  chemist  in  the  production  of  combinations 
of  drugs  in  forms  more  attractive  and  convenient 
than  the  six-ounce  mixture,  have  still  further 
contributed  to  inducing  practitioners  to  order 
quasi-proprietary  remedies  (and  excellent  many 
of  these  preparations  are)  in  preference  to  think- 
ing out  an  appropriate  prescription  for  the  case 
in  hand. 

No  one  will  deny  that  the  modern  pharmacy 
is  a  great  advance  upon  the  old,  and  instead  of 
railing  at  the  general  use  of  drugs  in  tablet 
and  other  forms  by  the  public,  the  duty  of  the 
medical  man  is  to  correct  his  own  ways,  and 
to  adapt  to  his  own  prescriptions  the  newer 


methods  of  the  pharmacist,  as  a  very  little 
forethought  will  enable  him  to  do. 

Weights  and  Measures. — The  weights  and 
measures  in  common  use  in  this  countiy  for 
prescriptions  are  the  grain  (gr.),  the  drachm 
(5j  =  60  grs.),  and  the  ounce  (|j  =  8  drs.).  The 
scruple  (5j  =  20  grs.)  is  practically  obsolete. 
For  fluid  measure  we  have  the  minim  (iTlj), 
the  fluid  drachm  (fl.  53  =  60  min.),  and  the  fluid 
ounce  (fl.  sj  =  8  drs).  These  are  troy  or  apothe- 
caries' weight ;  in  the  Pharmacopoeia  only  the 
avoirdupois  weight  is  recognised,  which  differs 
from  the  preceding  in  having  437i  grs.  to  the 
ounce,  and  16  ozs.  to  the  pound,  instead  of  480 
grs.  and  12  ozs.  respectively.  In  prescribing, 
however,  the  apothecaries'  or  troy  system  is 
used.  Advisable  though  the  decimal  system 
may  be  for  other  purposes,  it  has  not  as  yet, 
in  this  covmtry,  made  much  headway  as  a  means 
of  writing  pi-escriptions.  One  practical  draw- 
back to  its  use  is  that,  while  to  reap  the  full 
advantage  of  a  decimal  prescription  the  mixture 
must  be  made  up  in  ten  or  a  multiple  of  ten 
doses,  yet  since  we  order  the  doses  to  be  taken 
at  stated  intervals  of  time,  which  is  reckoned 
on  a  duodecimal  system,  it  is  generally  more 
convenient  to  give  three,  four,  six,  or  twelve 
doses,  to  be  taken  at  corresponding  hourly 
intervals,  than  to  give  five  or  ten.  On  the 
other  hand,  it  is  very  often  convenient  to  order 
drugs  for  external  application  as  percentages, 
in  which  case  we  may  either  adopt  the  metric 
system  of  weights,  or  presci-ibe  so  many  parts 
per  cent  of  each  ingredient,  and  direct  the 
dispenser  to  dispense  an  ounce  or  more  of  the 
combination.  Tables  for  the  conversion  of  the 
decimal  to  other  systems,  and  vice  versa,  are  so 
readily  accessible  that  it  is  unnecessary  to  give 
them  here.  It  should,  however,  be  remembered 
that  a  gramme  is  just  about  equal  to  15  grains 
(15'432)  and  a  cubic  centimetre  to  17  minims 
(16 -9),  while  a  milligramme  equals  -^^  grain  and 
a  centigramme  about  ^  grain. 

As  domestic  measures  the  tablespoon,  dessert- 
spoon, and  teaspoon  are  commonly  treated  as 
the  equivalents  of  half  an  ounce,  two  drachms, 
and  one  drachm  respectively.  The  use  of  a  cor- 
rectly graduated  measuring  glass  is,  however,  ad- 
visable. An  ordinary  tablespoon  contains  about 
six  drachms,  a  dessertspoon  three  di-achms,  and 
a  teaspoon  one  and  a  half  drachms ;  an  after- 
noon teaspoon  holds  somewhat  less  than  a 
drachm.  A  liqueur  glass  holds  practically  an 
ounce,  and  a  sherry  glass  about  two  ounces  and 
a  half.  These  measures  are  fairly  constant. 
The  size  of  a  drop  varies  greatly  according  to 
the  viscosity  of  the  fluid  ;  it  is  a  very  rough 
measure  of  a  minim.  Thus  while  water  gives 
50  or  60  drops  to  the  drachm,  alcohol,  tinc- 
tures, and  fluid  extracts  give  about  140,  and 
chloroform  gives  250.  It  may  at  least  be  said, 
therefore,  that  when  drops  are  counted  as  minims 
there  will  be  no  likelihood  of  overdosage. 
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Types  op  Prescriptions. — The  technique  of 
prescription  writing  may  best  be  iUustrated  by 
taking  a  typical  example,  such  as  the  well- 
known  cough  mixture  of  the  Brompton  Hospital. 
In  its  unabbreviated  form  it  runs : — 

Superscription  Recipe. 

Inscription    .    Liquoris  Morphinre      drachmas  duas 
Hydrochloridi  {Basis). 
Acidi  Hydrocyanici      drachmam  uriam 

Diluti  {Adjuvant). 
Syrupi  Tohitani  unciam  unam 

{Corrective). 

Iiifusum  Rosfe  Acidiim  ad  uncias  sex 
( Vehicle). 

Subscription  .  Misce. 

Signature. — Signa  (or  Signetur) — One  tablespoonful  to 
be  taken  in  water  every  four  hours. 

Initials  of  Prescriber. 

Patient's  Name  and  Address. 
Date. 

The  above  illustrates  the  classical  com- 
ponent parts  of  a  prescription.  We  have  first  the 
Superscription — Recipe  ;  next,  the  Inscription  or 
body  of  the  prescription,  with  its  Basis  (the 
morphia),  its  Adjuvant  (the  dilute  hydrocyanic 
acid),  its  Corrective  (the  syrup  of  tolu),  and  its 
Vehicle  (the  infusion  of  roses).  Then  comes  the 
Subscription  or  direction  to  the  dispenser — 
Misce ;  and  finally,  the  Signature  or  instruc- 
tions to  the  patient.  The  objects  of  the  four 
ingredients  are  sufficiently  indicated  by  the 
words  basis,  adjuvant,  corrective,  and  vehicle ; 
and  although  not  all  prescriptions  contain  these, 
the  traditional  plan  of  combining  four  sub- 
stances is  still  very  frequently  followed. 

Grammar  of  a  Prescription. — The  Latin  re- 
quired for  a  prescription  is  extremely  simple, 
and  the  tendency  is  more  and  more  to  limit  it. 
The  above  illustrates  some  of  the  chief  points 
to  be  attended  to.  Recipe  is  the  second  person 
singular  of  the  imperative  mood  of  the  verb 
recipAo,  and  means  "take  thou."  The  con- 
traction R  by  which  it  is  replaced  in  everyday 
work  is  the  symbol  of  Jupiter — the  last  relic 
of  the  medifeval  physician-astrologer's  invoca- 
tion of  planetary  help  and  guidance.  The 
names  of  the  first  three  drugs  are  in  the 
genitive — of  the  liquor  of  the  hydrochloride  of 
morphine,  etc. — and  the  quantities  of  each  in 
the  accusative,  after  the  active  transitive  verb 
recipio.  The  vehicle  is  generally  written  in 
the  accusative  and  followed  by  ad  when 
not  an  exact  quantity,  but  only  the  amount 
requisite  to  bring  the  whole  mixture  up  to  a 
given  bulk  is  stated.  The  convenience  of  this 
is  obvious,  since  when  solids  are  ordered  by 
weight  their  bulk  is  not  so  precisely  known  as 
to  make  it  possible  to  say  how  much  fluid  must 
be  added  to  yield  (say)  six  ounces.  All  drugs, 
however,  of  which  the  required  amount  is 
exactly  stated,  should  be  put  in  the  genitive, 
the  word  ad  being  omitted. 

In  the  usual  contracted  form  the  prescription 
would  run  thus  : — 


January  18,  1906. 
R  Liq.  Morph.  hydrochlor.  3ij. 
Acid,  hydrocyan.  dil.  5j. 
Syr.  Tolu.  sj. 
Inf.  Rosfe  acid,  ad  gvi.  M. 

Sig. — One  tablespoonful  in  water  every  four 
hours. 

A.  B. 

Mrs.  Smith, 

10  High  Street. 

The  directions  to  the  patient  are  seldom  now 
written  in  Latin,  but,  as  we  have  said,  the 
custom  of  using  that  language  for  the  body  of 
the  prescription  still  obtains.  This  is  perfectly 
defensible  on  two  grounds :  first,  it  prevents 
the  patient  from  knowing  exactly  what  he  is 
getting — often  a  very  desirable  matter ;  second, 
it  enables  a  pharmacist  unacquainted  with 
English  to  dispense  the  prescription.  It  is 
rarely  necessary  now  to  give  minute  directions 
as  to  pharmaceutical  procedures,  hence  the 
Latin  of  the  subscription  is  greatly  simplified. 
Practically  all  the  phrases  in  common  use  are 
given  in  the  table  on  page  301  (Table  I.). 

The  following  formulse  (which  are  given 
uncontracted)  will  serve  to  exemplify  further 
what  has  been  said,  and  to  indicate  the  most 
common  modes  of  expressing  prescriptions  : — 

Recipe,  Tincturse  digitalis. 

Tincturfe  nucis  vomicae,  ana     drachmam  unam. 
Spiritus  ammoniiB  aromatici     drachmas  sex. 
A<[Ufe        ....      uncias  duas. 
Fiat  Mistura. 

Signa. — A  dessertspoonful  in  water  every  four  hours. 

Recipe,  Santonini  ....      grana  quatuor. 
Hydrargyri  subchloridi      .     grana  sex. 
Misce  et  divide  in  pulveres  quatuor. 
Signa. — One  powder  to  be  taken  at  bed  time. 

Recipe,  Podophylli  resinae      .  Semi  granum. 

Extracti  hyoscyami    .       .      Granum  unum 

cum  semisse. 

Fiat  pilula  secundum  artem.    Mitte  tales  duodecim. 
Signa. — One  to  be  taken  after  dinner. 

In  contracted  form  the  last  would  run : — 

R  Podophyll.  res.    gr.  /s. 

Ext.  hyoscyam.    gr.  i/s. 
F.  pil.  sec.  art.    Mitte  tal.  xii. 
Sig. — One  to  be  taken  after  dinner. 

One  or  two  other  practical  points  call  for 
notice.  Prescriptions  should  be  clear.  This 
is  only  attainable  by  legible  writing  and  the 
avoidance  of  such  ambiguous  contractions  as 
Ac.  hyd.  dil.,  etc.,  which  may  mean  either 
hydrochloric  or  hydrocyanic  acid  ;  Chlor.  hyd., 
which  may  mean  chloral  hydrate,  calomel,  or 
corrosive  sublimate,  and  the  like. 

When  the  physician  does  not  wish  a  pre- 
scription to  be  repeated  without  his  sanction — 
e.g.  in  the  case  of  morphia,  cocaine,  etc. — it  is 
usual  to  add  to  the  subscription  the  words 
Non  rep.,  for  "  non  repetatur."    In  the  case  of 
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poor  persons,  to  whom  the  cost  of  medicine 
may  be  a  serious  consideration,  the  insertion 
of  the  letter  "P"  in  the  subscription  may  be 
used  to  indicate  this ;  most  druggists  dispense 
prescriptions  so  marked  at  the  lowest  possible 
price,  but  it  should  be  remembered  that  this 
is  an  act  of  grace,  and  that  the  courtesy  ought 
never  to  be  abused.  The  name  and  address 
of  the  patient  should  always  be  wi'itten  on 
the  prescription. 

The  directions  to  the  patient  ought  to  be 
written  in  full,  invariably  stating  hovj  (in 
water,  etc.)  and  ivhen  (at  what  intervals,  or  in 

Table  I 


T  'J  fin 

17  Ti  n-l  i  cVi 
Hillgiioil. 

aa 

ana  ..... 

of  each. 

ad        .       .  . 

to,  up  to. 

ante  cib. 

ante  cibos 

before  food. 

Aq. 

Aqua  .... 

water. 

aq.  dest. 

aqua  destillata  . 

distilled  water. 

bis  die  . 

bis  in  die  . 

twice  daily. 

caps. 

capsula  .... 

capsule. 

collyr.  . 

collyrium 

an  eye-wash. 

c.  ... 

cum  ..... 

with. 

div.  in  part.  eeq.  . 

divide  in  partes  eequales  . 

divide  into  equal  parts. 

ft.        .       .  . 

fiat,  fiant  .... 

let  it  (them)  be  made. 

garg.  . 

gargarisma 

a  gargle. 

haust.  . 

haustus  .... 

a  draught. 

M.       .       .  . 

misce  .... 

mix. 

mass.  . 

massa  .... 

a  pill  mass. 

mitte  . 

send. 

mit.  tales 

mitte  tales 

send  of  such. 

non  rep. 

non  repetatur  . 

not  to  be  repeated. 

pt.  seq. 

partes  tequales  . 

equal  parts. 

post  cib. 

post  cibos 

after  food. 

p.  r.  n. 

pro  re  nata 

as  needed. 

q.  s.  . 

quantum  sufficit 

as  much  as  is  sufficient. 

rep. 

repete  .... 

repeat. 

sec.  art. 

secundum  artem 

according  to  art. 

senii-(gran. ) 

semi-{granum)  . 

half-(a-grain). 

/s. 

(granum  unum  cum)  semisse 

(one  grain  and)  a  half. 

Sig.     .       .  . 

Signa,  Signetur 

write,  let  it  be  marked. 

S.        .       .  . 

solve  .... 

dissolve. 

t.  i.  d.  . 

ter  in  die  .... 

thrice  daily. 

what  relation  to  food)  the  doses  are  to  be  taken. 
The  hasty  "as  directed"  is  too  often  a  cloak 
for  negligence,  and  when  it  is  used  the  pre- 
scriber  ought  to  be  sure  that  the  patient  really 
has  received  such  instructions  as  may  enable 
him  to  use  the  medicine  as  was  intended.  Still, 
when  ordering  remedies  for  use  in  menstrual 
disorders,  urethral  discharges,  etc.,  it  is  obvi- 
ously undesirable  to  write  explicit  directions 
on  the  prescription:  here,  "as  directed"  finds 
a  proper  sphere. 

In  ordering  a  medicine  it  is  usual  to  state 
whether  it  is  to  be  taken  before  or  after  food, 
and  in  doing  so  we  are  guided  by  the  effect 
which  we  wish  to  produce.  If  a  local  effect 
on  the  stomach  is  desired,  or  if  we  wish  the 
drug  to  act  rapidly,  it  should  be  given  on  an 
empty  stomach.     On  the  other  hand,  drugs 


which  are  in  any  way  likely  to  irritate  the 
stomach  or  disturb  digestion  should  be  given 
after  a  meal,  so  that  they  may  be  diluted  by 
the  gastric  contents.  In  the  case  of  drugs 
given  for  the  express  purpose  of  influencing 
digestion,  the  time  at  which  they  are  taken 
depends  on  the  circumstances  of  each  case. 
Thus  alkalis  given  to  correct  acidity  are  ad- 
ministered at  a  short  interval  after  a  meal ; 
hydrochloric  acid,  to  remedy  defective  gastric 
secretion,  during  meals ;  saline  aperients,  again, 
should  be  taken  in  the  morning,  while  fasting. 
Drugs  given  in  small  bulk  and  soluble  form 
are  more  rapidly  absorbed 
than  when  insoluble  or  much 
diluted. 

Dosage. — The  two  principal 
factors  influencing  dosage  are 
the  Age,  or  size,  of  the  patient, 
and  Susceptibility. 

Age. — Strictly  speaking,  it 
is  the  bulk  of  the  patient, 
rather  than  his  age,  which 
should  affect  the  dose  ;  but  in 
practice  not  much  account  is 
usually  taken  of  this,  further 
than  that  on  the  whole  a 
somewhat  smaller  dose  of  a 
drug  is  generally  given  to  a 
woman  than  to  a  man.  In 
the  case  of  children  the  usual 
custom  is  to  give  a  fraction 
of  the  adult  dose  equal  to 

— ^p^,  where  a;  =  age.  Thus 

if  a  drachm  be  the  adult  dose 
of  a  remedy,  to  a  child  of 

_^ 

4  +  r2' 

or  one  fourth  of  a  drachm- 
Other  methods  of  reckoning 
the  dosage  for  children  have 
been  suggested,  but  the  above, 
which  is  applicable  to  most 
drugs  (the  chief  exceptions  are  noted  below),  is 
as  simple  and  satisfactory  as  any.  In  old  age 
smaller  quantities  of  most  drugs  (except 
aperients)  are  required  than  in  the  young 
adult,  but  no  definite  i-ules  can  be  laid  down. 

Susceptibility. — This  is  influenced  chiefly  by 
age,  sex,  certain  physiological  conditions,  and 
personal  idiosyncrasy. 

Age.  —  Children,  as  is  well  known,  are 
peculiarly  intolerant  of  certain  remedies,  yet 
bear  relatively  large  doses  of  others.  In  the 
former  category  the  chief  place  must  be  given 
to  opium,  which  ought  to  be  administered  to 
infants  and  young  children  with  great  caution. 
At  one  year  ^  to  1  minim  of  laudanum  is  an 
average  dose ;  compound  tincture  of  camphor 
may  be  given  during  the  first  year  to  the 
extent  of  one  minim  for  each  month,  while  at 


four  we  should  oi'der 
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one  month  about  ttV  minim  of  laudanum  may 
be  administered.  Digitalis,  quinine,  alcohol, 
strychnine,  and  mercury  are  well  borne  by 
children ;  while  purgatives,  chloral,  antipyrin, 
arsenic,  and  belladonna  are  tolerated  in  doses 
relatively  much  larger  than  by  adults.  In  the 
aged,  who  so  often  suffer  fi-om  bronchial  catarrh, 
thickened  vessels,  and  inadequate  kidneys, 
opium  must  be  employed  with  caution.  Tonics 
are  seldom  well  borne,  in  particular  those  con- 
taining strychnine.  This  drug  should  indeed 
be  given  in  very  small  doses  to  old  people, 
whether  as  a  stimulant  in  acute  illness,  or 
as  a  tonic  in  debility. 

Idiosyncrasy. — The  chief  di'ugs  towai'ds  which 
patients  may  be  expected  to  show  personal 
idiosyncrasy  are  antipyrin  and  antifebrin, 
quinine,  bromides  and  iodides,  cocaine,  bella- 
donna, arsenic,  iron,  and  copaiva. 

Such  physiological  states  as  pregnancy  and 
lactation  are  reputed  to  be  influenced  by  certain 
drugs,  hence  care  should  be  taken  in  prescrib- 
ing during  those  periods.  In  pregnancy,  drugs 
such  as  ergot,  quinine,  drastic  purgatives,  and 
lead  ought  to  be  given  cautiously  for  fear  of 
producing  abortion,  while  during  lactation 
saline  aperients  and  belladonna,  which  may 
interfere  with  the  secretion  of  milk,  ought  to 
be  avoided.  Certain  drugs,  too,  are  excreted 
by  the  mammary  glands,  and  may  thus  affect 
the  infant.  The  importance  of  this  has  probably 
been  greatly  overrated.  Thiemich  {Monatschrift 
f.  Geburtshiilfe  u.  Gynaecologie,  1899,  Bd.  x.),  in 
a  critical  review  of  the  whole  subject,  shows 
that  the  only  drugs  which  assuredly  pass  over 
in  the  milk  are  salicylates  and  iodides.  In  one 
instance  it  seemed  as  though  mercury  also  did 
so.  Briensa  {Ztsch.  f.  Exp.  Path,  und  Therapie, 
1907,  Bd.  iv.  Hft.  2),  after  administering 
medicinal  doses  of  a  large  number  of  drugs  to 
nursing  women,  could  detect  only  iodides, 
bromides,  iron,  arsenic,  aceto-salicylic  acid, 
and  calomel  (as  mercury)  in  the  milk.  Experi- 
mentally, traces  of  opium,  atropine,  and  (when 
given  in  toxic  doses)  alcohol  have  been  detected 
in  the  milk,  but  so  far  as  the  therapeutic 
administration  of  drugs  to  nursing  women  is 
concerned  the  only  ones  in  which  this  question 
need  be  considered  are  salicylates  and  iodides, 
rhubarb  and  senna,  which  may  cause  catharsis 
in  the  infant,  and  thyroid  extract,  which  has 
produced  symptoms  of  thyroidism  in  the  breast- 
fed infants  of  mothers  taking  the  drug. 

Toleration. — After  long-continued  adminis- 
tration, particularly  in  the  case  of  opium  and 
hypnotics,  the  effects  of  a  drug  become  less 
evident,  and  the  dose  may  have  to  be  increased. 

Cumulative  Action. — The  duration  of  action 
and  the  rate  of  excretion  influence  the  amount 
of  a  drug  which  can  be  administered  with  safety 
in  a  given  time.  When  the  drug  acts  rapidly 
and  for  a  short  time  only  the  dose  may  be  re- 
peated frequently.    On  the  other  hand,  if,  as  in 


the  case  of  digitalis,  the  action  develops  slowly 
and  is  more  enduring,  it  is  inadvisable  to  repeat 
the  drug  at  too  short  intervals.  When  drugs 
are  excreted  slowly  they  are  apt  to  accumulate 
in  the  body,  and  their  administration  may  have 
to  be  suspended  for  this  reason.  A  knowledge 
of  pharmacology  is  the  only  guide  in  this  matter. 

Correction  of  Flavour,  Colour,  and  Odour 

Palatability. — According  to  Freyberger,  who 
has  specially  studied  the  best  methods  of  cor- 
recting the  tastes  of  nauseous  drugs  in  view  of 
the  necessities  of  prescribing  for  children,  the 
most  powerful  flavouring  agents  seem  to  be 
those  derived  from  oranges,  ginger,  peppermint, 
cinnamon,  liquorice,  and  tolu.  Perhaps  the 
most  generally  useful  are  fluid  extract  of 
liquorice,  syrup  of  oranges,  and  compound 
tincture  of  cardamoms.  Children,  as  a  rule, 
dislike  peppermint,  which,  like  ginger,  is  gener- 
ally palatable  to  old  people.  At  times,  where 
the  administration  of  alcohol  is  desired,  or  at 
least  not  disadvantageous,  a  liqueur  of  pro- 
nounced flavour,  such  as  chartreuse  or  cura^oa, 
may  render  a  mixture  pleasant.  Drugs  which 
are  extremely  nauseous  are  best  administered 
in  capsules  or  cachets.  Thus  it  is  almost  im- 
possible to  conceal  the  taste  of  paraldehyde  or 
viburnum,  though  the  former  is  to  some  extent 
masked  by  almond  mixture. 

The  following  may  be  useful  for  reference  : — 

Ammonium  carbonate,  atropine,  belladonna, 
calumba,  cinchona,  bitters  in  general,  chloral, 
codeine,  digitalis,  strophanthus,  the  scale  pre- 
parations of  iron,  guaiacum,  hamamelis,  mor- 
phine, quinine,  strychnine,  antipyrin,  salicylates, 
salicin,  bromides,  bicarbonates,  liquor  trinitrini, 
nux  vomica,  and  dilute  acids  are  most  effectually 
concealed  by  Syrup  of  Oranges. 

Aloes,  ammonium  chloride,  benzoin,  cascara, 
and  strychnine  are  masked  by  Fluid  Extract  of 
Liquorice. 

Atropine,  ergot,  Epsom  salts,  laudanum,  male 
fern,  rhubarb,  senna,  strychnine,  sulphuric  acid, 
tannic  acid,  and  terebene  may  be  rendered  more 
palatable  by  Syrup  of  Ginger. 

Antipyrin,  bicarbonates,  boric  acid,  diui'etin, 
iodides,  and  the  liquor  hydrargyri  perchloridi 
may  be  concealed  by  Peppermint  Water. 

Bicarbonates,  camplior,  catechu,  codeine,  kino, 
and  male  fern  may  be  disguised  by  Cinnamon 
Water. 

The  following  are  also  fairly  palatable  com- 
binations : — Ammonium  bromide  with  syrup  of 
oranges  and  chloroform  water.  Ammonium 
carbonate  or  benzoic  acid  with  syrup  of  tolu. 
Ichthyol  with  oleum  citronellaj.  Butyl  chloral 
hydrate  with  glycerine  and  compound  tincture 
of  cardamoms.  Chloral  with  syrup  of  virginian 
prunes  and  cinnamon  water.  Copaiva  with 
mistura  amygdalae.  Astringent  iron  prepara- 
tions with  glycerine.     Sulphate  of  iron  with 
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■dilute  sulphuric  acid  and  syrup  of  ginger. 
Tincture  of  belladonna  or  hyoscyamus,  or 
•chlorate  of  potash,  with  syrupus  mori.  Menthol 
and  sugar.  Cod-liver  oil  with  essence  of  almonds 
and  lemon.  Ammoniated  tincture  of  opium 
with  aniseed  water.  Phosphoric  acid  or  acetate 
of  potash  with  syrupus  rubi  idjei.  Castor  oil 
or  salicylic  acid  or  dilute  sulphuric  acid  with 
syrup  of  ginger  and  cinnamon  water.  Senega 
with  syrup  of  oranges  and  chloroform  water. 
Spiritus  fEtheris  compositus  or  spiritus  fetheris 
nitrosi  with  aqua  carui  or  aqua  camphorje. 

Colouring  Agents. —  It  is  seldom  necessary  to 
add  anything  to  give  colour  to  a  mixture,  but 
sometimes,  as  in  the  case  of  apomorphine, 
which  may  yield  a  green  solution  unless  a  few 
drops  of  hydrochloric  acid  be  added,  the  colour 
may  with  advantage  be  modified  by  the  addition 
of  liquorice  or  acid  infusion  of  roses.  Unex- 
pected colour  reactions  are  not  infrequent  in 
mixtures  containing  such  coal-tar  derivatives  as 
antipyrin  and  antifebrin,  hence  it  is  generally 
advisable  to  give  these  in  as  simple  a  form  as 
possible. 

Odour.  —  It  is  comparatively  rare  for  the 
odour  of  a  drug  to  be  so  objectionable  as  to 
require  concealment.  The  singularly  clinging 
smell  of  iodoform  may  be  disguised  by  Tonga 
bean  or  its  active  principle  coumarin  ;  one  grain 
of  the  latter  may  be  added  to  50  grains  of 
iodoform.  Fhiid  extract  of  viburnum  ought 
never  to  be  prescribed  as  such,  on  account  of 
its  offensive  smell,  which  suggests  defective 
sanitation.  It  is  most  frequently  given  in 
capsule,  or  in  the  form  of  the  proprietary 
remedy  known  as  liquor  sedans. 

Incompatibility. —  Incompatibility  may  be 
pharmaceutical,  pharmacological,  or  chemical : 
of  these,  the  last  is  by  far  the  most  important. 
In  prescribing  new  and  unfamiliar  drugs  it  is 
extremely  easy  to  write  an  incompatible  pre- 
scription, and  in  many  cases  no  blame  can  be 
attached  to  the  prescriber  for  doing  so.  As  a 
general  rule,  such  errors  are  detected  by  the 
dispenser  in  making  up  the  prescription,  where- 


incompatible  combination  of  drugs  to  do  harm  ; 
more  frequently  the  mixture  is  inert  from  the 
formation  of  insoluble  bodies,  or  else  is  in  such 
a  form  as  to  be  difficult  to  administer.  Practi- 
cally, the  chief  dangerous  incompatibilities  are 
those  in  which  alkaloids  are  precipitated,  and 
therefore  cease  to  be  evenly  distributed  through- 
out the  mixture,  and  those  in  which  cyanides  may 
be  formed.  Among  minor  chemical  incompati- 
bilities, changes  of  colour  may  be  mentioned,  as, 
for  example,  when  borax  is  combined  with  acid 
infusion  of  roses,  giving  a  bright  green  colour. 

Incompatibility  is  best  avoided  by  simplicity 
in  prescribing,  particularly  in  the  choice  of  the 
solvent  or  excipient ;  both  alcohol  and  water 
lose  their  solvent  power  for  the  particular 
substances  each  dissolves,  in  proportion  to  the 
amount  of  the  other  present.  Obviously,  a 
drug  should  never  be  prescribed  with  its  test  or 
antidote. 

Pharmaceutical  Incompatibility. — Water  is  a 
solvent  for  albuminous,  mucilaginous,  gelatin- 
ous, and  saccharine  bodies  generally,  and  for 
most  inorganic  salts.  Its  power  of  dissolving 
these  is  diminished  by  the  presence  of  alcohol. 
Alcohol  is  a  solvent  for  oils,  resins,  gum-resins, 
and  balsams,  and  its  power  of  dissolving  these 
is  diminished  by  the  presence  of  water.  Essen- 
tial oils  cannot  be  dispensed  with  water  in  the 
proportion  of  more  than  one  minim  to  the  fluid 
ounce.  Fixed  oils,  oleo-gum-resins  such  as 
copaiva,  and  alcoholic  extracts  of  resinous  bodies 
can  be  combined  with  water  only  by  the  addition 
of  an  excipient  to  suspend  them.  Alcoholic 
tinctures  of  diverse  strengths  should  not  be 
mixed,  and  strong  tinctures  do  not  combine  well 
with  water.  The  aqute  of  the  pharmacopoeia 
are  already  saturated.  Compound  infusion  of 
gentian  is  incompatible  with  infusion  of  cin- 
chona. Acids  should  not  be  prescribed  with 
liquorice,  as  the  glycyrrhizin  is  precipitated. 
Water  decomposes  the  glycerine  of  boracic  acid. 
Salts  of  alkaloids  should  not,  as  a  rule,  be  pre- 
scribed with  oils  or  fats ;  the  alkaloidal  base 
itself  should  be  used. 


Table  II 


Incompatible  with 

Watery  infusions 
and  decoctions. 

Resinous  tinctures 
and  fluid  extracts. 

Chloroform. 

Volatile  and  fixed 
oils  and  balsams. 

Mucilage. 

Tannic  acid. 

Solutions  of  lead 
and  iron. 

Spirit    of  nitrous 
ether. 

Alcohol,  glucosides, 
oxalates,  carbonates. 

upon  it  is  customary  for  him,  unless,  as  is  often 
the  case,  he  can  by  skilful  compounding  get 
over  the  difficulty,  to  communicate  with  the 
physician  in  order  that  the  mistake  may  be 
rectified.    It  is  also  comparatively  rare  for  an 


Pharmacological  Incompatibility. — It  is  un- 
necessary to  say  much  on  this  head.  It  is 
apparent  that  to  prescribe  two  active  drugs 
which  neutralise  each  other  may  defeat  the  aim 
of  the  physician,  and  to  avoid  this  a  knowledge 
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Glucosides 

Decomposed 
by  codeine 

Glucosides 

Morphine 
salts 

Mucilage 

Oxidising 
agents 

Tinctures, 
except  ill 
small 
amount 

Lime  water 

Mucilage 

Antipyrin 

Chloral  (  = 
evolution 

of  CHCI3) 

Antipyrin 

Antipyrin 

Albumin 

Albumin 

Tincture  of 
guaiacuin 

Aqualaura- 
cerasi 

Syrup  of 
squills 

Syrup, 
ferri 

phosphatis 

Syrup, 
ferri  pyro- 
phosphatis 

Tincture  of 
guaiacum 

Acetates 

Weak  salts 

A.rsenites 

Bromides, 
borax 

Acetates 

Borax 

Bromides 

Relatively 
weak  or 
volatile 
salts 

Salicylates 

Iodides. 

Potassium 
iodide 

Metallic 
salts. 

Most  metallic 
salts  and 
oxides 

Bismuth  sub- 
nitrate  and 
metallic 
salts 

Mercurial 
and  other 
metallic 
salts 

Lead  sub- 
acetate 

Metallic  ox- 
ides, hy- 
drates, and 
carbonates 

Many  metal- 
lic salts 

Many  metal- 
lic salts 

Sulphate  of 
iron 

Spiritus 
aetheris 
nitrosi. 

Acids. 

Concentrated 
mineral 

Acids 

(except  HCN) 

Boric  and 
phosphoric 
acids 

Alkaloids 
and  their 
salts. 

(not  gallic) 

(except 
codeine) 

Alkalis. 

Alkaline 
carbonates 

Alkalis 

Tannic 
and 
gallic 
acids. 

The  drugs  in  this  vertical  column  are  j 
incompatible  with    .      .      .      .  j 

Tannic  and  gallic  acid 

Alkalis  

Carbonates  and  carltonic  acid  . 

Lime  water  .... 

Alkaloids  ..... 

Quinine  salts  .... 

Morphine  salts 

Strychnine  salts 

Free  acids  and  acid  salts 

Dilute  hydrocyanic  acid 

Phosphoric  acid 

Spiritus  setheris  nitrosi  . 
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Soap 

Undistilled 
water 

Lime  water 

Starch 

Lime  water 

Oxidising 
agents 

Oxidising 
agents 

Antipyrin 

Antipyrin 

Paralde- 
hyde 

hi  m 

<!  13 

Alcohol  (  = 
alcoholate) 

Chloral 

Albumin 

Mercuric 
chloride 

Cinchona 



Arsenites, 
phosphates, 
sulphides, 
borax 

Arsenites 

Arsenites  and 
chlorides 

Hypophos- 
phites  in 
acid  mix- 
tures 

Chlorates  (  = 
poisonous 
iodates) 

Tartrates, 
and  alkaline 
phosphates 

Benzoates 

Lead  and  iron 
salts 

Many  metal- 
lic salts 

Lead  salts 

Many  metal- 
lic salts 

Iron  salts 
and  lead 
acetate 

Lead  andiron 
salts,  calo- 
mel, arsenic 

Metallic  salts 

Iron,  lead, 
etc. 

Hydrocyanic 
acid  (  =  bi- 
cyanide  of 
mercury) 

Except  acetic 
and  nitric 
acid 

Acids 

Dilute  hydro- 
cyanic acid 

Mineral  and 
boric,  phos- 
phoric, and 
hydrocyanic 
acids 

Mineral  and 
acetic  acids 

Mineral  acids 

Morphine 
salts 

Alkalis  and 

alkaline 
carbonates 

Sodium 
hydrate 
and 
bicarbonate 

Alkalis, 
except 
carbonates 

Mercuric  chloride  .... 

Calomel  .... 

Silver  nitrate  .... 

Arsenites  (Fowler's  solution)  . 

Iodine  and  iodides 

Salicylates  ..... 

Digitalis  

Chloral  

Alkali  phosphates  ... 

Guaiacum  ..... 

Creosote  ..... 

VOL.  VIII  20 
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of  pharmacology  is  the  only  guide.  In  many 
cases,  however,  drugs  which  are  in  some  respects 
physiologically  antagonistic  are  prescribed  to- 
gether with  a  definite  object,  as  for  example 
bismuth  and  rhubarb,  when  the  latter  is  in- 
tended to  prevent  the  constipating  effect  of  the 
former,  and  digitalis  and  iodide  of  potash,  in 
which  the  salt  is  believed  to  antagonise  the 
action  of  the  digitalis  on  the  vessels. 

Chemical  Incompatibility. — To  avoid  this  a 
knowledge  of  elementary  chemistry  is  required. 
The  more  common  instances  of  chemical  in- 
compatibility are  given  in  Table  III.  In 
addition,  the  following  points  should  be  noted. 

(1)  Any  combination  must  be  avoided  which 
will  yield  the  following  insoluble  salts : — 
Hydrates,  phosphates,  borates,  carbonates, 
tannates,  and  arsenates  of  the  earthy  or  heavy 
metals,  or  alkaloids ;  sulphides  of  the  metals ; 
sulphates  of  calcium  and  lead ;  mercurous 
salts ;  haloid  salts  of  bismuth,  silver,  or  lead. 

(2)  Powerful  oxidising  agents  ought  not  to 
be  combined  with  substances  which  are  readily 
reduced  ;  admixtures  of  such  bodies  in  the  dry 
state  may  cause  an  explosion.  The  following 
are  the  chief  oxidising  and  oxidisable  substances 
employed  in  pharmacy  : — Oxidisers — Chlorine  ; 
strong  hydrochloric,  nitric,  and  nitro-muriatic 
acids ;  chlorates,  hypochlorites,  permanganates, 
nitrates,  bromine,  iodine,  bromates,  iodates, 
oxide  of  silver,  peroxides.  Oxidisable — Phos- 
phates, hypophosphites,  sulphur,  sulphides, 
glycerine,  sugar,  alcohol,  oil,  ether,  creosote, 
charcoal,  tannin,  arsenious  acid,  cyanides,  fer- 
rous and  mercurous  salts. 

(3)  Explosions  from  the  evolution  of  car- 
bonic acid  are  liable  to  occur  when  carbonates 
are  dispensed  with  acid  salts  or  acids  in  tightly 
corked  bottles.  This  is  most  likely  to  take 
place  by  inadvertently  dispensing  one  of  the 
salts  mentioned  under  (5),  or  the  syrup  of 
squill,  with  an  alkaline  carbonate. 

(4)  Weak  acids  or  bases  are  decomposed  by 
stronger  ones,  so  that  salts  in  solution  exchange 
their  radicles,  especially  if  by  doing  so  an  in- 
soluble compound  can  be  formed. 

(5)  The  following  salts  are  acid  in  reaction  : — 
Alum,  bismuth  subnitrate,  ferric  chloride,  citrate 
of  quinine  and  iron,  ferrous  sulphate,  lead  acetate 
and  nitrate,  quinine  bisulphate,  zinc  sulphate. 

(6)  Alkaloids  are  precipitated  by  alkalis. 
Iodides,  particularly  double  iodides  {e.g. 
potassio-mercuric  iodide),  bromides,  tannic  acid, 
benzoates,  and  salicylates  are  likely  to  produce 
insoluble  salts  of  most  alkaloids.  The  precipi- 
tate is  soluble  in  alcohol.  Caffeine  is  not  pre- 
cipitated by  iodides.  Acetate  of  quinine  is 
almost  insoluble. 

Methods  op  Administering  Drugs 
I.  By  the  Mouth 
(1)  Mixtures.— -In  mixtures  the  drugs  are 
dissolved  or  suspended  in  a  suitable  menstruum. 


usually  water  or  alcohol.  A  general  acquaint- 
ance with  the  solubility  of  the  various  drugs  is 
presupposed  ;  for  additional  information  a  table 
of  solubility  must  be  consulted.  It  is  usual  to 
prescribe  mixtures  containing  12  or  16  doses  of 
half  an  ounce  or  two  drachms  respectively ; 
though  convention  favours  the  six-ounce  mixture, 
it  will,  as  a  rule,  be  found  more  convenient  to 
prescribe  four  ounces  of  the  smaller  dose. 

When  the  mixture  contains  insoluble  sub- 
stances some  excipient  should  be  added  to 
suspend  them.  The  best  of  these  are  glycerine, 
syrup,  and  gum-tragacanth,  which  is  preferable 
to  acacia  for  suspending  bismuth.  One  ounce 
of  glycerine  may  be  added  to  a  six-ounce 
mixture ;  of  tragacanth  powder,  1  ^  to  2  grains 
to  the  ounce  is  enough.  It  is  not  generally 
known  that  the  addition  of  a  few  grains  of 
powdered  chalk  increases  the  amount  of 
bismuth  which  can  be  suspended  in  a  given 
bulk  of  fluid.  It  is  thus  possible  to  give  7|- 
grains  of  bismuth  in  a  drachm — an  advantage 
in  prescribing  for  children. 

(2)  Emulsions. — These  are  mechanical  suspen- 
sions of  oils  or  resins  in  a  state  of  fine  division, 
giving  fluids  of  the  appearance  and  consistency 
of  cream.  The  excipients  most  commonly 
employed  are  mucilage,  yolk  of  egg,  almond 
mixture,  and  alkalis.  The  last,  however,  as 
they  act  by  saponifying  part  of  the  fat,  should 
as  far  as  possible  be  avoided.  Tincture  of 
quillaiae  is  a  suitable  excipient  for  paraldehyde 
and  many  oils ;  for  cod-liver  oil,  yolk  of  egg  is 
the  best,  but  as  the  making  of  a  good  emulsion 
is  a  matter  requiring  considerable  skill,  it  may 
to  a  large  extent  be  left  to  the  pharmacist. 
Moreover,  many  of  the  drugs  which  are  given 
in  this  form  may  equally  well  be  dispensed  in 
capsule.  Acids,  metallic  salts,  and  large 
quantities  of  alcohol  are  inimical  to  the  process 
of  emulsification. 

(3)  Pills. — Drugs  which  are  nauseous,  or 
insoluble,  such  as  extracts  or  resins,  may  be 
ordered  as  pills,  but  this  mode  of  exhibition  is 
unsuitable  for  bulky  substances  and  efflorescent 
or  deliquescent  salts.  Thus  administered,  drugs 
act  slowly,  often  only  after  passing  out  of  the 
stomach.  In  prescribing  pills  it  is  perfectly 
legitimate  to  leave  to  the  compounder  the  choice 
of  the  excipient — far  better  to  do  so  than  to  order 
an  unsuitable  one.  Nevertheless,  the  following 
hints  may  be  of  service  to  those  who  prefer  to 
give  the  directions  themselves. 

Confection  of  roses  is  adapted  for  dry,  heavy 
powders,  and  generally  when  a  somewhat  pasty 
excipient  is  wished.  Glycerine  of  tragacanth 
and  syrup  of  glucose  are  very  widely  useful ; 
so  also  are  vegetable  extracts.  Liquorice  powder, 
or  liquorice  and  compound  tragacanth  powder, 
are  suitable  when  moisture  is  required  to  be 
absorbed.  Soap,  or  soap  with  magnesia,  forms  a 
good  pill  mass  with  many  essential  oils. 
Resinous   extracts,   gum-resins,  etc.,  may  be 
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formed  into  pills  with  the  addition  of  a  little 
alcohol.  Creosote  may  be  made  into  a  pill  with 
breadcrumb,  and  potassium  permanganate  or 
nitrate  of  silver  with  kaolin. 

After  being  prepared,  pills  are  coated  in 
various  ways,  but  this  is  purely  a  pharmaceutical 
matter.  When  it  is  desired  that  the  drug  shall 
act  only  in  the  intestine  the  pill  should  be 
coated  with  salol  or  keratin. 

(4)  Powders. — Insoluble  substances,  and  those 
which  would  be  incompatible  with  each  other 
in  fluid  form,  may  be  ordered  as  powders.  If 
only  a  very  small  dose  of  a  drug  is  given — e.g. 
\  grain  of  calomel  —  the  powder  should  be 
brought  up  to  a  convenient  bulk  by  adding 
some  inert  substance  such  as  milk  sugar. 
Small  powders  may  be  given  dry  on  the  tongue 
or  in  a  spoonful  of  milk  ;  otherwise  it  is  well 
to  order  them  to  be  dispensed  in  cachets,  which 
have  almost  entirely  superseded  wafer  papers. 

Cachets  consist  of  two  watch-glass  shaped 
pieces  of  wafer  paper,  the  margins  of  which 
cohere  on  being  moistened.  They  are  adapted 
for  insoluble  or  nauseous  powders  which  it  is 
inadvisable  to  dispense  in  fluid  form,  such  as 
quinine,  phenacetin,  salacetic  acid,  salol,  saccha- 
rated  carbonate  of  iron,  etc.  They  should  be 
moistened  before  being  swallowed.  Quantities 
up  to  20  or  even  30  grains  of  powder  can  be 
dispensed  in  a  cachet. 

Tablets. — Many  powders  can  be  conveniently 
prescribed  in  tablets,  and  a  number  of  pharma- 
cists are  now  able  to  dispense  these  according 
to  any  desired  formula.  It  should  be  noted 
that  the  word  "  tabloid  "  is  a  proprietary  trade 
name,  and  if  it  be  used  the  preparations  of  the 
firm  which  invented  it  must  be  supplied.  When 
a  prescription  is  to  be  made  up  in  tablet  form 
the  direction  to  the  dispenser  is  "  Dispense  in 
tablets,"  or  "Fiat  tabella.  Mitte  tales  .  .  ." 
Hygroscopic  or  deliquescent  salts  should  not 
be  prescribed  in  tablets ;  the  average  amount 
which  can  be  conveniently  compounded  thus 
is  from  5  to  10  grains. 

Chocolate,  known  in  pharmacy  as  pasta  theo- 
bromatis,  is,  apart  from  its  flavour,  a  very 
suitable  basis  for  some  tablets.  The  solvent 
action  of  its  fats  renders  it  useful  for  fixing 
nitroglycerine,  menthol,  and  alkaloids,  also  for 
pepsin,  santonin,  bismuth,  and  iron  (Martindale). 

(5)  Capsules. — Gelatine  capsules  are  now 
largely  used  as  a  means  of  concealing  the  taste 
of  unpleasant  drugs.  They  are  made  to  contain 
amounts  up  to  a  drachm,  but  except  for  castor 
oil  such  large  sizes  are  seldom  used.  In  most 
cases  the  dose  is  5,  10,  or  20  minims.  Not 
all  drugs,  however,  can  be  dispensed  in  capsules. 
Thus  any  solid  which  is  at  all  hygroscopic  will 
absorb  water  from  and  burst  the  gelatine  cover- 
ing it.  Again,  watery  fluids  cannot  be  retained 
in  a  capsule.  When,  as  is  often  the  case,  such 
nauseous  preparations  as  watery  solutions  con- 
taining viburnum  are  ordered  in  this  form,  the 


pharmacist  has  to  evaporate  the  mixture  before 
filling  the  capsule.  This  necessitates  loss, 
and  enhances  the  cost  considerably.  On  the 
other  hand,  all  forms  of  oil,  and  drugs  insoluble 
in  water  may  appropriately  be  prescribed  in 
capsule. 

(6)  Granula?-  Effervescent  Preparations.  — 
Several  of  these  are  official,  but  there  are  in 
addition  a  number  of  salts  which  may  be  pre- 
scribed in  this  form.  Some  of  these  are — 
antipyrin,  Carlsbad  salts,  the  citrates  of  caffeine, 
iron,  lithium,  magnesium,  and  others ;  the  sali- 
cylates of  lithium  and  sodium,  salicylic  acid, 
etc.    The  dose  of  all  is  about  a  drachm. 

(7)  Confections. — The  use  of  confections  is 
somewhat  limited,  but  they  should  not  be 
forgotten  in  prescribing  for  children.  Aperients 
such  as  manna  and  sulphur,  hsematinics  such  as 
reduced  iron,  and  other  drugs  in  which  a 
certain  laxity  of  dosage  is  permissible,  may  be 
given  with  confection  of  roses  or  honey. 

II.  By  Mucous  Membranes  in  General 
A.  Throat  and  Respiratory  Tract. — (1)  In- 
halations. —  These  are  given  by  adding  the 
desired  quantity — about  half  a  drachm — of  any 
volatile  drug  to  a  jug  of  boiling  water,  and 
telling  the  patient  to  respire  the  vapour. 
Special  inhalers  may  also  be  used.  Among 
the  commoner  drugs  employed  in  this  manner, 
creosote,  carbolic  acid,  terebene,  pine  oil,  iodine, 
and  friars'  balsam  may  be  enumerated.  It  is 
sometimes  {e.g.  in  the  case  of  menthol)  advisable 
to  use  an  alcoholic  solution  of  the  drug  in  this  way. 

(2)  Vapours  constitute  another  means  by 
which  the  same  end  can  be  attained.  A  small 
quantity  of  a  volatile  substance,  such  as  crude 
phenol,  is  placed  in  a  metal  evaporating  dish, 
and  gently  warmed  by  a  spirit-lamp  or  night- 
light.  The  vapour  is  thus  allowed  to  escape 
continuously  into  the  air  of  the  sick-room.  A 
vaporiser  of  this  description  is  chiefly  used  in 
lung  diseases  with  foetid  expectoration,  and  in 
whooping  cough. 

Similar  drugs  may  be  employed  at  ordinary 
temperatures  by  dropping  them  on  a  suitable 
respirator  worn  by  the  patient.  A  method  of 
inhalation  by  compressed  air  has  been  employed 
in  pulmonary  phthisis.  The  patient  sits  in  a 
cabinet  into  which  air  laden  with  the  vapour  of 
creosote  is  pumped  under  pressure. 

Fumigations,  or  inhalations  of  medicated 
smoke,  are  much  used  in  the  treatment  of 
asthma. 

(3)  Gargles  are  watery  solutions  of  drugs 
used  for  the  sake  of  their  local  action  on  the 
throat.  The  average  quantity  employed  on 
each  occasion  is  ^  to  1  ounce.  They  usually 
contain  alkaline,  antiseptic,  or  astringent  drugs, 
or  combinations  of  these.  Rose  water  may  be 
used  as  a  vehicle  to  render  them  more  palatable, 
and  some  glycerine  added  to  increase  their 
viscosity. 
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(4)  Sprays  are  liquid  preparations  which  are 
used  in  an  atomiser  for  application  to  the 
upper  air  passages.  The  vehicles  chosen  are 
usually  distilled  water,  glycerine,  oil,  or  liquid 
paraffin,  while  menthol,  cocaine,  and  carbolic 
acid  are  among  the  most  common  of  the  active 
substances  selected. 

(5)  Insufflations  are  medicated  powders  which 
are  either  snuffed  up  the  nostrils  or  introduced 
into  the  mouth,  nose,  or  larynx  by  means  of  a 
suitable  insufflator. 

(6)  Pigments. — This  name  is  given  to  thick 
liquid  preparations  which  are  brushed  on  the 
throat.  Glycerine  is  the  most  common  vehicle, 
but  oils  and  water  may  also  be  used. 

(6)  Trochisci  and  Pastilles. — A  number  of 
lozenges  are  officinal ;  should  it  be  desired  to 
prescribe  a  drug  not  included  in  these  in  this 
particular  form,  it  is  sufficient  to  indicate  the 
quantities,  and  write  the  direction  '■'■Ft.  Tro- 
chiscus."  Lozenges  are  of  a  hard  consistence  and 
dissolve  slowly  in  the  mouth.  When  a  softer 
form  is  desired,  the  quantity  of  fruit  paste  may 
be  increased,  or  a  pastille  may  be  ordered.  The 
basis  of  pastilles  is  a  flavoured  glycerine-jelly 
(glyco-gelatin).  It  will,  however,  be  found  that 
the  taste  of  alkaloids  and  bitter  drugs  is  scarcely 
concealed  by  this  basis,  though  menthol  may  be 
made  palatable  in  this  form.  Glyco-gelatin  is 
incompatible  with  drugs  containing  tannic  acid. 

(7)  Intra-laryngeal  and  Intra-tracheal  Injec- 
tions.— This  method  has  been  adopted  with  the 
object  of  bringing  drugs  into  direct  contact  with 
the  respiratory  passages  and  lungs.  A  special 
curved  syringe  is  used,  and,  at  least  until  con- 
siderable dexterity  is  attained,  the  injection  is 
made  with  the  aid  of  the  laryngoscope.  Anti- 
septic drugs  in  oily  solutions  are  generally 
introduced. 

B.  Rectum. — (1)  Eneniata.  —  Injections  into 
the  bowel  are  given  (1)  as  a  means  of  introduc- 
ing drugs  into  the  system  in  unconscious  persons 
or  when  for  any  reason  stomach  or  subcutaneous 
administration  is  undesirable  ;  (2)  to  produce  a 
local  action  ;  (3)  to  supply  nourishment. 

In  the  case  of  the  first  group  the  enema 
should  be  small,  not  as  a  rule  exceeding  two 
ounces ;  the  dose  of  the  active  agent  is  about 
double  that  required  when  it  is  given  in  the 
usual  manner. 

Enemata  which  are  designed  to  act  locally 
are  usually  given  either  to  evacuate  or  cleanse 
the  bowel,  or  to  remove  flatus,  to  act  as 
sedatives  or  astringents  and  check  diarrhoea,  or 
to  destroy  parasites.  Evacuant  enemata  are 
large,  and  consist  of  water  or  soap  and  water  in 
which  olive  oil,  castor  oil,  or  turpentine  may  be 
suspended.  Sedative  enemata  should  not  ex- 
ceed one  or  two  ounces ;  they  may  consist  of 
thin  starch,  gelatine,  or  mucilage  containing 
half  a  drachm  of  laudanum.  Large  injections  of 
astringents  are  sometimes  used  in  cholera  and 
diarrhoeal  diseases  generally.    As  it  is  desired 


that  these  should  be  retained  as  long  as  possible, 
they  should  be  injected  very  slowly  and  steadily, 
the  buttocks  of  the  patient  being  raised  so  that 
the  fluid  may  gravitate  into  the  colon.  Anthel- 
mintic enemata  may  measure  about  half  a  pint 
for  an  adult ;  the  preparations  most  frequently 
employed  are  salt  (2  drs.  to  10  ozs.),  infusion  of 
quassia,  tincture  of  perchloride  of  iron  (1  dr.  to 
10  ozs.),  or  thymol. 

(2)  Suppositories. — The  best  basis  for  these 
is  cacao  butter,  with  which  the  drugs  to  be 
administered  are  to  be  incorporated.  Glycerine 
jelly  may  also  be  used.  The  irritation  it  pro- 
duces depends  on  the  proportion  of  glycerine  it 
contains ;  gelatin  lessens  this,  or  a  sufficient 
quantity  of  water  annuls  it  completely. 

Attempts  have  been  made  to  utilise  the 
rectal  mucosa  as  a  channel  for  the  absorption  of 
various  drugs  in  gaseous  form — e.g.  chloroform 
vapour,  ether  vapour,  hydrogen  sulphide,  car- 
bonic acid,  etc. — but  these  have  not  met  with 
any  degree  of  success. 

C.  Genital  and  other  Mucous  Membranes. — In 
this  case  drugs  are  used  for  their  local  action 
only,  though  it  must  be  remembered  that 
certain  general  effects  may  ensue.  Thus  we 
once  noted  a  quite  definite  development  of  the 
drug-habit  following  the  prolonged  use  of  strong 
cocaine  ointment  for  intractable  pruritus. 

In  these  regions  the  drugs  employed  are 
generally  introduced  in  the  form  of  watery  in- 
jections, pigments,  pessaries,  or  bougies.  Pes- 
saries are  prepared  with  a  basis  of  glycerine 
jelly  where  a  hygroscopic  effect  is  desired,  or  of 
cacao  butter.  Pigments  may  either  be  applied 
with  a  brush  or  swab,  or  on  tampons  of  wool 
which  are  allowed  to  remain  in  situ.  Urethral 
bougies  are  made  with  a  gelatin  or  cacao  butter 
basis. 

Nasal  and  aural  bougies  and  suppositories, 
of  similar  composition,  are  also  occasionally 
prescribed. 

III.  By  the  Cutaneous  Surface 
In  the  majority  of  cases  drugs  are  applied 
to  the  skin  with  the  object  of  treating  some 
cutaneous  disease  by  local  action.  Before  con- 
sidering the  different  modes  by  which  this  can 
be  carried  out,  one  or  two  methods  which  do  not 
fall  into  the  above  category  may  be  mentioned. 

Counter-irritants  are  generally  employed  in 
order  to  influence  some  deeply  seated  organ. 
Of  those  in  common  use,  the  principal,  arranged 
in  order  of  increasing  potency,  are  mustard, 
turpentine,  liniment  of  ammonia,  tincture  and 
liniment  of  iodine,  croton  liniment,  and  canthar- 
ides  preparations.  The  milder  liniments  should 
be  rubbed  on  with  the  hand  ;  iodine  and  croton 
liniment  should  be  painted  on  with  a  brush. 
The  last  is  somewhat  uncertain  in  its  action  ; 
it  should  in  the  first  instance  be  diluted  with 
an  equal  bulk  of  olive  oil  or  soap  liniment,  and 
should  never  be  applied  to  exposed  parts  of  the 
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skin,  as  it  may  cause  scarring.  Cantharides 
may  be  ordered  as  the  plaster,  to  be  applied  at 
night  and  kept  on  for  six  or  eight  hours,  and 
followed  by  a  linseed  poultice  if  need  be.  The 
liquor  epispasticus  may  also  be  used.  Great 
care  ought  always  to  be  taken  in  the  use  of 
strong  counter-irritants  in  children,  since  in 
conditions  of  debility,  such  as  follow  acute 
diseases,  particularly  measles,  sloughing  of  the 
skin  readily  takes  place. 

More  powerful  than  any  of  the  preceding  are 
Escharotics  such  as  lunar  caustic,  strong  nitric 
acid,  caustic  potash,  etc. 

The  skin  is  rarely  used  as  a  channel  for  the 
administration  of  drugs  intended  to  act  generally. 
Watery  solutions  penetrate  its  horny  layer  with 
great  difficulty,  unless  carried  in  by  the  galvanic 
current— a  method  of  medication  which,  after 
falling  into  almost  complete  desuetude,  has 
recently  been  revived  with  considerable  success 
as  a  means  of  obtaining  a  more  or  less  local 
action — Electrolysis,  or  Cataphoresis.  Only  elec- 
trolytic solutions  can  be  employed  in  this  way  ; 
drugs  which  do  not  ionise  cannot  be  introduced 
into  the  body  by  electrolysis.  Salts  in  solution 
dissociate  into  an  electro-positive  metallic  ion 
(kation)  and  an  electro-negative  acid  radicle  ion 
(anion)  {vide  art.  "  Pharmacology,"  vol.  vii.  p. 
443).  When  a  current  is  passed  through  such  a 
solution  the  kations  descend,  the  anions  ascend, 
the  current.  The  human  body  is  an  electrolyte, 
and  if  an  electrolytic  solution  be  used  at  the 
electrodes  of  a  battery  connected  with  the  body 
the  descending  kations  will  penetrate  the  skin  at 
the  positive  pole  ;  the  ascending  anions  will  enter 
at  the  negative  pole.  This  can  be  shown  ex- 
perimentally in  animals  :  strychnine  salts  cause 
poisoning  when  applied  at  the  positive,  but  not 
at  the  negative  electrode,  the  kation  here  being 
the  active  ion ;  with  potassium  cyanide  the  re- 
verse is  the  case,  the  anion  being  toxic.  The 
rule  therefore  is,  to  use  the  positive  pole  when 
the  action  of  the  metallic  ion  is  desired,  the 
negative  pole  for  the  acid  radicle.  As  examples 
we  may  mention  the  use  of  zinc  chloride  at  the 
anode  for  rodent  ulcer  ;  salicylate  of  soda  at  the 
cathode  for  chronic  rheumatism.  In  the  one 
case  the  zinc,  in  the  other  the  salicylic  ion,  acts 
locally.  The  solutions  are  applied  on  layers  of 
lint  connected  with  the  electrode ;  the  other 
electrode  is  placed  on  some  indifferent  part  of 
the  body.  A  current  of  30  or  50  ma.  more  or 
less  is  used.  (Dawson  Turner,  Ed.  Med.  Jour., 
1908,  vol.  xxiii.,  N.S.) 

Apart  from  this,  if  the  absorption  of  a  drug 
throvigh  the  skin  is  desired,  it  must  be  applied 
in  the  form  of  an  ointment.  Fumigation,  as  a 
means  of  attaining  the  same  end,  has  fallen  into 
almost  complete  disuse,  and  the  possibility  of  a 
powder  being  absorbed  by  the  sebaceous  and 
other  glands  is  not  made  use  of  in  practice. 
The  same  remark  applies  to  the  Endermic 
method,  in  which  powdered  drugs  were  applied 


to  and  absorbed  from  the  raw  surface  left  by  a 
rapidly  acting  vesicant,  such  as  strong  ammonia 
or  chloroform. 

In  fact,  the  chief  drug  which  is  now  ad- 
ministered by  the  skin  is  mercury  in  the  in- 
unction treatment  of  syphilis.  The  blue 
ointment  is  thoroughly  rubbed  into  the  skin, 
or  spread  on  a  binder  which  is  kept  applied 
over  a  considerable  area.  More  recently  the 
cleaner  practice  of  wearing  a  bib  impregnated 
with  mercury  has  been  introduced.  Another 
drug  which  is  sometimes  given  by  this  channel 
is  guaiacol,  which  is  a  powerful  depressant  and 
antipyretic  when  applied  to  the  skin  in  fever. 

Local  Applications  to  the  Skin. — (1)  Ointrnerits. 
— The  most  common  bases  are  lard,  vaseline, 
lanoline,  wax,  and  cetaceum.  Lanoline  (hydrous 
wool  fat,  adeps  lanse  hydrosus)  is  readily  miscible 
with  water,  and  in  its  anhydrous  form  is  dis- 
tinctly hygroscopic  and  may  therefore  irritate. 
It  is  somewhat  tough,  and  may  be  made  more 
workable  by  the  addition  of  olive  oil  or  vaseline. 
Vaseline  is  believed  to  give  up  incorporated 
drugs  more  readily  than  the  others,  hence 
yields  a  more  active  ointment.  Oleic  acid  is 
chiefly  used  for  preparing  alkaloidal  ointments. 

Cold  creams,  or  ointments  containing  a  con- 
siderable quantity  of  water,  have  a  refrigerant 
effect — an  instance  is  the  unguentum  aquae 
rosse  of  the  pharmacopoeia. 

When  a  large  proportion  of  powder  is  incor- 
porated with  a  fatty  basis  a  Paste  results — as  in 
the  case  of  the  well-known  Lassar's  paste,  which 
consists  of  equal  parts  of  zinc  oxide,  powdered 
starch,  lanoline,  and  vaseline.  Pastes  differ  from 
ointments  in  being  less  penetrating,  and  in  per- 
mitting excretions  to  escape  more  freely. 

Salves  are  ointments  medicated  in  various 
ways,  and  spread  on  muslin.  Sometimes  the 
muslin  is  made  impermeable  (and  the  salve 
more  active)  by  being  coated  with  gutta-percha. 

(2)  Plasters,  with  one  or  two  exceptions,  such 
as  the  emplastrum  belladonnse,  are  not  much 
used.  They  consist  of  an  adhesive  basis,  to 
which  drugs  are  added,  spread  on  leather  or 
linen.  Among  the  best  known  are  the  salicylic 
acid  and  creosote  plaster  used  in  the  treatment 
of  lupus ;  emplastrum  hydrargyri,  sometimes 
used  for  dressing  syphilitic  ulcers  ;  and  the  em- 
plastrum plumbi,  with  which  chronic  inflamma- 
tory conditions  are  occasionally  strapped.  The 
last  is  a  useful  plaster  basis,  to  which  other 
drugs  may  be  added. 

(3)  Varnishes. — These  are  preparations  which, 
when  applied  to  the  skin,  evaporate  and  leave 
a  thin  adherent  coating.  They  may  be  medi- 
cated in  various  ways.  Among  the  most  gener- 
ally employed  are  the  linimentum  exsiccans 
(tragacanth  5,  glycerine  5,  water  100) ;  gly co- 
gelatine,  or  glycerine  jelly,  which  requires  to 
be  melted  before  being  applied;  collodion  ;  and 
traumaticin  (gutta-percha  1  dr.,  chloroform 
1  oz. ).    Alkalis  should  not  be  added  to  prepara- 
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tions  containing  mucilage.  Fats  can  be  incor- 
porated with  solutions  of  glycerine.  Collodion 
is  chiefly  used  as  a  vehicle  for  salicylic  acid, 
and  traumaticin  for  chrysarobin.  Ichthyol, 
sulphur,  zinc  oxide,  etc.,  may  be  added  to  the 
gelatine  preparations. 

(4)  Dusting  Powders  may  be  applied  by 
dredging,  or  by  laying  a  muslin  bag  containing 
them  over  the  affected  part.  They  act  as 
sedatives  to  inflamed  cutaneous  surfaces,  and 
absorb  secretion.  The  substances  most  com- 
monly used  are  starch,  zinc  oxide,  boric  acid, 
talc,  fuller's  earth,  kaolin,  and  carbonate  of 
magnesia.  Boric  acid  alone  is  irritating,  and 
should  be  diluted  with  starch. 

(5)  Lotions. — The  basis  of  lotions  is  water, 
to  which  rectified  spirit,  glycerine,  mucilage, 
and  occasionally  oil,  may  be  added.  The  first 
of  these,  by  its  evaporation,  imparts  a  cooling 
character  to  the  lotion  ;  glycerine  and  mucilage 
are  added  in  order  to  suspend  powders.  It 
should  be  remembered  that  some  skins  do  not 
stand  glycerine  well  on  account  of  its  hygroscopic 
properties. 

(6)  Liniments  are  generally  used  as  counter- 
irritants  ;  occasionally  as  sedatives.  They  are 
usually  solutions  or  emulsions  of  drugs  in  oils, 
soaps,  or  alcohol.  Oils  and  fats  penetrate  the 
the  skin  with  difficulty ;  this  is  diminished  by 
the  addition  of  alcohol  or  acetic  acid.  Soap 
and  yolk  of  egg  are  commonly  employed  as 
emulsifying  agents. 

(7)  Baths. — These  may  be  simply  sedative, 
when  such  substances  as  starch  (1  to  2  lbs.), 
bran  (2  to  5  lbs.),  or  gelatine  are  added  to  25 
or  30  gallons  of  warm  water.  Again,  they  may 
be  medicated  by  the  addition  of  alkalis,  such  as 
carbonate  of  soda  (2  to  10  oz.),  potassium 
sulphide  (2  to  4  oz.),  or  tar.  Mustard  baths 
(1  oz.  to  1  gallon)  are  very  powerful  stimu- 
lants ;  the  patient  is  held  in  the  bath  until  the 
arms  of  the  attendant  begin  to  tingle. 

(8)  Soajis. — These  are  not  much  used  for  the 
application  of  drugs  to  the  skin.  The  intensity 
of  their  action  is  increased  if  the  lather  is 
allowed  to  dry  on,  and  still  more  if  it  is 
thoroughly  rubbed  in  until  dry.  One  of  the 
most  valuable  soap  preparations  is  Hebra's  soap 
spirit,  consisting  of  two  parts  of  potash  soap  to 
one  part  of  rectified  spirit,  which  is  of  great  use 
in  the  treatment  of  seborrhoea  of  the  scalp. 

In  ordering  soaps  the  chief  points  to  be 
borne  in  mind  are,  that  when  a  decided  deter- 
gent efi^ect  is  desired,  an  alkaline  soap  should 
be  selected  ;  when  all  irritation  mvist  be  avoided, 
an  over-fatty  one.  It  is,  however,  to  be  I'emem- 
bered  that  much  of  the  irritation  which  some 
soaps  cause  is  due  less  to  their  alkalinity  than 
to  the  rosin  and  fats  used  in  their  manufacture. 

IV.  Injection  through  the  Skin 
(1)  Hypodermic  Injection. — The  conveniences 
of  this  mode  of  administering  active  drugs  are 


many  and  obvious  :  the  medicine  acts  rapidly 
and  certainly,  it  does  not  derange  the  digestion, 
and  it  can  be  given  to  an  unconscious  or  rebel- 
lious patient.  The  introduction  of  the  tablet 
form  of  drug  for  hypodermic  medication  I'enders 
an  error  in  dosage  practically  impossible,  and 
minimises  risk  of  sepsis ;  it  also  renders  un- 
necessary the  addition  of  any  preservative  to 
a  solution  for  hypodermic  injection.  Vaccines 
consisting  of  dead  bacteria,  solutions  of  tuber- 
culin, etc.,  should  be  preserved  in  sterilised 
bottles  closed  by  sterile  rubber  caps,  through 
which  the  hypodermic  needle  is  thrust  to  with- 
draw the  requisite  dose.  Some  hypodermic 
preparations — e.g.  ergot,  adrenaline — may  be 
conveniently  preserved  in  hermetically  sealed 
glass  capsules,  each  containing  a  single  dose. 
Provided  the  needle  is  kept  clean  there  is 
very  little  risk  of  suppuration,  but  it  is  safer 
to  use  a  syringe  and  needle  which  have  been 
boiled  before  use.  In  giving  the  injection,  a  fold 
of  skin  is  pinched  up  and  the  needle  introduced 
through  the  whole  thickness  of  the  true  skin, 
so  that  the  fluid  can  be  painlessly  injected  into 
the  loose  subjacent  cellular  tissue.  If  the  needle 
does  not  penetrate  sufficiently,  and  the  fluid  is 
injected  into  the  deeper  layer  of  the  epidermis, 
some  pain  will  be  caused.  After  the  needle  is 
withdi-awn  the  part  ought  to  be  gently  rubbed 
to  promote  absorption  of  the  fluid.  It  should 
be  remembered  that  a  hypodermic  injection  of 
ether  is  much  more  painful  than  one  of  an 
ordinary  alkaloidal  solution,  and  that,  particu- 
larly when  the  vitality  of  the  patient  is  low,  a 
superficial  slough  may  occur. 

In  giving  a  subcutaneous  injection,  the  neigh- 
bourhood of  large  veins  and  nerve  trunks  should 
be  avoided.  When,  however,  local  anaesthesia 
over  a  considerable  area  is  aimed  at,  drugs  such 
as  cocaine  or  morphia  are  sometimes  injected 
near  to,  or  actually  into  the  sheath  of,  a  nerve 
trunk. 

(2)  Intramuscular  Injections. — These  are  em- 
ployed chiefly  in  the  administration  of  drugs 
siich  as  ergot,  which  are  reputed  to  be  liable  to 
cause  an  abscess,  or  which,  like  calomel  or  mer- 
cury in  oily  suspension,  are  intended  to  be  very 
slowly  absorbed.  Muscles  of  coarse  fibre,  such 
as  the  glutei,  should  be  selected  as  the  point  of 
injection. 

(3)  Intravenous  Injection. — This  mode  of  ad- 
minstration,  on  account  of  the  obvious  risks 
attending  it,  has  never  enjoyed  a  great  vogue. 
Drugs  introduced  into  veins  act  much  more 
rapidly  than  when  injected  under  the  skin. 
The  principal  applications  of  intravenous  injec- 
tion are  for  the  introduction  of  saline  solution 
to  cope  with  sudden  collapse,  and  of  alkalis  in 
diabetic  coma  and  acidosis  generally.  Among 
special  uses  of  this  method,  the  injection  of 
mercury  in  syphilis,  of  formalin  in  septicaemia, 
and  of  iodoform  and  other  antiseptics  in  phthisis 
may  be  mentioned. 
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(4)  Injection  into  the  Subcutaneous  Tissue 
{Hypodermatoclysis). — Here  also,  saline  solution 
is  the  agent  chiefly  employed.  The  fluid  may 
be  introduced  at  almost  any  part  of  the  body, 
but  sites  where  the  skin  is  loose  and  cellular 
tissue  abundant — e.g.  the  mammary  region — are 
to  be  preferred.  A  fairly  large  needle,  or  a 
number  of  needles,  should  be  employed,  and  the 
fluid,  amounting  to  one  or  two  pints,  allowed  to 
flow  in  by  gravity.  The  vessel  containing  it 
may  be  attached  to  the  patient's  bed  about 
eighteen  inches  or  two  feet  above  the  point  of 
injection.  Care  should  be  taken  to  maintain 
the  fluid  at  a  temperatixi'e  of  about  100°.  In 
selecting  a  site  for  the  injection,  one  which  will 
interfere  with  any  surgical  procedure  which  may 
afterwards  be  necessary  should  of  course  be 
avoided. 

Injections  of  saline  solution  into  the  retro- 
rectal connective  tissue  have  been  advised  for  in- 
continence of  urine.  The  needle,  guided  by  a 
finger  in  the  rectum,  enters  near  the  tip  of  the 
coccyx  and  is  carefully  passed  up  behind  the 
bowel.  About  a  hundred  cubic  centimetres  of 
fluid  may  be  injected  in  this  way. 

The  injection  of  paraffin  into  the  subcutaneous 
tissue  for  cosmetic  and  other  purposes  does  not 
fall  within  the  scope  of  this  article. 

(5)  Intraspinal  Injections. — Of  late  years 
these  have  been  somewhat  extensively  used, 
particularly  for  the  induction  of  cocaine  or 
stovaine  anaesthesia  below  the  level  of  introduc- 
tion. The  strictest  antiseptic  precautions  are 
naturally  essential.  A  syringe  with  a  needle 
four  or  five  inches  long,  which  can  be  boiled, 
should  be  used.  The  patient  is  placed  with  the 
thighs  flexed  on  the  abdomen,  and  the  point  of 
the  needle  is  introduced  between  the  third  and 
fourth  lumbar  vertebrae  (just  above  a  line  join- 
ing the  highest  points  of  the  iliac  crests)  about 
half  an  inch  to  one  side  of  the  middle  line. 
The  needle  is  thrust  steadily  in,  in  a  slightly 
oblique  direction  upwards  and  inwards,  its  point 
being  withdrawn  if  it  catches  against  the  arch 
of  a  vertebra.  When  the  needle  reaches  the 
spinal  canal  a  few  drops  of  cerebro-spinal  fluid 
flow  out ;  the  escape  of  blood  shows  that  a  vein 
has  been  punctured.  When  the  needle  is  in 
the  canal  the  syringe  is  attached,  and  the  fluid 
slowly  injected.  Some  advise  that  before  the 
solution  is  introduced  an  equivalent  quantity 
of  cerebro-spinal  fluid  should  be  allowed  to  drain 
away.  When  cocaine  is  the  drug  selected  the 
patient's  head  and  shoulders  should  be  raised 
after  the  injection,  so  as  to  prevent  the  fluid 
from  passing  up  the  spinal  canal.  In  using 
intra-spinal  injections  of  coUargol  for  cerebro- 
spinal fever  I  have  found  traces  of  the  drug  at 
the  base  of  the  brain  two  days  after  the  drug 
was  injected.  Evidently,  therefore,  substances 
introduced  by  lumbar  punctui'e  may  affect  the 
cranial  as  well  as  the  spinal  contents. 

(6)  Epidural  Injections  have  recently  been 


highly  recommended  as  a  means  of  treating 
enuresis  nocturna.  Saline  solution  is  the  drug 
employed.  The  needle  is  introduced  at  an 
angle  of  60°  to  the  skin,  just  above  the  middle 
of  the  line  joining  the  cornua  coccygea  of  the 
sacrum.  When  the  resistance  of  the  anterior 
wall  of  the  sacral  canal  is  felt  the  needle  is 
inclined  parallel  with  the  skin  and  passed  up 
the  sacral  canal.  From  10  to  40  c.c.  of  saline 
solution  may  be  injected.  The  dura  should 
not  be  punctured. 

Intra-cerebral  injections  have  been  used  in  the 
treatment  of  tetanus  by  the  antitoxin,  with  the 
object  of  introducing  the  serum  into  the  imme- 
diate neighbourhood  of  the  poisoned  nerve 
centres. 

(7)  Intra-Pulmonary  Injections. — The  direct 
introduction  of  antiseptics  into  the  diseased 
lung  by  means  of  an  ordinary  exploring  needle 
has  been  tried,  but  is  neither  free  from  danger 
nor  attended  by  decided  benefit. 

Extra-Pharmacopoeial  and  other  New  Drugs 

In  addition  to  the  drugs  which  find  a  place  in 
the  Pharmacopoeia,  new  remedies  are  constantly 
being  introduced.  For  information  concerning 
these,  two  standard  authorities,  Martindale 
and  Westcott's  Extra-Pharmacopoeia  and  the 
British  Pharmaceutical  Codex,  should  be 
referred  to.  Besides  giving  a  great  deal  of 
pharmaceutical  information,  both  volumes  con- 
tain a  number  of  useful  formiilae,  many  of 
which  are  modelled  on  those  of  remedies  which 
have  gained  popularity  under  various  com- 
mercial names.  As  well  as  giving  these 
formulae,  the  compilers  of  the  Codex  have  intro- 
duced brief  descriptive  names  for  a  variety  of 
substances  of  definite  composition  which  are 
already  known  under  special  names.  Many  of 
these  special  names  are  trade  protected  and  can 
only  be  legally  applied  to  the  products  of  firms 
or  individuals  in  whom  proprietary  rights  in 
these  names  are  vested.  Everyone,  of  course, 
may  produce  the  drugs  under  the  Codex  name, 
but  when  the  proprietary  name  is  used  only  the 
product  of  the  firm  which  has  a  legal  right  to 
the  name  can  be  dispensed. 

The  advantages  of  prescribing  under  the 
Codex  names  are :  (1)  the  encouragement  of 
"  free  trade  "  in  the  manufacture  of  drugs  ;  (2) 
in  many  cases,  the  concealment  from  a  patient 
of  the  nature  of  the  remedy ;  and  (3)  economy. 
To  give  an  instance  :  a  certain  fashionable  drug 
sells  wholesale  iinder  its  original  (trade)  name 
at  Is.  4d.  per  ounce ;  the  same  drug  can  be 
supplied,  if  ordered  under  its  Codex  name,  at  a 
quarter  of  the  sum.  On  the  other  hand,  by 
ordering  a  drug  under  its  trade  name  we  have 
such  guarantee  of  its  quality  as  the  reputation 
of  its  maker  affords. 

The  following  list,  which  is  not  exhaustive, 
giving  the  synonyms  of  some  of  the  chief  com- 
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mercial  products  now  made,  has  been  compiled 
from  the  Codex,  1907  :— 


Presphenoid. 

the  sphenoid  bone. 


■The  anterior  part  of 


Trsde 
Name. 

B.P.C.  Name. 

Trade 
Name. 

B.P.C.  Name. 

Trade 
Name. 

xs.ir.i./.  JName. 

Trade 
Name. 

B.P.C.  Name. 

Acetysal 

Aceto-salicylic  acid 

Bromo- 

Chiefly  acetanilide 

Ichthalbin 

Albumin  ichthyo- 

Pyraloxin 

v/Amiacu  jjyruyttiiiu 

Actol 

Silver  lactate 

acetanilide 

sulphonate 

Renaglan- 

Adrpnfn  rani/l 

Adneph- 

Calcinol 

Calcium  iodate 

Ichthargan 

Silver  ichthyosul- 

Castor  oil 

Magnesium  ricin- 

phonate 

Renostyp- 

Adreii 

powders 

oleate 

Ichtlioform 

Formaldehyde  ich- 

ticin 

Adrenaline 

Chloretone 

Chlorbutol 

thyosulplionate 

Salazoloue 

\ 

Airoform  ) 

Bismuth  oxyiodo- 
gallate 

Citraniine 

Formamol 

lodol 

lodopyrrhol 

SalipyrazG- 

f  A  ntitivri  n  aal  ipv- 

Airogen  > 

Collargol 

Silver  colloid 

Itrol 

Silver  citrate 

lon 

Airol  ) 

Creosotal 

Creosote  carbonate 

Kelene 

Ethyl  chloride 

Salipyrin 

^  late 

Albolene 

Lifjuid  paraffin 

Cystamine 

Formamine 

Largin 

Silver  albuminate 

Saletin 

Aceto-salicylic  acid 

Aletodin 

Aceto-salicylic  acid 

Cystogen 

Bismuth  subgallate 

Laxatin 

Phenophthalein 

Solurol 

Thyinic  acid 

Ammonol 

Chiefly  acetanilide 

Dermatol 

Laxoin 

Styracol 

Criiaracol  cintiaiiiate 

Analgen 

Quinalgen 

Dionin 

Ethyl  morphine 

Levuretine 

Zymin 

Suprarena- 

A  rlvpni n p 
cm  lie 

Analgesine 

Antipy  ri  ne 
Chiefly  acetanilide 

hyd. 

Levurine 

Anodynin 

Diuretin 

Theobromin-sodium 

Neurotrop- 

Formamol 

Supraren- 

Anti- 

salicylate 

ine 

nin 

kamina 

Ductal 

Guaiacol  carbonate 

New  uro- 

Tannalbin 

Tannin  albumin 

Anti- 

Eucaine 

Betacaine  hydro- 

tropin 

Tannigen 

Acetannin 

sepsine 

chlor. 

Nosophen 

lodophenophthalein 

Tannocol 

Tanno  gelatin 

Antitoxine 

Silver  caseinate 

Euquinine 

Quinine  ethyl  car- 

Novargan 

Silver  proteinate 

Taimoform 

Methyl  ditannin 

Argonin 

bonate 

01.  deelinse 

Liquid  paraffin 

Tetronal 

Ethyl  sulphonal 

Argyrol 

Silver  vitellin 

Europhen 

Butyl  cresyl  iodide 

Paraneph- 

Adrenine 

Trional 

Methyl  „ 

Aristol 

Thymol  di-iodide 

Exalgin 

Methyl  acetanilide 

rin 

Uretone 

Formamine 

Arrhenal 

Sodium  metarsenate 

Formin 

Formamine 

Parolein 

Liquid  paraffin 

Urisol 

Formamol 

Aspirin 

Aceto-salicylic  acid 

H.neraosta- 

Adrenine 

Phenalgin 

Chiefly  acetanilide 

Urophenol 

Atoxyl 

Sodium  anil-arsen- 

siue 

Pinol 

Oil  of  pine 

Urotropin 

Formamine 

ate 

Helmitol 

Formamol 

Proponal 

Homalurea 

Vasocon- 

Adrenine 

Benzosol 

Guaiacol  benzoate 

Hemisine 

Adrenine 

Protargol 

Silver  proteinate 

strictine 

Betol 

Naphthol  salicylate 

Heroin 

Acetomorphine 

Pumiline 

Oil  of  pine 

Veronal 

Malourea 

Purgen 

Phenophthalein 

Xaxa 

Acetosalicylic  acid 

Prescription.— The  written  form  in 
which  a  phj^sician  orders  certain  medicines  to 
be  made  up  by  the  chemist  for  use  by  a  patient. 
{See  Prescribing.)  In  Law,  prescription  is  "  the 
undisturbed  and  continuous  enjoyment  of  a 
legal  right  for  a  period  fixed  by  law,  on  the 
expiry  of  which  all  attempts  to  overthrow  it 
are  barred " ;  and,  strictly  speaking,  insanity, 
by  preventing  a  person  knowing  that  his  rights 
have  been  invaded,  ought  to  cause  suspension 
of  the  law  of  prescription,  but  it  has  not  always 
had  this  effect  in  practice. 

Preseniiity.    See  Progeria. 

Presentation. — The  relation  of  the  long 
axis  of  the  foBtus  to  the  long  axis  of  the  uterus  of 
the  mother,  the  presenting  part  being  the  region 
of  the  foetus  first  touched  by  the  obstetrician's 
hand  during  his  examination  [per  vaginam)  of  the 
woman  in  labour.  See  Labour,  Diagnosis  and 
Mechanism  ;  Labour  in  Multiple  Pregnancy 
{Frequency  of  Fresentations) ;  Labour,  Precipi- 
tate AND  Prolonged  {Contracted  Felvis,  Mechan- 
ism with) ;  Labour,  Accidental  Complications 
{Fresentatioji  of  the  Cord) ;  Labour,  Obstetric 
Operations  ( Version) ;  Pregnancy,  Hemorrhage 
{Unavoidable,  or  Flacenta  Prcevia). 

Preservation  of  Food-StufFs.— 

Various  means  (refrigeration,  salting,  tinning, 
smoking,  and  the  addition  of  chemicals)  are 
employed  to  prevent  putrefaction  in  such  food- 
stuffs as  meat,  fish,  milk,  butter,  vegetables,  and 
fruit ;  there  are  laws  regulating  the  use  of  pre- 
servatives. See  Milk  {Adulteration,  Freserva- 
tives). 


Pressure.  See  Aneurysm  {Signs  and 
Symptoms,  Fi'essure  Effects) ;  Labour,  Pre- 
cipitate and  Prolonged  {Contracted  Felvis, 
Pressure  Marks  on  Foetal  Head)  ;  Labour,  Acci- 
dental Complications  {Pressure  on  Cord  in 
Prolapse,  etc.) ;  Labour,  Post-partum  Hemor- 
rhage {Pressure  on  Uterus) ;  Meteorology 
{Atmospheric  Pressure)  ;  Nerves,  Peripheral 
{Injuries,  Pressure  Lesions) ;  Pulse  {Arterial 
Pressure) ;  Ulcers  and  Ulceration  {Pressure 
Sore). 

Presternum. — The  upper  or  anterior 
segment  of  the  sternum  ;  the  manubrium. 

Preston's  Salt.  —  Carbonate  of  am- 
monium.   See  Ammonium. 

Presystolic. — Preceding  the  ventricular 
systole  of  the  heart,  or  occurring  during  the 
auricular  systole,  e.g.  &  presystolic  murmur.  See 
Heart,  Affections  op  Myocardium  {Physical 
Examination,  Auscultation). 

Preternatural  Labour.— A  labour 

in  which  some  region  of  the  foetus  other  than 
the  head  is  the  presenting  part ;  breech  cases 
and  cross-births  are  included.  See  Labour, 
Diagnosis  and  Mechanism. 

Prevalidin.— An  ointment  said  to  con- 
tain camphor,  balsam  of  Peru,  oil  of  eucalyptus, 
and  oil  of  rosemary,  combined  with  a  base 
("percutilan  ") ;  it  is  recommended  as  an  inunc- 
tion in  cases  of  phthisis,  bronchitis,  rickets,  etc. 

Preventive  Medicine.— The  science 

of  prophylaxis  or  the  prevention  of  disease  by 
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diet,  hygiene,  vaccination,  inoculation,  and  the 
like.    *S'ee  Therapeutics,  Serum  Therapy. 

Prevost'S  Symptom.  — The  occur- 
rence, in  apoplexy,  of  conjugate  deviation  of  the 
eyes  and  head,  which  looked  toward  the  side  of 
the  cerebral  lesion  and  away  from  that  of  the 
paralysed  limbs. 

Priapism.  —  Persistent  erection  of  the 
penis  (Gr.  TrptaTrt^o),  to  be  like  Priapus)  due  to 
stone  in  the  bladder,  ascarides,  disease  of  the 
spinal  cord,  spleno- medullary  leukaemia,  etc. 
See  Brain,  Cerebellum,  Affections  of  {Haemor- 
rhage, Symptoms) ;  Penis,  Surgical  Affections 
OP  {Priapism) ;  Spine,  Surgical  Affections  of 
{Fracture,  Symptoms) ;  Tabes  Dorsalis  {Symp- 
tomatology, Genital  Organs). 

Prickle-Cell  Layer. —  The  stratum 

Malpighii  of  the  epidermis.  See  Skin,  Anatomy 
AND  Physiology  {Epidermis). 

Prickly  Heat. — See  Miliaria  {Miliaria 
Papulosa) ;  Skin  Diseases  of  the  Tropics 
{Caused  by  Climatic  Conditions,  Lichen  Ti'opicus). 

Pri  mse  Vise. — Literally,  the  first  passages, 
e.g.  the  alimentary  canal  or  the  bowels. 

Primary. — First  in  order  of  time,  of  im- 
portance, or  of  development;  e.g.  pj^imary  syphilis 
'{see  Syphilis,  Acquired,  Primary),  primary  am- 
j)utation,  primary  lateral  sclerosis  {see  Para- 
lysis), etc. 

Pri  mi  parity. — The  state  of  being  preg- 
nant for  the  first  time,  the  pregnant  patient 
being  then  termed  a  primipara.  See  Preg- 
nancy, Diagnosis  {Multiparity  and  Primiparity). 

Primitive  or  Primordial.— Early, 

first-formed,  original ;  e.g.  the  primitive  streak 
and  groove  in  embryology,  primordial  ova  in  the 
foetal  ovary,  etc.  See  Embryology  ;  Physi- 
ology, Tissues  {Nerve,  Primitive  Nerve  Sheath). 

Primula  ObCOnica.  -S'ee  Dermatitis 
Traumatica  et  Venenata  {Causal  Agents, 
Vegetable) ;  Myiasis  {Plant  Stings). 

Prince's  Stain. — A  mixture  consisting 
of  a  basic  and  two  acid  dyes  in  solution 
(toluidin  blue,  acid  fuchsin,  and  eosin)  used 
for  the  differentiation  of  the  nuclei  and  granules 
of  blood  corpuscles,  etc. 

Prismata  Adamantina.— Calcified 

prisms  forming  a  large  part  of  the  enamel  of 
a  tooth. 

Prisms.  See  Nicol's  Prism  ;  Ocular 
Muscles,  Affections  of  {Abnormal  Position, 
Hyperphoria,  Treatment  by  Prisms) ;  Physi- 
ology, Neuro-Muscular  Mechanism  ( Vision) ; 


Refraction  {Prisms) ;  Spectroscope  in  Medi- 
cine ;  Strabismus  {Treatment). 

Prisoners.  See  Malingering  {Motive, 
Prisoners). 

Private  Patients.  See  Lunacy 
{Private  Patients  in  England). 

Privies.  See  Sewage  and  Drainage 
{Middens). 

Pro-. — In  compound  words  |jro-  (Lat.  ^ro, 
Gr.  irpo,  before)  means  before  in  time  or  in 
space  or  in  estimation ;  e.g.  the  proamnion  (a 
layer  of  ectoderm  and  entoderm  of  the  early 
embryo),  the  proatlas  (a  vertebral  element 
occasionally  found  between  the  atlas  and  the 
occipital  bone),  etc. 

Probability.  See  Vital  Statistics 
{Probable  Duration  of  Life,  etc.). 

Probang". — A  flexible  rod  for  sounding 
the  oesophagus  or  larynx ;  it  may  have  a  sponge 
on  its  extremity  {sp)onge-probang). 

Probe. — A  flexible  rod,  slenderer  than  a 
probang,  for  sounding  and  exploring  internal 
organs  {e.g.  the  uterus,  ureters),  or  wounds 
{e.g.  bullet-tracks)  or  canals.  Nelaton's  probe 
has  a  porcelain  tip. 

Process. — An  outgrowth,  prominence,  or 
projecting  part ;  e.g.  the  coracoid  process  of  the 
scapula,  the  odontoid  process  of  the  axis 
vertebra,  the  unciform  process  of  the  ethmoid, 
etc. 

ProchOWnick  Diet. —  A  diet  given 
in  pregnancy  with  the  object  of  diminishing 
the  bulk  of  the  foetus,  of  delaying  its  ossification, 
and  of  lessening  the  tissues  which  lie  in  the 
pelvis  of  the  mother ;  it  is  said  to  be  useful 
in  cases  of  pelvic  contraction.  The  following 
diet  is  to  be  given  during  the  last  two  or  three 
months  of  pregnancy  ; — For  breakfast,  a  small 
cup  of  coffee  (100  c.c),  about  25  grams  of 
biscuit  or  bread  with  some  butter ;  for  dinner, 
any  kind  of  meat,  an  egg,  fish  with  a  little 
sauce,  green  vegetables  prepared  in  fat,  salad, 
cheese ;  supper,  the  same  as  for  dinner,  with 
40  to  50  grams  of  bread  and  butter ;  water, 
soups,  potatoes,  puddings,  sugar,  and  beer 
are  quite  forbidden,  and  the  total  daily  quantity 
of  fluid  is  not  to  exceed  500  c.c. 

PrOC  i  d  e  n t  i  a.  —  Downward  displacement 
or  prolapse  of  some  organ  or  part,  such  as  the 
rectum  or  the  uterus  or  the  iris.  See  Gastro- 
intestinal Disorders  of  Infancy  {Prolapsus 
Recti) ;  Pelvis,  Perineum  and  Pelvic  Floor 
{Descent  of  the  Floor) ;  Pregnancy,  Affections 
OF  Generative  Organs  {Prolapsus  or  Proci- 
dentia Uteri) ;  Rectum,  Diseases  of  the  {Pro- 
cidentia) ;  Uterus,  Displacements  op  the 
{Descent). 
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PROCT-  OR  PROCTO- 


PrOCt-  or  PrOCtO-. — In  compound 
words  proct-  (Gr.  TrpwKros,  the  anus)  means 
relating  to  the  anus  ;  e.g.  jyroctatresia  (imperfora- 
tion  of  the  anus),  proctocele  (prolapse  of  the 
rectum),  proctoccypexy  (fixing  the  rectum  to  the 
coccyx),  proctorrhcea  (discharge  of  mucus  from 
the  anus),  and  proctosjMsmus  (rectal  tenesmus). 

PrOCtcllg'ia,. — Pain,  usually  neuralgic  in 
character,  iu  the  anus  or  rectum  ;  proctodynia. 

Proctectomy. — Excision  of  the  anus  or 
rectum. 

Proctitis.  See  Rectum,  Diseases  of 
(Proctitis). 

Proctodaeum. — The  posterior  part  of 
the  cloacal  fossa  of  the  embryo.  See  Embry- 
ology. 

Proctodynia. — Pain  about  the  anus  or 
rectum ;  proctalgia. 

ProctoplclSty.  —  Plastic  or  reparative 
surgery  of  the  anus  and  rectum. 

Proctoptosis. — Prolapse  of  the  rectum. 

See  Rectum,  Diseases  of  (Procidentia). 

Proctorrhaphy.— Fixation  of  the 
rectum  or  anus  with  sutures. 

Proctoscope. — A  rectal  speculum. 

ProctOSigrmoidectomy.  —  Excision 
of  the  rectum  and  sigmoid  flexure. 

Proctotomy,— Incision  into  the  rectum, 
with  or  without  division  of  the  sphincters  (ex- 
ternal  and  internal  proctotomy). 

Procurator-Fiscal.  See  Medicine, 
Forensic  (Certification,  Scotland). 

Prodromata. — The  early  or  precursory 
phenomena  or  signs  of  a  disease  or  other  morbid 
state  (Gr.  TrpoSpo/j.yj,  a  running  forward  or 
sally). 

Product. — In  Obstetrics  the  term  product 
is  sometimes  given  to  the  fostus,  membranes, 
placenta,  and  liquor  anmii. 

Proem bryon. — The  first  indications  of 
an  embryo  which  exist  at  the  end  of  the  first 
week  of  antenatal  life  in  utero ;  the  extra- 
embryonic parts,  such  as  the  amnion  and  the 
umbilical  vesicle,  are  quite  recognisable,  but 
the  future  embryo  is  little  more  than  a  mass  of 
epiblast  cells  with,  as  yet,  no  primitive  streak. 
(See  Ballantyne's  Antenatal  Pathology,  vol.  ii. 
p.  24.) 

Proencephaius. — A  teratological  type 
in  which  there  is  anterior  meroacrania,  i.e.  the 
frontal  bones  are  defective  and  the  cranial 
contents  protrude  in  the  anterior  part  of  the 
vault. 


Professional  Spasms.  See  Neu- 
roses, Occupation. 

Profeta'S  Law. — The  law  that  healthy 
children  born  of  syphilitic  parents  are  not 
susceptible  to  infection  with  syphilis,  and  that 
they  can  therefore  be  safely  nursed  by  the 
mother  or  by  a  syphilitic  wet-nurse.  See  Syph- 
ilis (In  Children,  Hereditary). 

Profundus  or  Profunda.— Deep 

seated ;  e.g.  the  arteria  prof  unda  femoris,  and 
the  superior  profunda  branch  of  the  brachial 
artery. 

Prog^eria. — Premature  old  age  in  associ- 
ation with  infantilism  (Gr.  irpo,  and  yipmv,  an 
old  man) ;  geromorphism. 

Prog'lottiS.  See  Parasites  (Cestod.es, 
Tcenia  Soliiim). 

Prognathism.— Marked  projection  of 
the  jaws,  with  small  size  of  the  forehead.  See 
Anthropology. 

PrOg'nOSiS. — The  forecast  of  the  probable 
course  of  a  disease,  and  the  estimation  of  its 
fatal  or  favourable  termination. 

Progrressive  Muscular  At- 
rophy. See  Paralysis  (With  Atrophy  of 
Muscles). 

Progrressive  Pernicious  Anae- 
mia.   See  Anaemia,  Pernicious. 

Projection.  See  Ocular  Muscles, 
Affections  of  (Paralysis,  Faulty  Projection). 

Projection  Areas.  See  Physiology, 
Neuro-Muscular  Mechanism  (Cerebrum,  Flech- 
sig's  Projection  Areas). 

Prolabium. — The  central  prominence  of 
the  lip,  e.g.  in  double  hare-lip.  See  Palate 
(Hare-Lip,  Varieties). 

Prolapse  and  Prolapsus.— Down- 
ward displacement  of  an  organ  or  structure,  e.g. 
the  uterus,  the  umbilical  cord  or  funis,  or  the 
iris.  See  Brain,  Surgery  of  (Hernia  Cerebri) ; 
Gastro-Intestinal  Disorders  of  Infancy  (Pro- 
lapsus Recti) ;  Labour,  Diagnosis  and  Mechan- 
ism (Podulic  Lies,  Prolapse  of  Limbs) ;  Labour,, 
Accidental  Complications  (Prolap)se  of  the  Cord, 
of  Arm,  of  Foot);  Labour,  Obstetric  Operations 
(Fo7-ceps,  Indications,  Prolapsus  Funis) ;  Pelvis, 
Perineum  and  Pelvic  Floor  (Descent  of  tlie 
Pelvic  Floor,  Sacro-Pubic  Hernia) ;  Pelvis,  Per- 
ineum ( Vaginal  Enterocele) ;  Pregnancy,  Affec- 
tions of  Generative  Organs  (Prolapse  of  Gravid 
Uterus) ;  Rectum,  Diseases  of  the  (Procidentia 
Recti). 

Proliferous- — Multiplying  or  reproduc- 
ing ;  e.g.  a  iwoliferous  cyst  (one  in  which  fresh 
growths  are  being  produced  by  the  lining  mem- 
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brane),  proliferous  catarrh  (a  stage  in  the  prog- 
ress of  chronic  hyperti'ophic  catarrh  of  the 
middle  ear),  etc. 

Pl*Olifica,Cy. — The  faculty  of  reproducing 
abundantly ;  the  capacity  of  having  large 
families. 

PfOlig'erOUS. — Containing  an  ovum  or 
germ,  e.g.  the  discus  proligerus  of  the  Graffian 
follicle  of  the  ovary.  See  Generation,  Female 
Organs  of  {Ovary,  Histology). 

Pro-Maternity  Hospital.— A  hos- 
pital or  ward  in  a  hospital  for  the  reception  of 
pregnant  women  suffering  from  some  of  the 
maladies  of  gestation,  e.g.  hyperemesis  gravid- 
arum, albuminuria,  eclampsia,  and  hydramnios  ; 
more  correctly, pre-maternity  hospital.  {See  Brit. 
Med.  Journ..,  I.  for  1901,  p.  813  ;  I.  for  1908, 
p.  65). 

Prominence  or  Prominentia.— 

A  projection,  elevation,  or  protuberance  ;  e.g.  the 
genital  prominence  (in  embryology),  the  pro- 
minentia laryngea  (or  pomum  Adami),  the  pro- 
minentia spiralis  (of  the  membranous  labyrinth), 
etc. 

Promontory. — A  projection,  usually 
more  marked  than  a  prominence  ;  e.g.  the  sacral 
promontory,  the  promontory  of  the  cochlea,  etc. 

Pronation. — The  position  of  the  arm  in 
which  the  palm  of  the  hand  is  directed  back- 
wards, and  the  radius  crosses  over  in  front  of 
the  ulna.  The  muscles  which  by  their  action 
throw  the  arm  into  this  position  are  called 
pronators ;  it  is  the  converse  of  the  position  of 
supination. 

Pronephros. — The  primitive  kidney,  a 
tubular  body  opening  into  the  Wolffian  duct  ; 
it  is  doubtfully  represented  in  the  human 
subject. 

Pronucleus. — The  nucleus  of  the  ovum 
after  maturation  is  termed  the  female  pronucleus, 
while  the  portion  of  the  spermatozoon  which 
enters  the  ovum  in  impregnation  is  named  the 
mnle  pronucleus. 

Pro-oestrum. — in  female  animals  the 
stage  of  preparation  for  the  oestrus  is  termed 
the  pro-oestrum  ;  it  is  regarded  as  corresponding 
to  menstruation  in  the  human  female. 

Proof  Spirit.    See  Alcohol  {Spirits). 

ProotiC— In  front  of  the  ear,  e.q.  the 
prootic  cent7-e  of  ossification  of  the  temporal 
bone. 

Propane.— A  hydrocarbon  (CgHg)  of  the 
paraffin  series ;  methyl-ethyl. 

Propepsin  and  Propeptone.  See 

Physiology,  Food  and  Digestion  {Gastric.) 


Prophase. — The  name  given  to  the  first 
group  of  phenomena  in  mitosis  (division  of  the 
centrosome,  etc.) ;  it  is  followed  by  the  metaphase, 
the  anaj)hase,  and  the  telophase. 

Prophylaxis.  —  Preventive  medicine,  or 
the  prevention  of  disease  by  hygienic  and 
medicinal  means.  See  Cholera  Epidemic  {Pro- 
phylaxis) ;  Lung,  Tuberculosis  of  {Treatment, 
Prophylactic) ;  Muscles,  Diseases  of  {Trichini- 
asis, Prevention) ;  Scurvy,  Infantile  {Treatment) ; 
Smallpox  {Treatment,  Prevention);  Typhoid 
Fever  {Treatment,  Prophylaxis) ;  Yellow  Fever 
{Prophylaxis). 

Propionic  Acid. — One  of  the  acetic 
series  of  acids,  being  ethyl-formic  acid  (CgHgOj), 
pi'oduced  by  the  oxidation  of  propyl  alcohol ; 
proinone,  or  diethyl-ketone  (CjHjqO),  is  used  as  a 
hypnotic  and  sedative. 

Proprietary  Foods  and  Medi- 
cines.— Patented  or  trade-marked  foods  and 
drugs.  See  Infant  Feeding  {Proprietary  Foods) ; 
Prescribing. 

Proprioceptive.  See  Physiology, 
Neuro-Muscular  Mechanism  {Action  of  the 
Neural  Arcs,  Receptors,  Varieties). 

ProptOSiS. — Prolapse  or  protrusion,  e.g. 
proptosis  oculi  (exophthalmos).    See  Prolapse. 

Propylamine.— A  volatile  oil  (C3H9N 

or  C3H-NH.,)  obtained  from  the  destructive  dis- 
tillation of  animal  matters  (bones,  the  cultures 
of  tlie  bacteria  of  fteces) ;  it  has  been  used  in 
the  treatment  of  rheumatism. 

Pro  re  nata. — As  the  emergency  arises, 
or  as  circumstances  call  for ;  the  instructions 
given  when  a  line  of  treatment  or  a  medicine  is 
prepared  in  view  of  the  occurrence  of  symptoms 
not  yet  present.    See  Prescribing. 

PrOSCOlex.  See  Parasites  {Cestodes, 
Taenia). 

Prosector. — One  who  prepares  anatomi- 
cal dissections  for  purposes  of  demonstration  to 
classes  of  students  ;  he  may  be  a  senior  student 
or  a  graduate. 

PrOSencephalO n. — The  fore-brain. 
See  Embryology. 

PrOSOpalg'ia. — Facial  pain  or  neuralgia 
(Gr.  irpoiTunrov,  the  face,  aAyos,  pain).  See 
Nerves,  Neuralgia  {Trigeminal). 

PrOSOpO-. — In  compound  words  2}'>'osopo- 
(Gr.  TrpoawTTov,  the  face)  means  relating  to  the 
face,  or  facial ;  e.g.  prosojMntritis  (inflammation 
of  the  frontal  sinus),  prosopoterata  (monstrosities 
of  which  the  face  is  chiefly  affected),  prosopo- 
dysmorjyhia  (facial  atrophy),  2^^''^^'^P'^^P(''^^^''^^ 
(risus  sardonicus). 
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PrOSOpuS  Varus. — Facial  obliquity  or 
asymmetry,  congenital  or  acquired. 


Prostate  Gland. 

Anatomy  and  Physiology     .       .  .316 
Injuries        ......  316 

Inflammation        .       .       .       .  .316 

(a)  Acute  and  Chronic  of  the  Prostate  316 
(6)  Around  the  Prostate    .        .  .317 

(c)  Abscess  317 

(d)  Urinary  Fistula         .        .  .318 
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Hypertrophy        .       .       .       .  .318 

Tumours  322 

Tuberculosis  .       .       .       .       .  .322 

Cysts  323 

Calculi,  etc.  ......  323 


See  also  Bladder,  Injuries  and  Diseases  op 
{Calculus,  Diagnosis);  Cautery  (Uses  at  White 
Heat);  Cystoscope  (Value);  HvEmaturia; 
Hypertrophy  {Pathological);  Kidney,  Surgical 
Affections  of  {Pyelitis,  Etiology) ;  Micturition 
{F^  'equency) ;  Pyuria  {Diagnosis  of  Origin) ; 
Rectum,  Diseases  of  {Rectal  Symptoms  in 
Prostatitis) ;  Spermatorrhcea  {Causes) ;  Ur- 
ACHUS  {Acquired  Fistula,  Causes). 

The  anatomy  of  the  prostate  gland  may  be 
briefly  refei'red  to.  It  is  a  firm,  glandular 
and  muscular  organ,  weighing  a  little  over 
half  an  ounce.  About  the  size  and  shape 
of  a  horse-chestnut,  it  surrounds  the  neck  of 
the  bladder  and  the  commencement  of  the 
urethra  in  the  male.  Placed  in  the  pelvic 
cavity,  its  base  is  directed  backwards  towards 
the  neck  of  the  bladder,  while  its  apex  presents 
forwards.  The  posterior  and  larger  surface 
rests  upon  the  rectum,  while  the  anterior  and 
smaller  surface  is  flattened,  and  is  marked  by 
a  slight  longitudinal  groove.  The  prostate  is 
divided  into  three  lobes — two  lateral  lobes  and 
one  middle — which  up  to  adult  life  are  hardly 
perceptible.  It  is  perforated  by  the  urethra 
and  the  common  seminal  ducts.  The  prostate 
is  enclosed  in  a  dense  fibrous  capsule  which  is 
continuous  with  the  recto-vesical  fascia  and 
with  the  posterior  layer  of  the  triangular 
ligament.  The  substance  of  the  gland  is  of  a 
pale  reddish  grey  colour,  very  dense  and  friable. 
In  structure  it  is  a  compound  organ,  being 
partly  muscular  and  partly  glandular.  The 
muscular  elements  are  of  the  involuntary  kind, 
and  are  arranged  so  as  to  form  an  external 
layer  within  the  fibrous  capsule  ;  circular  bands 
also  surround  the  urethra,  while  fasciculse  ex- 
tend in  all  directions  through  the  glandular 
substance.  The  adenoid  tissue  is  composed  of 
numerous  small  saccules,  and  these  opening 
into  elongated  canals  terminate  in  excretory 
ducts,  numbei-ing  in  all  from  twelve  to  twenty. 
These  open  upon  the  floor  of  the  urethra,  on 
each  side  of  the  colliculus  seminalis. 

Physiology. — Possessed  of  two  distinct  histo- 


logical elements,  the  gland  has  a  double  function 
to  perform.  The  glandular  structure  secretes 
a  milky  acid  fluid  which  lubricates  the  urethra 
prior  to  the  venereal  orgasm,  and  also  forms  a 
portion  of  the  discharge  emitted  during  the 
sexual  act.  Its  function  is  like  that  of  the  secre- 
tion of  the  vesiculfe  seminales,  namely,  to  dilute 
the  seminal  fluid,  and  so,  by  increasing  its  bulk, 
more  efiiciently  convey  the  semen  within  the 
female  passages.  The  muscular  elements  not 
only  cause  the  prostatic  secretion  to  be  exuded, 
but  also  simultaneously  assist  in  expelling  the 
semen  from  the  seminal  ducts. 

(a)  Injuries  of  the  prostate,  except  by  in- 
struments introduced  along  the  urethra,  are 
not  common.  The  gland  may  be  punctured 
or  lacerated  by  falls,  or  by  being  impaled  on 
spikes  entering  from  the  perinseum,  or  by 
surgical  wounds  ;  but  the  situation  of  the  gland, 
deep  in  the  perinccum,  as  a  rule  protects  it  from 
direct  violence.  After  middle  life,  on  account 
of  the  enlargement  of  the  middle  lobe,  the 
prostate  is  liable  to  injury  by  the  passage  of 
a  catheter.  This  circumstance  should  always 
be  kept  in  view,  as  not  infrequently  the  enlarged 
lobe  is  soft  and  friable,  and  the  employment  of 
force  in  the  use  of  a  metal  catheter  may  readily 
lead  to  perforation  of  this  lobe.  The  symptoms 
of  such  an  injury  do  not  appear  immediately, 
but  a  few  hours  after  its  occurrence  the  patient 
may  complain  of  the  symptoms  of  retention  of 
urine,  and  repeated  attempts  to  empty  the 
bladder  may  fail  to  give  relief,  a  few  drops  of 
blood  only  escaping  by  the  urethra.  Reintro- 
duction  of  the  catheter  may  do  little  good.  A 
small  quantity  of  urine  with  blood-clot  alone 
coming  away.  The  distension  is  not  reduced, 
and  if  prompt  measures  are  not  taken  symptoms 
of  toxic  poisoning  rapidly  set  in,  and  steadily 
increase.  The  tongue  becomes  dry  and  rough, 
the  pulse  full,  rapid,  and  compressible,  respira- 
tion is  accelerated,  the  temperatui'c  rises,  the 
skin  becomes  hot  and  flushed,  and  tlie  lips 
livid. 

Treatment. — The  distension  of  the  bladder 
must  be  relieved  at  once,  not  by  the  passage 
of  instruments  through  the  injured  urethra, 
but  by  supra-pubic  incision,  with  free  drainage 
and  irrigation.  In  wounds  from  without  bleed- 
ing may  be  severe,  and  demand  active  treatment. 
In  such  cases,  provision  having  been  made  for 
the  free  escape  of  urine  either  through  a 
catheter  or  by  supra-pubic  incision  (but  not 
otherwise),  the  perineal  wound  may  be  plugged. 
Or  the  wound  may  be  enlarged  and  the  vessels 
ligatured.  Under  no  circumstances  should 
sutures  be  used  to  close  the  wound,  as  such 
treatment  is  certain  to  promote  sepsis. 

{b)  1.  Inflammation  of  the  Prostate  {Acute 
and  Chronic). — Acute  prostatitis  arises  as  a 
secondary  infective  process  in  cases  of  acute 
inflammation  of  the  bladder  or  of  the  urethra. 
The  most  common  direct  causes  are  inordinate 
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sexual  excitement,  gonorrhoea,  and  gleet,  and 
when  due  to  gonorrhoea  the  symptoms  of 
involvement  of  the  prostate  most  usually  appear 
about  the  fifteenth  day.  The  other  causes  are 
the  employment  of  strong  injections,  the  in- 
ternal administration  of  irritating  drugs,  the 
passage  of  instruments,  the  presence  of  foreign 
bodies  or  of  calculi,  and  mechanical  violence 
applied  to  the  perinseum.  The  inflammatory 
process  may  be  checked,  or  it  may  go  on  to 
suppuration  and  abscess. 

The  symptoms  are  frequent  and  urgent  desire 
to  make  water,  and  after  micturition  the  pain, 
in  place  of  being  relieved,  is  rather  increased. 
It  becomes  very  severe,  throbbing,  and  con- 
tinuous. The  perinseum  is  hot  and  tender, 
there  is  rectal  tenesmus,  and  pain  in  the  back 
and  loins.  Any  movement  of  the  bowels  causes 
distress,  the  anus  is  swollen,  and  lai'ge  hsenior- 
rhoids  forming,  add  materially  to  the  suffering 
of  the  patient.  Retention  of  urine,  necessitat- 
ing the  employment  of  the  catheter,  causes 
excessive  pain.  Constitutional  disturbance  is 
very  marked,  and  even  suppression  of  urine 
may  be  induced  in  the  later  stages.  The  onset 
of  suppuration  is  indicated  by  rigors,  and  its 
actual  occurrence  demonstrated  by  the  ap- 
pearance of  pus  in  the  urine ;  the  portion  which 
comes  away  first  containing  pus,  while  in  the 
last  few  drops  blood  appears. 

Prognosis. — When  acute  prostatitis  is  properly 
treated,  and  abscess  formation  is  prevented, 
recovery  usually  takes  place  in  a  short  time, 
but  in  a  few  instances  the  disease  may  become 
chronic,  and  give  rise  to  chronic  urethral 
discharge. 

The  bowels  having  been  freely  moved  with 
four  grains  of  calomel  and  a  saline,  the  sub- 
sequent treatment  consists  of  rest,  local  bleeding, 
and  hot  applications  to  the  perinseum.  Absolute 
rest  in  bed  must  be  enjoined,  and  from  ten  to 
twenty  leeches  should  be  applied  to  the 
perinseum,  which  has  been  previously  shaved 
and  thoroughly  cleansed.  Local  bleeding,  if 
carried  out  freely,  gives  marked  relief.  Four 
hours  after  the  bleeding  the  patient  should  be 
ordered  a  hot  hip  bath,  and  this  may  be 
repeated  every  four  hours,  and  during  the 
intervals  large  soft  poultices  should  be  applied 
to  the  perineeum,  and  the  patient  wrapt  warmly 
in  bed.  If  the  pain  is  very  severe  a  morphia 
suppository  may  be  given,  and  if  retention  of 
urine  occurs,  a  soft  Coudee  catheter  may  be 
gently  passed. 

Chronic  Prostatitis. — In  cases  of  acute  in- 
flammation of  the  gland  the  inflammatory 
products  may  fail  to  be  absorbed,  leaving 
behind  a  permanent  enlargement  of  the  organ, 
producing  painful  and  frequent  micturition. 
This  form  of  enlargement  is  met  with  in  young 
adults  or  men  in  middle  life,  and  is  sometimes 
accompanied  by  sexual  hypochondriasis  and 
diminished  power  to  expel  the  urine  from  the 


bladder.  The  urine  usually  contains  muco- 
purulent shreds,  and  at  the  end  of  the  flow  a 
few  drops  of  blood  may  escape.  Examination 
per  rectum  generally  shows  some  enlargement 
or  tenderness  of  the  prostate,  and  on  the 
introduction  of  the  bougie  into  the  urethra 
the  passage  is  found  to  be  unduly  sensitive, 
and  before  the  instrument  enters  the  bladder 
it  meets  with  a  distinct  sense  of  resistance  in 
the  situation  of  the  neck.  The  treatment  con- 
sists of  the  passage  of  steel  bougies,  the  use 
of  injections,  the  application  of  counter  irritants, 
and  the  administration  of  tonics.  A  number 
twelve  Lister's  steel  bougie  should  be  passed 
morning  and  evening.  This  treatment  should 
be  kept  up  for  six  weeks  if  necessary,  and  at 
the  same  time  small  blisters  should  be  applied 
to  the  perinseum.  If  in  this  time  no  distinct 
improvement  has  taken  place,  a  solution  of 
nitrate  of  silver  (4  per  cent)  may  be  applied 
to  the  prostatic  urethra,  through  the  endoscope, 
or  other  efficient  instrument.  Three  or  four 
such  applications  may  be  required.  Constitu- 
tional treatment  must  also  be  employed.  In 
persons  of  full  habit,  four  grains  of  blue  pill 
may  be  given  twice  a  week,  and  followed  by 
a  saline,  and  a  course  of  tonic  treatment  should 
also  be  recommended.  Iron,  arsenic,  and  quinine 
may  be  prescribed,  and  along  with  good  plain 
diet,  pure  air,  moderate  walking,  but  no  riding 
exercise,  and  abstinence  from  all  kinds  of 
excitement  generally  effect  a  cure. 

2.  Periprostatitis. — In  acute  inflammation  of 
the  gland  the  infective  process  may  extend  to 
the  periprostatic  cellular  tissue,  and  when  this 
occurs  the  disease  generally  goes  on  to  suppura- 
tion, but  in  a  few  instances  the  disease  involves 
the  tissue  around  the  prostate  in  the  first  in- 
stance, and  only  invades  the  gland  later  on. 

3.  Abscess  of  the  Prostate. — Whether  or  not 
acute  prostatitis  culminates  in  abscess  depends 
upon  the  virulence  of  the  infective  material, 
the  constitutional  resisting  power  of  the 
individual  attacked,  and  the  treatment  adopted 
by  the  surgeon  in  the  early  stages  of  the 
malady.  When  left  to  nature  acute  prostatitis 
may  result  in  the  formation  of  an  abscess 
within  four  days  of  the  onset  of  the  symptoms, 
or  suppuration  may  be  delayed  for  ten  to  twelve 
days.  The  most  prolific  cause  of  abscess  is  the 
misuse  of  the  catheter.  The  formation  of  an 
abscess  may  be  suspected  when  the  symptoms 
of  acute  prostatitis  become  suddenly  aggravated, 
accompanied  by  rigors  and  a  distinct  rise  in 
temperature.  When  the  abscess  has  formed 
fluctuation  may  be  felt  per  rectum  or  by 
pressure  on  the  perinseum.  However  gently 
the  examination  may  be  conducted  it  causes 
the  patient  great  pain.  Much  suffering  is  also 
occasioned  during  micturition  and  defsecation. 
The  abscess  if  left  alone  may  rupture  in  one  of 
several  directions.  The  pus  may  infiltrate  the 
perinseum  and  rupture  externally  or  into  the 
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rectum  ;  it  may  escape  by  the  urethra,  perforate 
the  wall  of  the  bladder,  or  penetrating  outside 
the  walls  of  that  viscus  it  may  evacuate  itself 
into  the  cavity  of  the  peritonseum. 

Symptoms  of  acute  abscess  have  been  already 
indicated,  but  those  of  chronic  abscess  are  often 
insidious  in  their  onset,  and  the  progress  of 
the  disease  is  slow.  Not  infrequently  the 
suppuration  arises  in  old  neglected  cases  of 
stricture  of  the  urethra  in  cases  where  the 
prostate  is  hypertrophied  or  where  the  catheter 
has  been  improperly  used.  Prostatic  calculus 
may  also  excite  the  formation  of  chronic  abscess. 
Prognosis. — In  acute  abscess  the  outlook  is 
usually  favourable,  but  the  formation  of  a 
chronic  abscess  is  always  a  serious  matter,  and 
may  lead  to  complete  destruction  of  the  gland, 
which  is  replaced  by  a  pus-forming  sac,  and  the 
patient  suffers  from  fever,  emaciation,  and  not 
infrequently  exhaustion  from  septic  poisoning 
aids  to  a  fatal  termination.  The  treatment,  as 
soon  as  fluctuation  can  be  made  out,  is  free 
incision  in  the  middle  line  and  drainage.  Small 
incisions  opening  into  the  bowel,  or  aspiration, 
deserve  and  meet  with  no  success. 

4.  Urinary  fistula  not  infrequently  follows 
the  opening  of  a  chronic  prostatic  abscess, 
especially  if  the  patient  has  an  old  urethral 
stricture.  These  fistulous  openings  are  often 
difficult  to  heal.  The  first  indication  as  to 
treatment  is  to  relieve  the  stricture,  and  when 
this  has  been  accomplished  the  patient  should 
be  taught  to  use  a  soft  rubber  catheter  at 
regular  intervals  until  urine  ceases  to  escape 
by  the  fistula. 

(c)  Atrophy  of  the  pjrostate  is  occasionally 
met  with  in  old  age,  and  in  those  in  whom  the 
sexual  desires  are  feebly  developed,  in  eunuchs, 
and  in  those  who  have  been  deprived  of  their 
testicles  by  disease.  The  condition  does  not 
give  rise  to  any  symptoms,  and  is  of  little 
surgical  importance. 

{d)  Hypertrophy  of  the  prostate  pertaining  to 
old  age  is  by  a  long  way  the  most  common  and 
the  most  important  lesion  of  the  prostate  met 
with  in  surgical  practice.  Clinically,  the 
enlargement  of  the  gland  is  the  important  fact. 
The  special  structural  features  are  of  secondary 
concern.  The  enlargements  of  the  prostate  in 
those  of  advanced  years  have  been  divided 
pathologically  according  to  the  structural 
changes  observed.  By  far  the  most  serious 
change  in  old  age  is  the  increase  in  the 
muscular  elements,  together  with  fibrosis  of  the 
organ.  This  hyperplasia  exists  in  about  30  per 
cent  of  men  over  60  years  old,  and  is  seldom 
met  with  in  those  under  the  age  of  50.  Not 
only  may  the  muscular  structures  increase  in 
bulk,  but  in  a  few  instances  there  may  be  also 
an  augmentation  of  the  glandular,  so  that  we 
may  have  an  adenoma  of  the  prostate.  The 
lesion  of  old  age  is  a  fibrosis  and  muscular 
hyperplasia  in  almost  all  cases. 


A  true  hypertrophy  is  unknown,  but  as  in 
all  glandular  organs  so  also  in  the  prostate, 
occasionally  adenomata  may  be  found.  In 
so-called  "  hypertrophy "  of  the  prostate  the 
progress  of  the  disease  is  slow,  and  as  a  rule 
those  who  have  led  sedentary  lives  are  more 
liable  to  an  attack,  but  beyond  this  fact  little 
is  known  regarding  the  etiology  of  the  malady. 
Many  predisposing  causes  have  been  named, — 
syphilis,  urethral  stricture,  gout,  rheumatism, 
vesical  calculus,  etc., — but  their  influence  as 
etiological  factors  has  not  been  proved,  beyond 
the  circumstance  that  they  induce  a  passive 
hyperajmia  of  the  lower  urinary  tract.  It  is  a 
circumstance  worthy  of  note  that  men  who 
have  been  deprived  of  their  testicles  by  opera- 
tion, accident,  or  disease,  never  have  enlarged 
prostates.  This  enlargement  of  the  prostate 
diff"ers  from  hypertrophy  of  all  other  organs 
excepting  the  uterus  in  the  fact  that  the  onset 
docs  not  coincide  with  the  period  of  greatest 
functional  activity  of  the  gland,  and  an  increase 
in  bulk  is  not  due  to  an  augmentation  of  its 
active  elements.  Structurally,  the  change  in 
many  respects  resembles  a  fibrosis  due  to 
passive  hypersemia,  and  therefore  is  comparable 
to  the  analogous  enlargement  of  the  uterus 
(fibro-myoma).  The  prostate  may  enlarge 
uniformly  and  attain  considerable  dimensions 
without  causing  much  discomfort  to  the  patient. 
On  the  other  hand,  without  any  great  general 
enlargement,  there  may  be  a  local  increase  in 
bulk  of  the  middle  lobe  only.  The  effects  of 
this  are  sometimes  very  marked.  The  middle 
lobe  projects  upwards,  at  the  neck  of  the 
bladder,  and  may  act  like  a  valve  to  the  orifice 
of  the  urethra.  Or  the  urethra  may  be  pushed 
upwards  and  forwards  so  that  on  section  the 
canal  is  of  crescentic  form  with  the  concavity 
looking  downwards.  When  the  hypertrophy 
is  general  the  prostatic  portion  of  the  urethra, 
which  normally  measures  1^  inches,  may 
be  extended  in  length  to  4  inches,  and  the 
weight  of  the  gland  from  being  a  little  over 
half  an  ounce  may  be  increased  to  10  ounces. 
When  the  prostate  weighs  more  than  7  drachms 
it  may  be  described  as  abnormal  in  size. 

The  symptoms  of  hypertrophy  of  the  prostate 
depend  upon  the  nature  and  the  position  of 
the  new-formed  tissue.  When  the  hyperplasia 
uniformly  involves  the  whole  organ  a  con- 
siderable period  may  elapse  between  the  onset 
of  the  disease  and  the  evidence  of  its  presence. 
While  on  the  other  hand  if  the  growth  involves 
the  middle  lobe  only,  there  may  be  the  occur- 
rence of  marked  symptoms  before  much  enlarge- 
ment of  the  gland  can  be  made  out  by  digital 
examination  per  rectum.  The  first  indication 
of  increase  in  the  size  of  the  prostate  gland  is 
a  diminution  in  the  force  by  which  the  urine 
is  expelled,  then  micturition  becomes  more 
frequent,  and  the  relief  given  by  the  act  is 
incomplete.    Should  any  undue  accumulation 
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occur,  as  after  prolonged  sleep,  or  after  taking 
a  large  amount  of  stimulants,  the  bladder  finds 
difficulty  in  expelling  the  accumulated  urine. 
In  place  of  being  emptied  by  one  act  frequent 
calls  are  made  within  a  short  period,  and  even 
the  repeated  efforts  are  not  altogether  successful. 
The  inconvenience  arising  from  frequent 
micturition  and  incomplete  relief  after  the  act 
in  voiding  the  bladder  are  at  first  trivial,  but 
as  the  obstruction  increases  the  functions  of  the 
bladder  become  more  and  more  impaired,  in 
spite  of  a  compensatory  hypertrophy  of  the 
muscular  wall  of  the  bladder  developed  in  order 
to  increase  the  expulsive  force.  Sleep  is  dis- 
turbed by  frequent  calls  to  pass  urine,  the 
efforts  to  micturate  become  more  ineffective, 
and  the  relief  to  the  bladder  less  complete. 
That  vise  us  gradually  becomes  dilated,  and 
habitually  fails  to  empty  itself,  a  portion  only 
of  its  contents  being  expelled  at  each  act  of 
micturition  ;  the  patient  complains  of  obscure 
pains  in  the  perinfeum,  the  rectum,  and  the 
neck  of  the  bladder.  In  some  instances  the 
pain  may  extend  down  one  or  other  great  sciatic 
nerve ;  he  observes  that  the  stream  of  urine 
becomes  smaller,  and  the  force  by  which  it  is 
expelled  gradually  less.  Micturition  does  not 
commence  at  will ;  increased  efforts  occasionally 
cause  escape  of  the  contents  of  the  bowel.  As 
a  consequence  of  continued  straining  of  the 
parts,  hernia,  hajmorrhoids,  or  even  prolapse  of 
the  rectum  may  be  induced,  and  passive  hyper- 
gemia  resulting  from  increased  resistance  to  the 
venous  return  may  cause  erections  unassociated 
with  sexual  desire. 

If  these  difficulties  consequent  upon  inter- 
ference with  the  mechanism  of  micturition  are 
not  relieved  by  art,  the  pressure  which  has  been 
exerted  to  void  urine  induces  dilatation  of  the 
bladder,  and  in  old-standing  cases  may  cause 
sacculation  of  that  viscus.  Bi-lateral  hydro- 
nephroses and  dilatation  of  the  ureters  follow  as 
a  natural  consequence  of  the  pressure  being  re- 
flected backwards,  but  the  distension  is  not 
always  equal  on  the  two  sides.  On  account  of 
these  structural  changes  the  functions  of  the 
bladder  and  kidneys  show  evidence  of  failure. 
The  bladder  remains  habitually  filled,  only  the 
sui'plus  urine  escaping  at  micturition.  During 
the  unconsciousness  of  sleep,  to  the  patient's 
great  discomfort,  the  urine  passes  more  freely, 
and  he  is  said  to  be  suffering  from  "inconti- 
nence," a  term  which  may  be  used  if  its  exact 
clinical  significance  is  appreciated,  but  it  is 
essentially  faulty  in  the  sense  that  it  does  not 
describe  the  condition  present.  The  bladder 
contains  too  much  urine ;  the  "  incontinence " 
applies  only  to  the  overflow.  The  patient's 
general  health  steadily  deteriorates,  and  if  left 
unrelieved  by  surgical  treatment  acute  and 
critical  symptoms  may  develop  at  any  moment, 
and  may  be  induced  by  the  most  trivial  cause. 
Long-standing  urinary  embarrassment  renders 


the  organs  involved  specially  liable  to  septic 
infection,  which  may  take  place  independently 
of  the  use  of  instruments.  But  the  fact  cannot 
be  overlooked  that  in  many  instances  the  symp- 
toms of  toxic  poisoning  closely  follow  upon  the 
first  use  of  the  catheter.  After  sepsis  has  been 
induced  the  natural  course  of  events  is  usually 
very  rapid.  Let  it  be  accepted  that  the  patient 
has  not  been  relieved  by  the  surgeon  in  the 
early  progress  of  the  disease.  The  j^i'ostatic 
obstruction  that  induced  hypertrophy  of  the 
walls  of  the  bladder  in  the  early  stage,  as  the 
disease  advances,  also  causes  dilatation  and 
atrophy  of  the  mviscular  elements.  Following 
there  may  also  be  sacculation  of  the  bladder, 
dilatation  of  the  ureters  and  pelves  of  the 
kidneys.  The  urine  is  acid,  pale  in  colour, 
deficient  in  urea,  and  may  contain  a  little 
albumin.  The  patient  is  feeble,  his  appetite  is 
poor,  and  his  urinary  troubles  are  as  they  have 
been  for  months.  After  drinking  rather  heavily, 
or  after  returning  from  a  fatiguing  journey,  he 
becomes  "  chilled,"  and  goes  to  bed.  Early 
the  following  morning  he  finds  that  he  is  unable 
to  pass  water,  and  no  relief  follows  the  remedies 
he  is  accustomed  to  use.  Retention  of  urine  is 
complete,  and  for  the  first  time  a  catheter  is 
passed.  In  the  afternoon  and  evening  he  has 
several  severe  rigors,  his  temperature  rises 
rapidly,  the  pulse  is  full,  bounding,  and  rapid, 
the  respirations  are  shallow  and  augmented 
in  number,  the  tongue  is  dry  and  the  lips 
parched.  The  skin  is  moist  and  soft.  The  urine 
now  drawn  off,  in  place  of  being  clear  and  acid, 
contains  some  blood,  is  slightly  opaque,  and 
has  a  pungent  odour.  Next  morning  the 
urine  is  distinctly  alkaline,  and  contains  urea- 
decomposing  organisms,  such  as  staphylo  - 
coccus  pyogenes  aureus  and  S.  pyogenes 
albus.  The  tongue  becomes  dry  and  brown, 
the  skin  pale  in  colour,  the  quantity  of 
urine  secreted  is  diminished ;  later  on  diar- 
rhoea sets  in,  the  patient's  temperature  rises 
to  102°  or  103°  F.,  and  then  follow  the 
symptoms  of  suppression  of  urine  with  septic 
intoxication. 

When  septic  infection  occurs  at  an  earlier 
stage  in  the  disease  the  progress  of  events  is  not 
so  rapid.  The  symptoms  point  to  subacute 
cystitis  with  decomposition  of  urea  prior  to 
evacuation.  ((S'ee  "Bladder,"  vol.  i.  p.  387.) 
The  urine,  from  being  clear  and  acid  in  reaction, 
slowly  becomes  turbid.  The  reaction  passes 
from  acid  to  neutral,  then  gradually  becomes 
alkaline,  offensive  in  odour,  and  later  on  dis- 
tinctly ammoniacal.  Symptoms  of  cystitis 
slowly  develop,  and  the  urinary  difficulties 
steadily  increase,  the  inflamed  bladder  being 
less  able  to  contend  with  the  urethral  obstruc- 
tion. Infection  gradually  extends  from  the 
bladder  to  the  ureters  and  kidneys.  The  general 
health  becomes  steadily  impaired,  slight  feverish 
attacks  occur  at  intervals,  and  toxic  poisoning 
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from  septic  infection  and  suppression  of  urine 
bring  about  the  end. 

The  diagnosis  in  the  early  stage  of  the  disease 
should  depend  entirely  upon  a  careful  considera- 
tion of  the  symptoms,  and  a  digital  examination 
of  the  gland  through  the  rectum.  This  can  be 
done,  in  the  first  instance,  without  the  employ- 
ment of  a  bougie  or  sound  passed  into  the 
urethra.  Familiar  with  the  palpation  of  the 
normal  prostate  as  regards  situation,  size,  form, 
and  consistence,  the  surgeon  can  readily  detect 
by  the  finger  alone  a  departure  from  health. 
On  pressing  the  finger  forwards  in  the  middle 
line,  in  place  of  the  soft  yielding  coats  of  the 
bladder  he  finds  in  hypertrophy  of  the  gland 
a  distinct  firmness.  Then  examining  to  right 
and  left  he  can  ascertain  whether  or  not  the 
hypertrophy  is  limited  or  general,  or  regular  or 
uniform,  whether  it  is  solid  or  contains  fluid. 
The  degree  of  pain  and  discomfort  which  the 
examination  occasions  is  an  important  guide. 
In  hypertrophy,  unless  when  there  is  some 
rectal  complication,  the  sufi:ering  is  slight, 
whereas  in  enlargement  due  to  inflammation, 
to  malignant  disease,  or  to  tuberculous  aff'ec- 
tions,  extreme  pain  will  be  caused  by  the  pres- 
sure of  the  finger.  In  acute  inflammation  the 
introduction  of  the  finger  will  be  resisted,  and 
the  parts  will  be  found  soft  and  heated  as  well 
as  swollen.  The  prudent  surgeon  will  avoid 
examination  with  the  bougie  as  long  as  possible, 
unless  symptoms  of  stone  in  the  bladder  demand 
attention,  or  the  history  of  the  case  points  to 
cicatricial  stricture  of  the  urethra.  In  the 
latter  condition  the  obstruction  is  lower  down 
than  in  that  produced  by  an  enlarged  prostate. 
It  is  encountered  within  7  inches  of  the  meatus, 
whereas  in  hypertrophy  the  obstruction  is 
beyond  7  or  8  inches,  and  before  a  sound  can 
reach  the  bladder  the  handle  must  be  deeply 
depressed  between  the  legs  of  the  patient ; 
moreover,  cicatricial  stricture  is  most  frequently 
found  in  the  membranous  portion  of  the  urethra, 
and  occurs  before  or  during  middle  life.  In 
vesical  calculus  the  pain  is  more  severe,  is  in- 
creased at  the  end  of  micturition  and  by  active 
exercise  or  jolting,  diminishes  by  rest  in  bed, 
and  is  associated  with  frequent  hsematuria.  In 
calculus  the  pain  and  frequent  micturition  are 
most  troublesome  during  the  day,  whereas  in 
hypertrophy  of  the  prostate  the  urinary  diffi- 
culties are  most  marked  at  night.  Phosphatic 
calculus  and  enlarged  prostate  frequently  coexist, 
and  the  use  of  the  sound  can  alone  clear  up  the 
diagnosis.  Vesical  tumours  are  attended  by 
intermittent  and  unprovoked  attacks  of  severe 
hjematuria,  and  in  the  early  stage  of  the  disease 
not  preceded  or  accompanied  by  pain  unless 
clots  form  and  obstruct  the  escape  of  urine. 
Fragments  of  the  tumour  may  be  discovered  in 
the  urine.  In  the  later  developments  of  the 
malady  the  tumour  may  come  to  involve  the 
neck  of  the  bladder  and  impede  the  passage  ; 


pain  then  becomes  a  prominent  symptom.  Ex- 
amination 7Jer  rectum  usually  clears  up  the 
diagnosis.  In  malignant  disease  the  swelling 
is  less  regular  in  form,  and  occasions  the  patient 
much  pain.  Haematuria  becomes  profuse  and 
continuous,  anaemia  becomes  marked,  and  rapid 
emaciation  occurs,  and  the  inguinal  lymphatic 
glands  become  enlarged. 

In  atony  of  the  bladder  retention  is  the 
marked  symptom,  but  here  the  catheter  passes 
without  meeting  with  obstruction,  and  rectal 
examination  shows  that  the  prostate  is  not 
enlarged.  This  is  also  observed  in  paralysis  of 
the  bladder,  but  it  is  always  associated  with 
paralysis  of  the  lower  extremities. 

With  respect  to  treatment  one  important  fact 
must  be  accepted,  namely,  that  its  success  or 
failure  depends  upon  the  disease  being  recog- 
nised early  and  promptly  treated.  As  soon  as 
the  enlargement  of  the  prostate  prevents  the 
patient  from  completely  emptying  his  bladder 
his  "  catheter  life  "  should  begin.  The  catheter, 
when  used  thus  early,  is  a  safe  and  useful  in- 
strument, but  when  its  employment  is  delayed 
until  secondary  changes  have  taken  place  in 
the  bladder  and  kidneys,  however  careful  the 
surgeon  may  be,  its  use  is  attended  with  much 
danger.  It  is  often  very  difficult  to  make  a 
patient  understand  that  the  habitual  use  of  the 
catheter  is  necessary  in  the  early  stages.  The 
only  troubles  he  has  are  frequent  micturition,  a 
sense  of  imperfect  relief,  and  some  feeling  of 
weight  and  tenderness  at  the  neck  of  the 
bladder.  To  relieve  this,  is  he  to  submit  him- 
self to  the  regular  use  of  the  catheter'?  Yes, 
certainly.  Not  simply  to  promote  his  imme- 
diate comfort,  but  rather  to  save  him  from  the 
otherwise  inevitable  distressing  complications 
which  follow  unrelieved  prostatic  obstruction. 
The  treatment  must  be  regulated  according  as 
the  secondary  complications  are  just  beginning 
or  are  advanced.  Take  the  former  instance 
first.  A  patient,  a  man  over  fifty  years  of  age, 
consults  the  surgeon  and  complains  of  frequent 
micturition  and  imperfect  relief  after  the  act ; 
he  has  some  pain  occasionally,  but  it  is  never 
distressing.  His  general  health  is  good,  and 
beyond  the  urinary  symptoms  he  has  little  to 
complain  of.  After  satisfying  himself  by  a 
rectal  examination  that  the  prostate  is  enlarged, 
the  surgeon  must  next  ascertain  if  the  bladder 
is  being  completely  emptied,  and  this  can  only 
be  done  by  passing  a  catheter.  To  do  this 
safely  certain  precautions  must  be  taken  in  the 
first  instance,  that  is  to  say,  until  the  amount 
of  the  residual  urine  is  known.  To  begin  with, 
the  surgeon  should  avoid  making  an  examina- 
tion in  his  consulting-room.  Send  the  patient 
home  with  instructions  to  go  to  bed,  and  when 
the  surgeon  visits  him  the  patient  is  instructed 
to  pass  as  much  urine  as  he  can  by  natural 
effort ;  then,  all  precautions  having  been  taken 
to  avoid  sepsis,  a  soft  gum-elastic  catheter  is 
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gently  passed  while  the  patient  is  in  the  erect 
posture.  The  quantity  of  water  (residual  urine) 
which  comes  away  is  a  tolerably  safe  guide  in 
estimating  the  stage  of  the  disease  and  the 
secondary  complications  to  which  it  has  given 
rise.  The  patient  should  be  ordered  2  grains 
of  quinine,  a  hot  hip  bath,  and  be  instructed  to 
remain  in  bed  till  he  is  seen  by  the  surgeon  on 
the  following  morning.  How  often  the  catheter 
will  require  to  be  used  depends  upon  the 
amount  of  the  residual  urine,  but,  as  a  rule, 
it  is  well  to  completely  empty  the  bladder 
every  evening  at  bedtime.  On  the  other  hand, 
suppose  the  patient  has  not  sought  surgical 
advice  until  the  disease  is  far  advanced  and 
complete  retention  has  occurred,  the  method  of 
procedure  is  somewhat  different,  and  the  risks 
involved  are  much  greater.  The  greatest  care 
must  be  taken  against  septic  infection,  as  all 
the  conditions  favourable  to  rapid  invasion  are 
present  in  the  urinary  tract.  The  distended 
bladder  must  be  emptied  very  slowly.  This 
can  be  carried  out  by  a  syphon  arrangement, 
by  which  only  2  or  3  ounces  of  urine  are  per- 
mitted to  escape  per  hour.  The  bladder  should 
in  this  way  be  completely  emptied  in  twenty- 
four  hours,  when  the  catheter  may  be  with- 
drawn, unless  great  difficulty  was  experienced 
in  introducing  it  from  irregularities  of  the 
urethra  or  from  false  passages.  These  circum- 
stances, therefore,  alone  justify  tying  in  a 
catheter.  The  practice,  although  often  con- 
venient for  the  surgeon,  greatly  increases  the 
danger  of  sepsis.  In  cases  where  the  retention 
is  sudden  or  attended  by  acute  symptoms,  supra- 
pubic drainage  must  be  resorted  to.  Suprapubic 
aspiration  may  be  useful  occasionally  in  order 
to  render  temporary  relief. 

The  medical  treatment  consists  in  the  ad- 
ministration of  mild  laxatives,  careful  regulation 
of  diet,  and  the  administration  of  boracic  acid 
or  urotropin  may  be  resorted  to  if  there  is  a 
tendency  to  the  urine  becoming  alkaline  or  if 
septic  infection  has  occurred.  In  the  latter 
instance  it  may  also  be  necessary  to  wash  out 
the  bladder  regularly  with  a  mild  antiseptic  solu- 
tion, and  after  the  bladder  has  been  cleansed, 
a  drachm  of  a  solution  of  nitrate  of  silver  (2  per 
cent)  may  be  introduced  and  allowed  to  remain. 
The  patient  should  be  instructed  to  avoid  horse- 
riding,  excess  of  food  or  alcohol,  sexual  excite- 
ment, sudden  changes  in  temperature,  or  undue 
fatigue. 

Radical  treatment  may  be  carried  out  in 
three  different  ways — 

(1)  Castration; 

(2)  Vasectomy ;  and 

(3)  Prostatectomy. 

The  relationship  of  the  growth  of  the  prostate 
to  the  condition  of  the  testicles  has  been  referred 
to  already,  and  the  analogy  between  uterine 
fibromyoma  and  prostatic  enlargement  has  also 
been  pointed  out.     Keeping  these  points  in 
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view  and  noting  the  effect  that  the  operation 
of  oophorectomy  has  in  reducing  the  size  of  the 
uterine  fibroid.  Professor  White,  of  Philadelphia, 
was  the  first  to  suggest  castration  with  the  view 
to  produce  atrophy  of  the  enlarged  prostate^ 
and  thereby  restore  to  natural  micturition. 
Although  this  method  of  treatment  has  been 
successful  in  a  few  instances,  it  has  not  proved 
itself  to  be  uniformly  so,  and  in  a  certain  pro- 
portion of  cases  serious  mental  derangement 
has  followed  complete  castration,  in  some  in- 
stances amounting  to  helpless  imbecility.  In 
order  to  avoid  the  possibility  of  such  a  calamity 
the  operation  of  vasectomy  has  been  proposed 
and  carried  out  by  Guy  on  and  Harrison.  The 
operation  is  devoid  of  risk,  and  the  results  are 
said  to  be  satisfactory. 

Ligature  of  the  arteries  supplying  the  testicles 
not  only  causes  atrophy  of  these  glands,  but  it 
also  induces  a  decrease  in  the  size  of  the  en- 
larged prostate.  For  the  operation  of  vasectomy 
general  anaesthesia  is  not  required,  cocain  is 
sufficient.  The  vas  deferens  is  easily  isolated 
by  the  finger  as  it  enters  the  abdominal  ring. 
At  this  point  an  incision  is  made  and  the  vas 
exposed  to  view.  Each  cord  should  be  divided 
and  ligatured,  and  the  whole  operation  should 
be  performed  with  as  little  disturbance  to  the 
parts  as  possible,  and  with  strictly  aseptic  pre- 
cautions. The  patient  is  often  very  restless, 
liable  to  displace  the  dressings  and  contaminate 
them  with  dribbling  urine,  so  it  is  well  to  care- 
fully adjust  the  edges  of  the  wound  with 
sutures,  and  seal  with  collodion  in  addition  to 
dressings  applied.  The  writer  has  found  this 
mode  of  treatment  very  successful,  especially  in 
cases  of  rapid  enlargement  of  the  prostate. 

Excision  of  the  prostate  in  whole  or  in  part 
for  the  removal  of  prostatic  obstruction  and  pre- 
servation of  the  expulsive  power  of  the  bladder 
has  not  proved  very  successful.  Whether  pros- 
tatectomy is  or  is  not  a  justifiable  operation 
has  been  gravely  questioned  by  many  surgeons, 
while  only  a  few  advocate  its  use.  Certainly  it 
should  not  be  employed  except  in  cases  which 
have  proved  intractable  to  careful  and  prolonged 
catheter  treatment,  and  considering  the  high 
mortality  which  attends  the  operation  it  should 
not  be  undertaken  without  the  patient's  know- 
ledge of  the  risks  involved. 

The  cases  which  are  suitable  for  prostat- 
ectomy are  those  in  which  the  enlargement  is 
intravesical  rather  than  rectal,  and  certainly  the 
most  favourable  of  all  cases  are  those  where  a 
more  or  less  pedunculated  outgrowth  has  formed 
in  the  middle  lobe.  In  such  cases  prostatectomy 
is  an  operation  of  value,  but  in  sessile  growths 
and  in  annular  formations  surrounding  the  neck 
of  the  bladder  like  a  collar  little  good  can  be 
expected  from  an  operation.  How  is  the  surgeon 
to  know  the  exact  condition  present  1  A  cysto- 
scopic  examination  is  almost  impossible ;  the 
alternative  is  suprapubic  incision,  but  this  can 

21 


322 


PROSTATE  GLAND 


be  employed  only  when  the  bladder  is  free  from 
cystitis  and  capable  of  distension. 

Much  has  been  written  on  the  relative  ad- 
vantages of  the  perinseal,  the  suprapubic,  and 
the  combined  methods.  The  first  mentioned 
has  the  drawback  of  giving  very  little  room, 
■and  the  operation  requires  to  be  performed 
almost  entirely  in  the  dark  ;  but,  on  the  other 
hand,  it  aflbids  good  drainage,  it  alone  is 
applicable  to  cases  of  chronic  cystitis  with  con- 
tracted bladder,  and  it  is  the  most  suitable 
operation  when  the  patient  is  feeble  and  a  pro- 
longed procedure  is  inadvisable. 

In  those  cases  where  the  bladder  can  be  well 
distended  the  suprapubic  operation  should  be 
employed.  It  is  a  safe  one,  and  should  the 
surgeon  fail  to  reach  the  growth  from  the  front 
he  may  i-esort  to  the  combined  method.  Open- 
ing the  bladder  in  front,  the  interior  of  the  viscus 
may  be  explored  by  the  finger,  and  at  the  same 
time,  using  a  forehead  mirror,  reflected  light 
enables  the  parts  to  be  cleai-ly  seen,  and  admits 
of  the  operation  being  performed  with  precision 
and  completeness.  When  the  enlargement  of 
the  prostate  is  due  to  a  passive  hyperemia 
free  suprapubic  drainage  alone  gives  marked 
relief ;  the  functional  activity  of  the  bladder 
being  placed  in  abeyance,  the  nutritive  activity 
of  the  parts  also  becomes  lessened,  and  marked 
diminution  of  the  gland  may  result. 

(e)  Simple  tumours  of  the  prostate  are  very 
rare.  They  include  the  myomata  and  adeno- 
mata. The  former  resemble  in  appearance 
hypertrophy  of  the  gland,  and  differ  in  the 
circumstance  that  the  growth  is  not  limited  to 
those  of  advanced  years.  The  true  adenomata 
of  the  prostate  is  encapsuled  and  occurs  mostly 
in  young  men. 

(/)  Malignant  turnours  of  the  prostate,  "  car- 
cinoma "  and  "  sarcoma,"  affect  the  two  extremes 
of  life,  childhood  and  old  age.  They  as  a  rule 
appear  before  the  seventh  year  or  after  the 
sixtieth  year,  but  are  very  rare  either  as  primary 
or  as  secondary  formations.  In  childhood  the 
disease  is  generally  sarcomatous  in  its  nature ; 
its  growth  is  visually  very  rapid,  the  course  of 
the  malady  seldom  extending  over  eight  or  nine 
months.  The  carcinomata,  on  the  other  hand, 
are  more  prevalent  in  old  age.  This  lesion 
primarily  attacks  the  glandular  structures  in 
one  lobe,  and  from  the  original  centre  rapidly 
spreads  until  the  whole  gland  is  displaced  by 
the  morbid  growth.  It  may  then  rupture  the 
firm  fibrous  capsule  of  the  prostate  and  invade 
the  surrounding  tissue.  This  is,  however, 
seldom  the  case,  as  usually  when  left  to  nature 
the  urinary  symptoms  are  so  severe  that  the 
patient  succumbs  before  that  stage  is  reached. 
The  symptoms  of  malignant  disease  in  children 
are  so  characteristic  that  there  is  little  difficulty 
in  distinguishing  it  from  other  maladies,  but  in 
the  disease  as  it  attacks  the  aged  the  inexperi- 
enced surgeon  is  apt  to  be  misled.    In  children 


the  marked  feature  is  persistent  and  steadily 
increasing  haematuria,  the  blood  coming  away 
most  copiously  at  the  end  of  micturition,  often 
at  first  unassociated  with  pain,  but  as  the  dis- 
ease advances  symptoms  of  diminished  expulsive 
power  combined  with  those  of  cystitis  declare 
themselves.  In  the  malignant  disease  of  old 
age  the  early  symptoms  are  so  similar  to  those 
of  ordinary  hypertrophy  that  there  is  much 
danger  of  the  rarer  malady  being  mistaken  for 
the  commoner  one.  In  malignant  disease,  how- 
ever, hsematuria  and  pain  are  early  symptoms, 
and  the  latter  is  independent  of  obstruction  to 
the  escape  of  urine.  The  course  of  the  disease 
is  very  rapid,  and  on  rectal  examination  a  hard 
nodulated  mass,  which  is  very  tender  to  the 
touch,  can  be  detected.  Soon  the  tumour  softens 
and  fungates,  the  urine  presents  a  peculiar, 
disagreeable  odour  and  becomes  septic.  Acute 
cystitis  is  set  up,  haemorrhages  are  more  frequent 
and  more  profuse,  the  symptoms  of  obstruction 
rapidly  develop,  the  sufferings  of  the  patient  are 
intensified  day  by  day,  anaemia  and  emaciation 
become  marked,  and  the  patient  gradually  sinks 
from  exhaustion  or  dies  from  toxic  poisoning. 

Treatment  is  only  palliative ;  to  remove  the 
tumour  with  success  is  practically  impossible. 
The  administration  of  opiates  in  some  form,  and 
suprapubic  drainage  give  relief  to  pain  and 
prolong  life. 

The  suprapubic  operation  is  best  performed 
in  two  stages.  The  bladder  being  first  stitched 
to  the  abdominal  wall,  and  a  few  days  later, 
when  adhesions  have  formed,  the  viscus  can  be 
opened  and  a  tube  inserted.  Catheterism  gives 
rise  to  great  suffering  and  much  bleeding. 

{g)  Tuberculosis  of  the  prostate  is  secondary 
always  to  similar  diseases  of  other  parts  of  the 
urinary  tract,  the  kidneys,  the  bladder,  or  the 
vesiculae  seminales  being  primarily  affected ;  or 
it  may  be  due  to  an  infected  thrombosis  from 
tuberculous  disease  of  the  lungs,  of  the  joints, 
or  of  bones.  The  disease  is  met  with  most 
commonly  in  early  adult  life ;  the  morbid  pro- 
cess in  the  prostate  being  similar  to  tubercu- 
losis elsewhere.  To  begin  with,  the  tuberculous 
infiltration  involves  one  lobe  only,  and  for  some 
time  may  not  produce  any  very  noticeable  en- 
largement, but  as  the  disease  extends  inflam- 
matory oedema  sets  in  and  causes  an  increase  in 
the  swelling.  The  infiltration  is  followed  by 
caseous  necrosis,  which  gradually  extends  to- 
wards the  mucous  membrane  of  the  bladder  or 
bowel.  The  mass  breaks  down,  the  deep,  ex- 
cavated ulcers  form,  and  perforation  takes  place 
into  the  bladder  or  bowel,  or  into  the  ischio- 
rectal fossa  or  the  peritoneal  cavity.  These 
ulcers  act  as  centres  of  septic  infection  and 
rapidly  lead  to  a  fatal  termination.  The  symp- 
toms during  the  early  stage  are  not  chai-acter- 
istic,  especially  when  the  disease  attacks  the 
peripheral  parts  of  the  gland.  Indeed,  the 
onset  of  the  disease  is  liable  to  be  overlooked, 
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but  its  presence  should  always  be  suspected 
when  a  patient  suffering  from  a  strumous  en- 
largement of  the  epididymis  or  a  tuberculous 
kidney  complains  of  a  weight  in  the  perinseum 
and  rectal  tenesmus.  The  diagnosis  may  be 
confirmed  by  the  occurrence  of  occasional  slight 
haemorrhages,  by  the  discovery  of  tubercle 
bacilli  in  the  urine,  and  by  the  presence  of  an 
enlarged  prostate.  The  enlargement  may  con- 
sist of  one  or  more  isolated  masses  embedded  in 
the  substance  of  the  prostate,  or  may  be  due 
to  a  general  increase  in  the  whole  gland.  As 
the  disease  advances  the  symptoms  become  un- 
mistakable. The  urine  becomes  muco-purulent, 
hfematuria  is  a  frequent  sign,  and  gradually,  as 
the  new  formation  encroaches  upon  the  neck  of 
the  bladder,  the  symptoms  of  prostatic  obstruc- 
tion become  more  marked,  and  may  culminate 
in  complete  retention. 

The  diagnosis  in  the  early  stages  may  be 
difficult  in  some  instances,  but  during  the  later 
developments  little  difficulty  should  be  experi- 
enced. Frequent  and  painful  micturition  in  a 
strumous  subject  associated  with  occasional 
hsematuria,  in  the  absence  of  vesical  calculus, 
is  a  strongly  suspicious  circumstance ;  and  if  in 
these  conditions  we  have  muco-purulent  urine 
containing  tubercle  bacilli,  and  a  painful  swell- 
ing at  the  neck  of  the  bladder,  in  a  man  between 
20  and  40  years  of  age,  the  diagnosis  of  tuber- 
cular disease  of  the  prostate  may  be  made  with 
confidence. 

The  prognosis  must  depend  upon  a  careful 
consideration  of  the  whole  circumstances  of  the 
case,  the  nature  and  extent  of  the  primary  dis- 
ease, as  well  as  that  of  the  local  lesion.  Most 
of  the  cases  run  from  bad  to  worse,  and  acute 
sepsis  of  the  urinary  tract  brings  about  its  in- 
evitable termination. 

Treatment. — When  the  local  disease  is  limited 
and  the  general  constitution  good,  which  it  very 
rarely  is  in  these  cases,  surgical  interference 
may  be  justifiable.  Some  surgeons  advocate 
incising  the  gland,  scraping  away  the  tuber- 
culous material,  and  packing  with  iodoform 
gauze,  and  no  doubt  in  a  few  instances  this 
ti'eatment  has  been  remarkably  successful.  The 
use  of  lactic  acid  and  other  agents  has  been  ad- 
vocated, while  considerable  benefit  is  also  said 
to  be  afforded  by  the  injection  into  the  bladder 
of  an  emulsion  of  iodoform  in  olive  oil,  three  or 
four  times  a  day.  The  use  of  instruments 
passed  into  the  bladder  is  to  be  avoided,  as  they 
merely  cause  irritation  and  aggravate  the  dis- 
ease. In  the  more  severe  cases  local  treatment 
is  practically  limited  to  alleviating  suffering 
by  opening,  scraping  out,  and  draining  the 
tuberculous  abscess,  and  by  administering  nar- 
cotic drugs  in  the  form  of  suppositories.  Of 
the  constitutional  treatment  nothing  need  be 
said. 

{h)  Cystic  diseases  of  the  prostate  are  very 
uncommon.    Of  retention  cysts  there  are  two 


varieties:  (1)  those  due  to  obstruction  of  the 
excretory  duct  of  the  prostatic  follicles,  and 
(2)  those  caused  by  closure  of  the  orifice  of  the 
sinus  pocularis.  Besides  these  there  are  hydatid 
cysts  which  are  not  strictly  prostatic,  having 
their  origin  in  the  tissues  between  the  bladder 
and  rectum,  rather  than  in  the  substance  of 
the  gland.  By  their  proximity  they  may 
closely  simulate  prostatic  enlargement.  These 
cystic  conditions  are  of  pathological  interest, 
but  not  of  much  clinical  importance,  except 
in  so  far  as  concretions  are  liable  to  form 
in  them. 

(i)  Prostatic  coiicretions  are  vei'y  common  in 
old  persons.  When  small  in  size  and  of  recent 
formation  they  are  pale  in  colour,  but  if  large 
and  old  they  are  reddish  brown  or  black.  They 
vary  in  size,  some  being  very  much  like  rounded 
grains  of  sand,  while  others  may  be  as  large  as 
poppy  seeds.  They  are  round  or  oval  in  form, 
and  sometimes  on  section  present  a  stratified 
appearance  and  possess  a  central  cavity.  These 
concretions  are  composed  of  organic  matter  de- 
rived from  the  prostatic  secretion,  and  give  the 
reaction  of  amyloid  material.  When  old  they 
may  become  calcified  and  invested  in  a  deposit 
of  phosphate  and  carbonate  of  lime,  and  then 
form  prostatic  so-called  "  calculi."  They  vary 
in  number  from  a  few  to  two  or  three  hundred 
in  one  prostate,  and  some  by  passing  into  the 
urethra  escape  with  the  urine. 

They  rarely  cause  any  symptoms  unless  their 
presence  gives  rise  to  inflammation  of  the  gland. 
In  a  few  instances,  however,  they  have  caused 
irritation  at  the  neck  of  the  bladder,  hsematuria, 
and  obstruction  to  the  flow  of  urine.  When  a 
sound  is  passed  over  the  pi'ostatic  urethra  a 
creaking  sensation  is  felt. 

The  treatment  consists  in  removing  the  calculi 
with  urethral  forceps,  or,  if  this  cannot  be  done, 
by  a  median  perineal  incision,  care  being  taken 
to  injure  the  gland  as  little  as  possible.  This 
operation  is  resorted  to  only  when  the  calculi 
are  numerous  or  lai-ge. 

Prostatectomy. — Excision  of  the  pros- 
tate gland  in  whole  or  in  part.  See  Prostate 
Gland  {Hypertrophy,  Treatment). 

Prostatitis. — Inflammation  of  the  pros- 
tate. See  Prostate  Gland  {Inflammation)  ; 
Rectum,  Diseases  of  the  {Rectal  Symptoms  from 
Prostatic  Disease) ;  Sperm atorrhcea  {Causes). 

PrOStatO-CystitiS. — inflammation  of 
the  prostate  and  bladder.  See  Prostate  Gland 
{Inflaimimtion) . 

Prostatorrhoea.— The  discharge  of 
prostatic  fluid,  in  excessive  amount,  from  the 
urethra. 

P  r  OSt  at  O  to  my.— Incision  into  the 
prostate  gland ;  it  may  be  done  with  the 
galvanic  cautery  {thermo-electric  pi'ostatotomy). 
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Prosthesis. — The  correction  of  defects 
in  development  or  the  results  of  injury  by 
artificial  means ;  literally,  "  replacing."  See 
Mouth,  Injuries  and  Diseases  of  the  Jaw 
{Operations  on  the  Jaws,  Immediate  Prosthesis). 

Prostitutes.  See  Lunacy  {Inveterate 
Prostitute). 

Protagon.— A  glucoside  (CmoHgogNj 
POgj?)  found  in  nerve  tissue,  especially  in  the 
white  sheath,  and  yielding  stearic  acid.  See 
Physiology,  Tissues  [Nerve,  Chemistry). 

Protamine.— An  organic  base  (CjgHj.^ 
N9O.2)  found  in  semen,  e.g.  in  the  heads  of 
spermatozoa,  where  it  is  linked  with  nucleic 
acid.  See  Physiology,  Protoplasm  {Products 
of  Decomposition). 

Protarg'Oi.  —  A  protein  compound  of 
silver,  forming  a  yellow  powder  soluble  in 
water,  and  containing  8  per  cent  of  silver ;  it  is 
used  in  ophthalmia  neonatorum  and  in  gonor- 
rhoea. See  Conjunctiva,  Diseases  of  {Ophthal- 
mia Neonato7-um,  Treatment). 

Protean.  —  Taking  many  forms ;  e.g., 
syphilis  is  a  protean  disease.  The  term  is 
derived  from  the  sea-god  Proteus,  who  was  said 
to  have  the  power  of  assuming  different  shapes. 

Proteates.  See  Physiology,  Proto- 
plasm {Conjugated  Proteins);  Physiology,  Food 
and  Digestion  {Gastric  Digestion,  Proteolytic 
Period). 

ProteidS. — The  "chief  substances"  (Gr. 
irpwros,  first)  of  animal  and  vegetable  tissues, 
containing  carbon,  hydrogen,  nitrogen,  sulphur, 
oxygen,  and  some  inorganic  salts ;  examples  are 
found  in  albumen,  globulin,  casein,  peptone, 
etc. ;  their  chemical  composition  is  very 
complex ;  albuminoids,  proteins.  See  Diet 
{Nutritive  Constituents,  Organic) ;  Digestion 
and  Metabolism  {Absorption  of  Proteids) ; 
Liver,  Physiology  of  {Functions,  Proteids) ; 
Physiology,  Protoplasm  {Chemistry,  Proteins) ; 
Physiology,  Blood  and  Lymph  {Chemistry  of 
Blood) ;  Physiology,  Food  and  Digestion 
{Gastric  Digestion,  Proteolytic  Period) ;  Physi- 
ology, General  Metabolism  {Protein  Meta- 
bolism). 

Proteins.  See  Proteids  and  Cross 
References. 

Protene.  See  Diet  {Milh  and  its  Pro- 
ducts, Caseinogen) ;  Invalid  Feeding  {Milk, 
"  Protene  "). 

Proteolytic. — Causing  proteolysis  {i.e. 
the  conversion  of  proteids  or  proteins  into 
diffusible  substances  such  as  peptone  by  the 
action  of  ferments  called  proteolytic  ferments). 
See  Physiology,  Food  and  Digestion  {Gastric 
Digestion,  Proteolytic  Period). 


Proteoses. — Bodies  intermediate  between 
proteins  and  peptones ;  e.g.  heteroproteose, 
deuteroproteose.  See  Physiology,  Protoplasm 
{Classification  of  Proteins) ;  Physiology,  Food 
and  Digestion  {Gastric  Digestion,  Proteolytic 
Period). 

ProteOSOma.  See  Malaria  {History) ; 
Parasites  {Protozoa,  Hcemosjwridia). 

ProteOSUria. — The  presence  of  proteoses 
in  the  urine. 

Proteus.  See  Micro-Organisms  {Bacteria, 
Proteus). 

Prothrombin.  See  Physiology,  Blood 
AND  Lymph  {Coagulation,  Enzymes). 

ProtO-. — In  compound  words  proto-  (Gr. 
TrpoiTos,  foremost)  means  first  or  primitive ;  e.g. 
a  jwotoblast  is  a  cell  without  a  cell  wall,  and  a 
prototype  is  an  original  type.  In  Chemistry 
proto-  is  a  prefix  indicating  the  lowest  of  a  series 
of  compounds ;  e.g.  a  protochloride  is  that  one 
which  contains  the  smallest  relative  amount  of 
chloride. 

Proto  pat  hie. — Idiopathic,  as  opposed 
to  deuteropathic.  See  Physiology,  Neuro- 
muscular Mechanism  {Thermal  Sense,  Proto- 
pathic  Sensibility) ;  Sensation  {Head's  Experi- 
ments). 

Protoplasm. — See  Physiology,  Proto- 
plasm. 

Protoproteoses.    See  Proteoses  and 

Ci'oss  References. 

Prototypes.  See  Tumours  {Oncology, 
Law  of  Prototyptes). 

Proto  vert  e  brae. —  The  primitive 
segments  of  the  embryo.    See  Embryology. 

Protozoa.  See  Parasites  {Protozoa) ; 
Herpes  {Herpes  Zoster,  Pathology) ;  Micro- 
Organisms  {Protozoa). 

Protracted  Labour.  See  Labour, 
Precipitate  and  Prolonged. 

Protuberance  or  Protuber- 

antia. — A  projection  or  prominence,  e.g.  the 
occipiital  protuberance  and  the  p>rotuberantia 
laryngea. 

"  Proud  Flesh." — Exuberant  granula- 
tion tissue  such  as  is  seen  in  the  weak  condition 
of  an  ulcer.  See  Ulcers  and  Ulceration 
( C  lassification) . 

Proust- Lie htheim  Test.  See 

Aphasia  {Clinical  Features,  Cortical  Aphasia). 

Proximate  Principles. —  The  sub- 
stances in  food  which  are  of  the  same  nature  as 
the  materials  found  on  the  analysis  of  dead 
protoplasm.    See  Physiology,  Food  and  Dices- 
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TION  {Nature  of  Food,  Food-Stuffs  yielding 
Energy). 

PrOZyg'OSiS. — The  teratological  type  in 
which  two  foetuses  are  joined  more  or  less  closely 
by  the  heads  into  a  double  monster,  the  trunks 
being  more  or  less  separate ;  syncephaly. 

Prune-juice  Sputum.  See  Expec- 
toration (Pneumonia) ;  Pneumonia  {Clinical 
Features,  Expectoration). 

Prunes. — Prunum  is  the  dried  ripe  fruit 
of  Prunus  domestica,  the  plum.  Prunes  are 
mild  laxatives,  and  may  be  added  to  the  diet  in 
cases  of  chronic  constipation ;  they  are  con- 
tained in  the  Confectio  Sennae  of  the  B.P. 
The  Prunus  Virginiana,  or  Wild  Cherry,  of  the 
U.S.  Pharmacopoeia  contains  hydrocyanic  acid, 
tannic  acid,  a  volatile  oil,  etc.,  and  is  used  as  a 


tonic  and  sedative  in  diseases  of  the 

stomach 

and  in  coughs. 

Prurig-o  and  Pruritus. 
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See  also  Dermatitis  Herpetiformis  {Symp- 
toms) ;  Diabetes  Mellitus  {Symptoms  and  Com- 
plications, Skin)  ;  Eczema  ;  Gout  {Irregular, 
Cutaneous  System)  ;  Hypnotism  {Uses,  Skin 
Diseases) ;  Hysteria  {Infantile)  ;  Jaundice  {Ob- 
st7-uctive.  Symptoms)  ;  Ovaries,  Diseases  op  the 
{Physiology,  Ovariari  Juice  in  Prurigo) ;  Para- 
sites {Ascarides,  Symptoms) ;  Pregnancy,  Af- 
fections OF  ( Cutaneous  Rashes,  Priiritus) ; 
Scrotum  and  Testicle,  Diseases  of  {Prurigo 
Scroti) ;  Sleeping  Sickness  {Symptoms) ;  Uraemia 
{Chronic,  Symptoms,  Nervous) ;  Vulva,  Diseases 
OF  {Pruritus  Vulvae). 

Historical  Note. — In  the  days  of  Willan,  and 
long  after,  the  word  Prurigo  was  a  collective 
term  for  different  itching  affections  of  the  skin. 
In  those  primitive  stages  of  pathological  know- 
ledge classification  could  only  be  made  by  refer- 
ence to  superficial  and  obvious  features.  Thus 
any  disease  with  an  eruption  of  papules,  accom- 
panied by  an  intolerable  sense  of  itching,  was 
regarded  as  lichen,  or  strophulus,  or  as  one  of 
the  prurigos.  With  fine  insight  Willan  recog- 
nised that  pruritus  was  the  "leading  circum- 
stance "  in  the  pruriginous  affections.  These  he 
arranged  in  groups  which,  in  accordance  with 
the  fashion  of  the  times,  he  called  "  species," 
taking  for  his  distinguishing  mark  such  obvious 
features  as  degree  of  severity,  extent  of  the 
disease,  and  the  period  of  life.  His  so-called 
species  were  P.  mitis,  P.  formicans,  P.  senilis, 
P.  localis ;  and  he  placed  them  all  in  the  order 


of  Papulte.  The  views  of  Willan  prevailed  in 
England,  France,  and  Germany  until  Hebra 
dismembered  the  order.  Hebra  admitted  as 
prurigo  what  Willan  named  P.  mitis  and 
formicans,  and  he  maintained  that  the  other 
eruptions  were  simply  the  result  of  itching  of 
the  skin,  or  pruritus.  In  the  Hebra  period 
classification  had  begun  to  feel  the  influence  of 
the  new  science  of  pathology.  The  internal 
forms  of  eruptions  were  being  revealed  for  the 
first  time.  Thus,  in  respect  of  the  lesion  of 
prurigo,  what  to  Willan  had  been  merely  a 
papule  became  to  Hebra  an  intra-epidermic 
cyst,  which  he  regarded  as  a  specific  lesion,  and 
the  actual  cause  of  the  patient's  suffering.  His 
extraordinary  experience  of  this  disease,  the 
regularity  with  which  the  symptoms  grouped 
themselves  in  a  striking  clinical  picture,  con- 
vinced Hebra  that  this  disease  was  to  be  re- 
garded as  an  "  entity,"  and  to  be  entirely 
separated  from  the  other  pruritic  affections. 
The  force  of  Hebra's  opinion  carried  the  day, 
at  least  in  England  and  Germany.  Prurigo 
became  an  independent  substantive  disease, 
and  pruritus  was  defined  as  itching  sine  matey-ia, 
and  itching  affections  provoked  by  epizoa  were 
named  after  the  parasite  which  was  present. 
This  is  the  current  opinion  in  Great  Britain  at 
the  present  time,  though  Mr.  Hutchinson  has 
strongly  protested  against  it.  It  has  the  merit 
of  being  easy  of  comprehension  and  is  free 
from  mystery. 

The  third  period,  through  which  we  are  now 
passing,  may  be  styled  the  philosophical,  and 
is  dominated  by  the  French  writers.  To 
attempt  to  give  even  a  sketch  of  the  opinions 
and  counter  -  opinions  of  Vidal,  Tenneson, 
Tommasoli,  Brocq,  Besnier,  Foulard,  Jacquet, 
Neisser,  and  others  would  demand  many  pages. 
But  the  volume  of  controversial  literature  is 
evidence  that  the  old  hard  and  fast  lines  of 
definition  of  the  Hebra  period  are  breaking 
down.  Modern  pathology  is  half  a  century  in 
advance  of  the  days  of  Rokitansky.  Now  we 
see  the  folly  of  impounding  diseases  within 
fixed  circles  of  definition,  and  the  tendency  of 
the  scientific  nosologist  to-day  is  to  look  past 
the  superficial  and  obvious  features  of  diseases 
for  deeper  and  deeper  resemblances  having 
relation  to  their  origin.  From  this  results  the 
modern  arrangement  of  diseases  into  natural 
series.  Thus  the  French  writers,  in  endeavour- 
ing to  establish  a  natural  prurigo  series,  are 
quite  in  touch  with  the  spirit  of  the  times. 
The  growth  of  our  clinical  knowledge,  they 
say,  has  brought  to  light  many  cases  of  atypical 
varieties  of  prurigo  Hebrse,  and  cases  which 
have  very  little  superficial  resemblance  to 
prurigo,  but  which  present  points  of  deeper 
resemblance.  They  maintain  that  the  prurigo 
of  Hebra  is  not  an  entity,  but  a  symptom  group 
which  stands  out  in  bold  relief  amid  other 
groups   less   regular  in  form,   and  of  lower 
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degrees  of  constancy.  Those  who  take  this 
view  regard  the  eruption  on  the  skin  in  all 
A'arieties  of  prurigo  and  pruritus  as  merely 
reactions  of  the  integument  to  traumatism, 
or  to  accidental  microbic  infection.  This  has 
been  strongly  insisted  upon  by  Besnier  and 
Brocq  in  France,  by  Hutchinson  in  England, 
and  by  Touton  of  Wiesbaden.  On  the  other 
hand,  Tommasoli  regards  the  firm  sero-papule, 
or,  as  we  should  say,  the  cystic  papule,  as  the 
essential  lesion  of  prurigo.  For  this  reason 
he  excludes  from  the  prurigo  series  the 
lichenified  forms  of  Brocq.  But  whoever  holds 
this  opinion  is  logically  bound  to  accept  the 
inference,  namely,  that  the  cystic  papule  is 
antecedent  to  the  pruritus,  and,  in  short,  the 
actual  cause  of  the  disease  and  of  the  patient's 
suflPerings.  Fxirther,  if  the  lesion  is  specific 
its  formation  should  follow  a  definite  routine, 
and  the  microscopists  would,  in  the  main,  agree 
as  to  its  form  and  character.  This,  however, 
is  not  the  case.  Scarcely  two  histologists  agree 
in  their  results  (see  Anatomy  of  Prurigo,  p.  329). 
The  cystic  papule  of  prurigo  is  frequently  found 
in  eczema.  Again,  cases  of  prurigo  occur,  as 
shown  by  Neisser,  in  which  prurigo  begins  with 
urticarial  lesions  and  not  with  the  sero-papule. 
Jacquet  has  pi'oved  experimentally  that  pruri- 
ginous  lesions  may  completely  disappear  simply 
by  excluding  them  from  all  exterior  influences, 
while  at  the  same  time  the  pruritus  persists. 
In  the  light  of  this  evidence  we  can  only 
conclude  with  Besnier  and  Brocq  that  the 
eruptions  on  the  skin  in  prurigo  and  allied 
disorders  do  not  form  an  essential  part  of  the 
disease,  but  are  merely  the  reaction  of  the 
integument  to  traumatic  influences.  Our 
knowledge  of  these  auto-traumatic  lesions,  or 
traumatides  as  I  have  ventured  to  call  them 
(see  p.  327),  has  been  advanced  by  Brocq,  who 
in  1891  lectured  on  the  "theory  of  lichenifica- 
tion  "  (p.  327). 

Beyond  this  point  we  enter  on  more  debatable 
ground.  Whether  we  should  follow  Besnier's 
arrangement  into  four  groups,  each  labelled 
Prurigo  diathrsique,  and  differing  according  to 
the  objective  mode  of  cutaneous  reaction,  or 
Brocq's  four  varieties  of  N('vrodermite,  is  a 
matter  for  the  future  to  decide.  In  the  present 
article  I  have  treated  Py^urigo  Hebrce  as  a 
symptom  group.  I  recognise  the  existence  of 
other  groups  belonging  to  the  same  series.  But 
the  arrangement  adopted  is  categorical  rather 
than  scientific. 

General  Characters  of  the  Prurigo  Series 
Before  any  disease  can  be  admitted  into  the 
prurigo  series  it  is  essential  that  it  possess  the 
following  characters : — The  affection  of  the 
skin  must  first  be  latent.  Without  giving  any 
eruptive  sign  the  skin  of  the  individual  falls 
into  a  certain  state,  of  which  the  first  symptom 
is  a  sensation  of  itching  or  pruritus,  this  being- 


followed  by  moderate,  or  immoderate,  bodily 
excitement  (scratching),  which  provokes 
traumatic  lesions  in  the  skin. 

_  Pruritus. — To  the  question,  What  is  pruritus  % 
the  physiologists  of  to-day  can  give  no  certain 
answer.  Indeed,  what  little  information  we 
possess  is  the  result  of  introspection  based  on 
a  few  facts  culled  from  common  experience.  In 
order  to  awaken  this  sensation  we  only  need 
to  touch  the  surface  with  the  point  of  some 
delicate  object,  such  as  a  hair  or  the  barb  of 
a  feather.  Physiologists  have  elicited  the  fact 
that  this  property  is  not  equally  distributed  all 
over  the  surface.  Thus,  if  the  back  of  the 
hand  be  touched  lightly  with  the  point  of  a 
hair,  scarcely  any  sensation  of  itching  is 
provoked,  but  if  the  side  of  the  nose  be  touched 
in  like  manner  there  instantly  arises  a  strong 
sense  of  itching.  And,  what  is  very  curious, 
this  sensation  persists  for  an  appreciable  interval 
of  time  after  the  irritating  object  has  been 
withdrawn.  The  sensation  is  rapidly  followed 
by  a  considerable  amount  of  bodily  excitement. 
The  magnitude  of  this  excitement  is  out  of 
all  proportion  to  the  delicate  and  feeble  stimulus 
which  provoked  it.  The  excitement  runs  to 
a  crisis  commonly  called  scratching.  After 
this  there  is  a  sudden  abatement  of  the 
sensation. 

Thus  the  word  pruritus  connotes  not  merely 
a  sensation,  but  a  series  of  processes  beginning 
in  some  latent  changes  in  the  surface  of  the 
skin  and  ending  in  scratching.  These  are  not 
of  necessity  morbid  processes.  Itching  is  a 
property  of  the  skin,  and  is  to  be  regarded  as 
one  of  the  common  sensations  peculiar  to  the 
integument  of  all  warm-blooded  animals.  As 
Professor  Bronson  points  out  in  his  admirable 
essay  on  the  Se7isation  of  Itching,  pruritus  is 
closely  associated  with  the  animal  sense  of 
contact.  He  affirms  that  the  sensations 
originating  in  the  surface  of  the  skin,  that  is, 
in  the  epidermis,  are  of  a  low  order.  They  fail 
to  convey  to  the  mind  any  definite  perceptive 
ideas  regarding  the  properties  of  the  thing  that 
touches  the  surface. 

This  is  evidence  that  the  sensation  of  itching 
starts  in  the  undifferentiated  nerves  of  the 
epidermis,  and  proceeds  to  the  spinal  cord  with- 
out throwing  into  action  the  deeper  specialised 
sense  organs  of  the  skin.  No  fact  of  common 
observation  or  in  cutaneous  pathology  contra- 
venes this  conclusion,  so  we  may  take  it  for 
granted  that  the  seat  of  pruritis  is  the  epidermis. 

Physiology  has  not  yet  given  us  a  satis- 
factory reason  for  the  muscular  excitement 
which  follows  the  pruritic  stimulation  of  the 
free  nerve  ends.  Bronson  and  Payne  explain  it 
by  the  vagueness  of  the  stimulation  and  the 
involuntary  desire  to  substitute  "an  effective 
energy  for  an  ineffective  vexation  "  (Bronson). 
It  cannot  be  denied  that  the  act  of  scratching 
is  apparently  directed  to  a  certain  end,  and  so 
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far  we  can  say  that  a  vague  conception  is 
usually  associated  with  pruritus.  But  when  a 
man  who  is  asleep,  or  even  comatose,  tears  at 
his  skin,  it  is  obvious  that  neither  conceptions 
and  desires  nor  any  other  psychological  act 
have  anything  to  do  with  his  pruritus. 

To  pursue  this  question  further  would  only 
lead  on  into  metaphysics.  It  is  wiser  to  wait 
imtil  physiology  fiirnishes  us  with  some  definite 
facts. 

The  Causation  of  the  Pruritic  State 
It  cannot  be  insisted  on  too  much  that 
pruritus  is  the  symptom  and  not  the  disease. 
The  real  disease  underlying  all  the  prurigos  is 
latent.  Of  itself  it  produces  no  lesion ;  it 
rouses  no  cellular  reaction,  and  no  inflammation. 
Our  ignorance  of  it  is  profound,  therefore  we 
write  of  it  in  terms  of  wide  generality  and  often 
of  vague  and  inexact  meaning.  It  begins  in- 
sidiously, and  grows  with  the  individual ;  often 
it  is  the  only  symptom,  and  the  patients  make 
no  complaint  of  ill-health.  The  bodily  functions, 
so  far  as  we  can  detect,  may  be  in  no  way  dis- 
turbed. It  sometimes  occurs  along  with  other 
symptoms,  forming  what  we  may  call  indefinite 
cases.  Again,  it  may  be  associated  with  pro- 
nounced diseases  of  certain  organs,  for  example, 
obstructive  jaundice.  It  may  assert  itself  in 
gout,  in  uraemia,  and  in  Graves'  disease.  I  have 
known  it  to  be  the  most  distressing  symptom 
in  general  lymphadenoma.  No  period  of  life  is 
exetnpt  from  it.  In  that  particular  manifesta- 
tion of  the  pruritic  state  which  we  call  prurigo 
Hebrte  it  begins  in  infancy  or  early  childhood. 
It  certainly  assumes  new  aspects  at  different 
ages.  The  form  of  an  adult  prurigo  is  gener- 
ally different  from  that  of  the  child,  while  often 
in  old  age  the  pruritic  state  is  lesionless.  Some 
vai'ieties  are  met  with  only  among  the  very 
poor,  but  the  well  fed  are  not  exempt.  Of 
temperaments  it  may  be  said  that  the  neurotic 
are  prone  to  it,  but  some  bad  forms  are  asso- 
ciated with  what  we  call  the  strumous,  and  the 
French  the  lymphatic  temperament.  But  out 
of  all  this  uncertainty  we  can  at  least  fix  this 
general  truth,  namely,  that  a  p7-uritic  state 
springs  from  antecedents  which  do  not  follow 
any  routine  track.  Like  fever,  it  is  a  perturba- 
tion of  wide  generality  from  which  no  warm- 
blooded animal  is  exempt. 

According  to  Besnier,  the  main  pathological 
condition  of  the  prurigos  lies  in  the  adulteration 
of  the  blood,  or  of  the  lymph,  or  of  the  inter- 
cellular fluids.  This  adulteration  he  believes  to 
be  autonomous.  That  the  stimulus  which  pro- 
vokes the  sensation  of  itching  is  chemical  in  its 
nature  receives  the  support  of  the  eminent 
physiologist  Professor  Kiesow.' 

The  Conseque7ices  of  the  Pruritic  State  ;  Tran- 
matides. — For  convenience  of   description  we 

'  This  opinion  was  conveyed  in  a  letter  from  Professor 
Kiesow  to  the  writer. 


may  divide  these  into  (1)  Cutaneous,  and  (2) 
General,  or  those  which  relate  to  the  health  of 
the  individual. 

1.  Cutaneous. — To  save  repetition,  and  for 
brevity's  sake,  I  propose  to  speak  collectively  of 
these  scratch  lesions  of  the  skin  as  traumatides. 

It  is  the  merit  of  the  modern  French  school 
of  dermatologists  that  they  have  insisted  on  the 
fact  that  the  essential  disease  of  the  prurigos  is 
latent.  By  this  is  meant  that  the  skin  of  an 
individual  may  gradually  fall  into  certain  patho- 
logical states  of  nutrition,  and  at  the  same  time 
give  no  objective  sign  of  it  until  provoked  to  do 
so  by  scratching.  Then  a  variety  of  lesions 
arise.  According  to  Besnier  and  Brocq,  the  form 
of  the  lesion  is  not  controlled  by  the  scratching, 
but  by  the  individual  himself.  Traumatides 
are  in  themselves  banal,  and  possess  no  fixed 
anatomical  character.  Their  importance  is  de- 
rived from  the  fact  that  they  indicate  the  state 
of  nutrition  of  the  skin  at  the  time  of  the  trau- 
matism. The  following  traumatides  have  been 
observed ; — 

(1)  Wheals.  —  Urticarial  lesions  may  be  re- 
garded as  traumatides.  They  occur  most  readily 
in  infants  and  children,  and  indicate  a  state  of 
tension  in  the  vaso-muscles  (probably  veins), 
which  when  stimulated  contract  spasmodically. 

(2)  Scaly  spots ;  these  are  due  to  the  loosen- 
ing of  the  horny  epidermis. 

(3)  Excoriated  red  spots  are  formed  by  tearing 
fragments  of  the  hard  epidermis  from  the  under- 
lying soft  epidermis. 

(4)  Vesico-papules  or  cystic  papules. — These 
are  common  in  childhood,  adolescence,  and  in 
adults,  but  not  so  frequent  in  the  aged.  They 
are  due  to  the  forming  of  cystic  cavities,  with 
fluid  contents,  in  the  epithelium. 

(5)  Broad  hemispherical  small  nodules,  pale 
at  first,  but  later  becoming  red.  These  are 
characteristic  of  prurigo  Hebrge.  They  are  due 
to  the  formation  of  cystic  cavities,  but  situated 
deeper  beneath  the  horny  layer. 

(6)  Torn  papules  bearing  at  their  summits  a 
minute  blood  scab. — These  are  the  commonest 
of  all  traumatides,  and  are  met  with  in  persons 
of  all  ages.  They  are  a  variety  of  the  cystic 
papule. 

(7)  Pustules,  superficial  abscesses,  and  boils. 
— These  are  the  consequence  of  microbic  infec- 
tion. They  are  most  readily  formed  in  persons 
of  strumous  temperament.  Individuals  of  this 
class  are  distinguished  by  thick,  coarse  skin, 
with  large  sebaceous  follicles.  The  lips  are 
usually  thick  ("lymphatic")  and  the  eyelids 
thickened. 

(8)  "  Lichenification."  1 — Brocq  was  the  first 
to  give  us,  in  1891,  an  exact  description  of 
this  form  of  traumatide.    "When,"  says  this 

1  Besnier  prefers  the  term  lichenisation.  Primary 
lichenification  of  Brocq-Jacquet  corresponds  to  Vidal's 
lichen  simplex  chronicus  circumscriptus,  a  term  which, 
even  in  France,  will  soon  be  obsolete. 
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authority,  "  a  person  who  is  predisposed,  and 
the  predisposition  is  indispensable,  repeatedly 
scratches  some  circumscribed  patch  of  skin 
which  is  the  seat  of  pruritus,  it  may  determine 
more  or  less  quickly  certain  morbid  changes. 
The  skin  thickens,  becomes  hard  and  rugose, 
the  papillae  hypertrophy,  and  groups  of  hyper- 
trophied  papillae  produce  papules  of  irregular 
and  unequal  size.  The  normal  folds  and  surface 
markings  may  be  exaggerated,  forming  a  sort  of 
quadrilateral  mesh.  The  integument  is  more  or 
less  infiltrated,  and  has  lost  its  suppleness  and 
normal  consistence."  To  this  alteration  of  skin 
Brocq  gave  the  name  "  lichenification."  When 
this  lichenification  arises  in  a  skin  apparently 
healthy  it  is  termed  primary  lichenification.  Far 
more  frequently  it  is  secondary  to  some  previous 
eruption,  such  as  eczema  or  lichen  planus. 

The  rapidity  with  which,  in  some  cases,  large 
islands  of  pigmented  and  indurated,  or  "licheni- 
fied,"  tissue  may  arise  in  a  circumscribed  area, 
which  is  the  seat  of  pruritus,  without  any  pre- 
vious signs  of  abnormality,  is  one  of  the  strongest 
proofs  that  the  nutritional  state  of  the  skin  may 
deviate  considerably  from  the  normal  without 
giving  any  spontaneous  eruptive  symptom. 
This  form  of  traumatide  is  met  with  in  neurotic 
persons,  and  may  be  associated  with  jaundice. 
It  sometimes  follows  mental  shock  or  states  of 
mental  worry  and  depression. 

(9)  Eczematisation. — Besnier  has  applied  this 
term  to  patches  of  superficial  inflammation  pre- 
senting all  the  polymorphic  characters  of  eczema, 
namely,  hypersemia,  vesication,  oozing,  desqua- 
mation, and  suppuration. 

(10)  Pigmentation. 

(11)  General  dryness  of  the  surface. 

General  Consequences  of  the  Pruritic  State 
If  we  are  to  judge  of  the  importance  of  a 
pathological  condition  by  the  greatness  of  the 
conseqiiences  which  proceed  from  it,  there  are 
few  more  important  than  those  of  which  pruritus 
is  the  symptom.  If  the  itching  is  severe  the 
sense  of  torment  replaces  every  other  considera- 
tion. To  work  is  impossible,  and  to  sleep  no 
less  so.  The  power  of  concentration  is  weakened, 
and  with  loss  of  control  there  is  developed  an 
irritable  temper.  The  unfortunate  person  falls 
into  a  "  nervous  condition."  The  approach  of 
night  brings  no  promise  of  relief,  for  sleep, 
which  subdues  pain,  has  no  power  to  arrest 
pruritus.  The  disturbance  in  the  peripheral 
nerves  and  the  spinal  excitement  still  goes  on. 
Too  often  the  patient  is  sleepless,  and  makes 
frantic  efforts  to  relieve  his  torment  by  tearing 
at  the  skin.  Should  this  continue  without  inter- 
mission it  would  speedily  end  in  madness,  but 
the  irritation  is  intermittent  and  paroxysmal, 
and  in  the  calm  intervals  he  recovers  to  some 
extent.  If  the  pruritus  is  acute  and  temporary, 
or  even  if  it  is  chronic,  provided  it  is  not  of  a 
severe  character,  the  general  state  of  nutrition 


may  even  be  good  (Hebra).  But  in  many  cases 
the  entire  nutrition  of  the  body  suffers,  and  this 
is  generally  observed  in  neurotic  adults.  The 
misery  of  these  unfoi'tunate  persons  is  increased 
by  their  social  ostracism.  Pain  wins  sympathy, 
but  pruritus  only  aversion  and  annoyance.  In 
childhood  he  is  scolded  by  his  teachers  and 
jeered  at  by  his  school-fellows,  and  later  in  life 
he  comes  to  be  avoided  as  an  object  of  contagion, 
since  the  act  of  scratching  is  always  suggestive 
of  parasites.  Thus  the  whole  life  of  the  sufferer 
is  dominated  by  his  complaint,  his  lot  is  isola- 
tion, and  we  need  not  wonder  if  it  drifts  into 
melancholia,  or  terminates  in  suicide. 

Clinical  Groups  in  the  Prurigo  Series 
In  sketching  the  general  character  of  the 
prurigo  series  it  was  pointed  out  that  the  essen- 
tial disease  underlying  all  forms  of  prurigo  and 
pruritus  is  some  latent  change  in  the  nutrition 
of  the  skin,  which  is  accompanied  by  an  inter- 
mittent and  paroxysmal  sensation  of  itching, 
and  later  by  the  appearance  of  traumatides  or 
scratch  lesions.  The  present  imperfect  state  of 
our  knowledge  of  the  pathology  of  the  pruritic 
states  forbids  us  even  to  attempt  a  scientific 
classification  of  these  disorders.  All  we  can  do 
is  to  arrange  our  cases  into  groups,  according  to 
circumstances  which  seem  to  us  more  or  less 
striking.  The  result  of  the  arrangement  is 
merely  a  catalogue  of  cases,  and  is  not  to  be 
regarded  as  a  natural  classification. 

Prurigo  Hebr^e. — Pruritus  in  badly  nourished 
Children,  followed  by  pronounced  Malnutrition 
of  the  Skin  and  severe  Trau7natides,  continuing 
more  or  less  through  Life. — According  to  Hebra, 
the  disease  begins  in  infancy  and  continues 
throughout  life.  The  earliest  objective  symptom 
is  that  of  subepidermic  papules,  which  form  in 
all  parts  of  the  body  surface,  except  in  the  skin 
covering  the  bends  of  the  joints.  The  face, 
throat,  and  neck  are  rarely  aff"ected  to  any 
extent.  The  papules  are  isolated,  and  increase 
in  number  in  the  lower  limbs.  In  long-con- 
tinued cases  the  whole  nutrition  of  the  skin 
suffers.  It  becomes  harsh  and  rough  to  the 
touch,  of  thicker  consistence  and  of  darker 
complexion  than  in  health.  The  itching  is  more 
or  less  constant,  but  subject  to  exacerbation 
and  paroxysm,  especially  at  night.  Hebra 
firmly  maintained  that  the  subepidermic  papule 
was  the  essential  part  of  the  disease,  and  that 
it  was  the  inevitable  antecedent  of  the  itching. 
This,  by  many,  is  considered  doubtful,  and  the 
evidence  points  rather  to  the  lesion  being 
secondary  to  the  scratching.  In  consequence 
of  scratching,  the  skin  over  the  papules  becomes 
reddened  and  excoriated,  and  the  papules  dis- 
charge a  fluid  which  dries  into  a  scab.  If  the 
lesions  below  the  knee  are  numerous  the  in- 
guinal glands  inflame  and  become  enlarged, 
forming  the  so-called  prurigo  bubo.  When  the 
disease  is  fully  established  the  general  aspect  of 
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the  patient  is  highly  characteristic.  When  he 
is  stripped  for  examination  we  notice  that  there 
is  a  clustering  of  the  lesions  chiefly  below  the 
hips,  the  maximum  development  being  reached 
below  the  knees.  As  the  disease  ascends  it 
becomes  feebler,  and  the  lesions  more  widely 
scattered,  till  they  cease  on  the  neck  and  face. 
The  general  type  of  nutrition  is  commonly 
strumous  or  "  lymphatic."  The  lesion  most  in 
evidence  is  the  torn,  scabbed,  broad,  hemi- 
spherical papule,  often  intermixed  with  ecthy- 
matous  pustules ;  in  some  cases  with  patches  of 
infiltrated  eczema. 

Etiology. — The  causation  of  prurigo  is  un- 
known. We  know  of  no  irritant  which  can 
produce  it.  It  commonly  appears  during  in- 
fancy, but,  according  to  Neisser  and  Ehlers,  it 
may  originate  later  in  life.  According  to  the 
latter  of  these  authorities  the  date  of  onset 
varies  from  a  few  days  to  twenty-nine  years  of 
age,  the  average  of  207  cases  being  five  and  a 
half  years.  Hebra  maintained  that  prurigo 
was  never  congenital ;  Ehlers,  however,  believes 
heredity  plays  an  important  part  in  its  caus- 
ation. "It  occurs,"  says  Hebra,  "almost  ex- 
clusively in  poor  subjects  and  those  ill-nourished 
in  childhood,  and  so  most  often  in  foundlings 
and  beggars'  children.  Those  who  have  enjoyed 
a  good  physical  education  in  early  youth,  and 
have  always  been  properly  fed  according  to 
their  age,  suffer  very  rarely  indeed  from 
prurigo."  The  prurigo  of  Hebra  has  curious 
geographical  relations.  In  point  of  frequency 
Vienna  seems  to  be  the  headquarters  of  the 
disease,  and  this  city  is  the  centre  of  a  mixed 
population  of  Austrians,  Germans,  Tyrol  ese, 
Slavonians,  Hungarians,  Jews,  Italians,  etc.  It 
has  been  noticed  that  the  off'spring  of  sufferers 
■emigrating  from  Vienna  to  a  country  where  the 
conditions  of  life  are  easier  and  more  whole- 
some do  but  rarely  manifest  the  particular 
group  of  symptoms  which  have  been  described 
above.  Professor  James  C.  White,  of  Boston 
(U.S.A.),  has  made  a  careful  study  of  the  non- 
prevalent  distribution  of  "  prurigo "  in  the 
United  States.  It  appears  that  prurigo  is  an 
almost  unknown  disease  among  the  American 
people  as  a  whole,  and  it  is  only  rarely  observed 
in  immigrants  from  European  countries  and  in 
their  descendants. 

Armtomy. — Hebra  and  Simon  regarded  the 
elementary  lesion  of  prurigo  as  a  species  of 
vesicle.  Kaposi  regards  it  as  analogous  to  the 
papule  of  eczema.  According  to  Riehl,  they 
are  similar  to  the  papules  of  urticaria.  Vidal 
considered  them  to  be  analogous  to  the  papules 
of  lichen.  Wedl  and  Neumann  believe  that 
they  are  the  product  of  exudation  into  the 
cutis.  Auspitz  and  Caspary  consider  that  they 
are  the  result  of  proliferation  of  the  rete 
Malpighii.  Leloir  found  the  prurigo  nodule  to 
be  associated  with  a  cavity  formation  in  the 
prickle  layer.    According  to  this  authority,  the 


cysts  are  formed  by  the  destruction  of  prickle 
cells,  and  not  by  exudation.  The  cysts  enlarge, 
but  never  invade  the  horny  layer.  Kromayer 
found  minute  cysts  in  the  horny  layer,  and 
accompanied  by  hypertrophy  of  the  epidermis, 
with  some  cell  infiltration  in  the  upper  part  of 
the  cutis.  Epidermic  cysts  have  also  been 
noted  by  Campana  and  Bonfigli.  Prurigo 
papules  a  few  hours  old  have  been  examined  by 
Darier.  He  found  the  lesions  to  consist  of  an 
area  of  colloid  degeneration  in  the  epidermis 
surrounded  by  signs  of  acute  inflammation, 
namely,  oedema,  vesication,  and  leucocytosis. 
According  to  Du  Mesnil,  the  primary  anatomical 
change  is  the  thickening  of  the  epidermis, 
which  leads  to  the  retention  of  sweat  in  the 
sudoriparous  ducts,  and  so  to  the  formation  of 
cysts.  These  varied  and  contradictory  opinions 
are  of  themselves  quite  sufficient  proof  that  the 
lesions  of  prurigo  are  banal,  and  have  no 
definite  anatomical  character. 

Diagnosis. — Prurigo  Hebrse  being  a  rounded 
and  complete  symptom  group,  diagnosis  depends 
on  our  acquiring  a  general  impression  of  the 
disease  rather  than  upon  the  detection  of  minute 
details.  The  diseases  with  which  it  may  be 
confounded  are  those  in  which  itching  is  a 
leading  feature.  In  every  supposed  case  an 
examination  for  parasites  should  be  made,  for 
the  presence  of  epizoa  alters  both  the  prognosis 
and  the  treatment.  The  distinction  between 
pruritus  and  prurigo,  in  the  broadest  sense  of 
the  term,  is  perhaps  more  academic  than 
scientific.  The  essential  basis  of  every  case  of 
prurigo  is  pruritus,  that  is,  a  tormenting  sense 
of  itching.  For  convenience'  sake  we  separate 
the  terms,  and  employ  the  name  "  prurigo " 
where  the  subjective  and  objective  symptoms 
are  grouped  in  a  certain  way. 

Scabies  is  distinguished  from  prurigo  by  the 
detection  of  burrows,  or  the  acari,  and  also  by 
the  history  and  nature  and  grouping  of  the 
lesions.  Chronic  eczerna  is  not  accompanied  by 
the  degeneration  in  the  nutrition  of  the  integu- 
ment, nor  by  the  scattered,  torn  hemispherical 
papules  which  are  characteristic  of  prurigo.  In 
chronic  pediculosis  the  lesions  are  chiefly  on 
the  back  between  the  shoulders,  and  the  pig- 
mentation of  the  skin  is  usually  marked.  The 
examination  of  the  clothes  will  generally  decide 
the  question. 

Prognosis. — 1.  Hebra  regarded  the  disease 
as  hopelessly  inevitable.  Ehlers  found  improve- 
ment after  puberty.  It  seems  certain  that 
unless  the  circumstances  of  the  patient  can  be 
greatly  improved  no  hope  can  be  looked  for. 
The  disease,  however,  is  subject  to  remission. 
During  the  sunnuer  months  Hebra  noted  a  con- 
siderable amelioration  of  the  symptoms,  the 
disease  being  always  worse  in  winter. 

2.  Pruritus  follovjed  by  ur'ticarial  traujnatides 
occurring  at  all  periods  of  life,  but  more  frequently 
in  infants  and  children. — This  will  be  discussed 
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under  the  head  of  Urticaria,  but  I  believe  that 
the  proper  nosological  place  of  this  class  of 
disorder  is  in  the  prurigo  series. 

3.  Pruritus  beginning  in  adult  life  and 
followed  by  traumatides  of  the  nature  of  torn 
paptdes  shoiving  no  tendency  to  aggregate  by  fusion, 
and  scattered  discretely,  especially  over  the  extensor 
surface  of  the  limbs.  {Prurigo  simplex,  Brocq. 
P.  temporaria,  Tomniasoli.) 

(1)  Acute  Form. — According  to  Brocq,  the 
onset  is  rather  sudden,  but  without  constitutional 
disturbance.  The  eruption  takes  the  form  of 
firm,  solid,  red  papules,  often  torn  at  the  sum- 
mits and  tipped  with  a  minute  scab.  The  skin 
is  in  the  urticarial  condition,  and  wheals  may 
be  present.  The  papules,  which  are  always 
discrete  and  never  fused  into  patches,  are  dis- 
tributed chiefly  over  the  extensor  surfaces  of  the 
limbs,  especially  the  forearms,  elbows,  knees, 
and  dorsal  surfaces  of  hands  and  fingers.  The 
flexor  surfaces  of  the  limbs  and  the  bends  of 
the  big  joints  are  free,  or  only  very  slightly 
affected.  The  disease  runs  a  course  of  from 
two  to  eight  weeks,  and  ends  in  recovery.  Re- 
lapses are  frequent.  Lichenification  and  eczema- 
tisation  are  not  met  with  in  this  variety.  Ac- 
cording to  Darier,  the  papules  of  P.  simplex 
have  the  same  anatomical  character  as  the 
papules  of  prurigo  of  Hebra.  This  variety  is 
practically  identical  with  lichen  urticatus  of 
children. 

(2)  Chronic  Form. — Objectively  indistinguish- 
able from  the  acute  form,  but  continuing  for 
months  or  years.  Both  these  varieties  are  apt 
to  occur  in  highly  neurotic  persons. 

4.  Pruritus  followed  by  traumatides  secondary 
to  mental  shock. — Many  cases  are  now  recorded 
in  which  a  sudden  mental  shock  or  great  grief 
has  been  followed  by  pruritus.  The  traumatides 
are  not  always  of  the  same  character.  In  some 
cases  the  lesions  take  a  distinctly  lichen  planus 
form.  In  some  of  these  cases  the  pruritus  may 
be  local  instead  of  general. 

5.  Pruritus  with  traumatides  recurring  in 
successive  tvinters  (P.  hiemalis,  Duhring). — This 
class  of  case,  described  by  Professor  Duhring,  of 
Philadelphia,  under  the  name  of  Pruritus  hie- 
malis, is  characterised  by  the  fact  that  the 
pruritus  occurs  only  in  the  cold  weather.  As  a 
rule  it  appears  between  October  and  January, 
and  disappears  in  April  or  May.  The  whole 
body  may  be  affected,  but  generally  it  is  worse 
on  the  extensor  surfaces  of  the  limbs,  e&pecially 
on  the  thighs.  The  itching  is  worse  on  going 
to  bed  and  on  rising  in  the  morning,  and  less 
troublesome  in  the  middle  of  the  day.  The 
traumatides  are  not  pronounced  in  character, 
but  the  skin  may  become  rough,  excoriated, 
and  marked  by  scattered,  torn  papules.  Persons 
who  suffer  from  this  form  of  pruritus  have 
sometimes  remarkably  dry  skins.  According  to 
Corlett,  the  state  of  the  general  health  has  no 
appreciable  effect  on  the  prui-itus.    Local  irrita- 


tion of  clothes  may  aggravate,  but  does  not 
produce  it.  He  believes  that  the  meteorological 
conditions  most  apt  to  provoke  the  pruritus  are 
a  low  temperature,  low  humidity,  with  N.W. 
winds.  The  greater  the  velocity  of  wind  the 
greater  the  pruritus. 

6.  Pruritus  followed  by  traumatides  recurring 
in  successive  summers. — These  cases  are  rarer, 
but  individuals  exist  who  are  more  sensitive  to- 
heat  than  to  cold,  and  whose  pruritus  disappears 
in  the  winter  to  reappear  in  the  summer. 

7.  Pru7-itus  folloiving  pregnancy  and  men- 
struation may  be  local  or  general.  In  certain 
women  it  occurs  with  each  pregnancy  and  sub- 
sides after  delivery.  There  is  nothing  to  dis- 
tinguish it  from  other  forms  of  pruritus  except 
its  association  with  the  physiological  events  of 
pregnancy  and  menstruation. 

8.  Pru7-itus  with  pronounced  and  multiform 
ti'aumatides  concurr'ent  ivith  jaundice,  urcemia, 
diabetes,  or  intestinal  bacterial  toxcemia. — Ac- 
cording to  Besnier,  the  immediate  irritant  is  not 
the  bile  pigments,  urea,  or  sugar,  but  some 
irritant  liberated  by  these  agents.  There  is 
some  condition  of  which  we  are  ignorant,  for 
there  are  many  cases  of  jaundice,  ursemia,  and 
diabetes  in  which  no  itching  occurs.  Objectively 
this  group  is  characterised  by  traumatides  of 
the  nature  of  lichenification  and  eczematisation. 

9.  Pruritus  without  traumatides  in  the  aged' 
(P.  senilis). — These  cases  are  characterised  by 
the  fact  that  scratching  does  not  produce  trau- 
matides, or  at  most  only  a  few  slight  lesions. 
It  is  supposed  to  be  due  to  atrophic  degenera- 
tion of  the  skin.  In  some  cases  it  is  associated 
with  lithsemia,  obstructive  jaundice,  chronic 
Bright's  disease,  and  diabetes  mellitus.  When 
pruritus  becomes  established  in  old  people  it  is. 
incurable. 

10.  Pruritus  affecting  restricted  areas  (P. 
localis). — It  is  a  good  rule  to  assume  that  all 
local  forms  of  pruritus  are  due  to  local  causes- 
until  proved  not  to  be  so. 

(i.)  P.  vulvce  in  children  is  often  reflected 
from  the  rectum,  due  to  the  irritation  of 
ascarides. 

(ii.)  P.  vulvce  in  adults  may  be  provoked  by 
saccharine  urine,  or  acrid  vaginal  discharges. 
It  may  be  a  premonitory  symptom  of  carcinoma 
uteri  (Kaposi).  In  many  cases  we  entirely  fail 
to  discover  any  cause.  Some  persons  have  a 
nervous  history.  One  of  my  patients  presented 
the  following  family  history  :  two  brothers  were 
insane,  the  father  was  "  peculiar,"  and  had  been, 
afflicted  with  sexual  incompetency  ;  the  paternal 
grandfather  was  at  one  time  insane  ;  the  mother, 
now  living,  is  highly  neurotic,  and  would  be 
described  in  society  as  an  "  oddity."  The  itch- 
ing affects  the  labiae  and  the  clitoris,  and  often 
the  lower  part  of  the  vagina.  Prolonged 
scratching  is  apt  to  lead  to  great  induration  of 
the  parts,  and  to  the  formation  of  papules.  But 
in  other  cases  traumatides  may  be  absent,  or 
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tlie  labise  may  be  slightly  hypertemic  and  ex- 
coriated. Pruritus  in  this  region  is  apt  to 
produce  depression  of  spirits.  According  to 
Bronson,  it  may  be  associated  with  voluptuous 
sensations. 

Pruritus  ani. — The  pathological  conditions 
which  give  rise  to  this  troublesome  affection  are 
commonly  to  be  found  within  the  sphincter  or 
iu  the  lower  third  of  the  rectum.  If  the  anus 
is  dilated,  minute  fissures  may  often  be  seen 
lying  between  the  folds  of  skin.  Slowness  of 
circulation,  especially  if  combined  with  varix  or 
hajmorrhoids,  is  a  frequent  cause  of  pruritus. 
In  certain  cases  some  article  of  diet,  such  as 
coffee,  occasions  the  itching.  Itching  in  this 
situation  is  intolerable,  and  scratching  leads  to 
eczema,  with  formation  of  fissures.  Gouty  and 
neurotic  persons  are  more  prone  to  it  than 
others.  In  women  it  may  appear  at  the  meno- 
pause. It  must  not  be  forgotten  that  anal 
pruritus,  like  that  of  the  vulva,  may  be  a 
symptom  of  pathological  changes  in  the  uterus, 
such  as  fibroma  or  carcinoma,  or  of  carcinoma 
of  the  rectum. 

Pruritus  palmm  et plantcB  is  very  rare.  Gouty 
persons  are  more  prone  to  it  than  others. 

Pruritus  linguae  has  been  recorded  in  one  or 
two  instances. 

Treatment 

I.  Management  of  the  Individual.  —  (1) 
General  measures  referable  to  all  cases  of  pruritus, 
whether  associated  with  prurigo  lesions  or  not. — 
Food  must  be  of  good  quality,  and  suitable  to 
the  age  of  the  patient.  The  relative  proportions 
of  fats,  carbohydrates,  and  proteids  have  not 
yet  been  determined,  but  every  case  must  be 
studied  on  its  own  merits.  Ivanow  recommends 
the  introduction  of  a  large  quantity  of  fatty 
food  into  the  dietary  of  prurigo  children.  A 
meal  rich  in  proteids  is  apt  to  aggravate  the 
sensation  of  pruritus.  All  forms  of  alcohol  are 
calculated  to  increase  cutaneous  irritation, 
especially  champagne  and  liqueurs,  but  in  some 
cases  in  which  nutrition  is  subnormal  and  feeble 
whisky  and  water  or  dry  wines  may  be  advis- 
able. Brown-Sequard  draws  attention  to  the 
action  of  coffee  provoking  or  aggravating  pruri- 
tus. If  atony  or  dilatation  of  the  stomach 
exists,  the  meals  should  be  light  and  should  be 
taken  at  shorter  intervals. 

Air. — This  should  be  abundant,  and  as  pure 
as  possible.  If  the  humidity  is  too  low  the  air 
may  cause  irritation.  "Wind,  to  some  individuals, 
is  a  direct  cause  of  pruritus. 

Light  increases  metabolism,  and  so  far  may 
affect  the  pruritus.  Its  physiological  action 
must  also  be  borne  in  mind.  Fermentation  and 
catarrh  in  any  part  of  the  alimentary  canal 
must  be  corrected.  If  muscular  atony  and 
dilatation  of  the  stomach  exist,  massage  and 
graduated  exercises  will  prove  beneficial. 

(2)  Special  measures  to  be  selected  according  to 


the  nature  of  the  case.— In  adults  suffering  from 
pruritus  or  prurigo,  j^est  is  the  great  desideratum. 
By  this  is  not  meant  idleness.  It  is  highly 
desirable  to  enliven  the  patient's  interest  in 
things  around  him.  What  is  needed  is  a  true 
adjustment  of  the  individual  to  his  work,  that 
this  be  so  ordered  that  every  part  of  it  becomes 
effective.  Nothing  is  more  calculated  to  pro- 
duce depression  and  to  wear  a  man  down  than 
ill-directed  work  ending  in  failure.  Harmoni- 
ous work  is  a  great  therapeutic  agent.  Many  a 
patient  may  be  saved  from  misery,  if  not  from 
insanity,  by  giving  him  a  better  method  of 
work.  And  this  principle  applies  to  the  holiday 
times  no  less  than  to  the  hours  of  business. 

Climates  for  priiritus. — This  is  one  of  the 
most  valuable  of  measures  for  restoring  the 
pruritic  patient,  especially  if  associated  with 
exhaustion  from  overwork,  or  with  functional 
disturbance  of  the  nervous  system.  But  whether 
we  send  him  far  or  near,  to  sea  or  country,  to 
hill  or  valley,  must  be  determined  by  a  variety 
of  circumstances  which  calls  for  wise  discrimina- 
tion. Brightness  and  pure  air  are  good,  but 
there  must  be  sympathy  between  the  individual 
and  his  surroundings.  To  send  on  a  long 
voyage  a  hypochondriacal  person  who  hates  the 
sea  is  to  invite  him  to  commit  suicide.  If  such 
an  individual  were  something  of  an  antiquarian, 
he  would  have  a  better  chance  in  the  British 
Museum  studying  coins  or  mummies.  If  there 
is  much  exhaustion,  or  feebleness  of  constitution, 
a  long  journey  is  to  be  avoided,  nor  should 
the  climate  be  too  vigorous.  High  altitudes 
are  not  favourable  to  hysterical  natures,  but 
are  highly  beneficial  to  the  lymphatic  and 
sanguine.  On  the  whole,  a  warm,  equable 
climate  is  the  best — one  in  which  the  indoor 
temperature  corresponds  with  that  out  of  doors. 
Countries  of  sharp  thermal  contrasts,  as  between 
hot  interiors  and  freezing  exteriors,  and  between 
middays  and  evenings,  are  to  be  avoided  by 
the  pruritic.  This  is  probably  one  of  the 
reasons  why  pruritus  is  so  prevalent  in  the 
north-western  States  of  America,  where  the 
people  are  exposed  to  great  disparity  of 
temperature. 

Insomnia  is  one  of  the  great  difficulties  with 
the  pruritic.  Brain  sedatives.  Dr.  Payne 
thinks,  are  advisable.  He  recommends  chloral 
in  full  doses,  and  antipyrin.  Bulkley  speaks 
well  of  gelsemium  and  cannabis  indica.  A 
complete  hot  bath,  especially  if  bran  or  starch 
be  added  to  it,  and  taken  at  bedtime,  sometimes 
affords  great  relief.  Brocq  strongly  advocates 
the  daily  hot  douche.  Electrical  treatment 
has  proved  serviceable  in  some  cases.  The  well- 
to-do  may  avail  themselves  of  the  electric  bath, 
or  large  sponge  electrodes  connected  with  an 
induction  coil  may  be  moved  over  the  surface 
of  the  trunk  and  limbs. 

II.  The  Management  of  the  Skin. — When, 
in  the  course  of  pruritus,  the  nutrition  of  the 
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skin  becomes  affected,  measures  are  required 
to  restore  it  to  a  healthier  state.  The  hot  bran 
bath  followed  by  inunction  can  do  much  towards 
this.  Harsh  dry  skins  should  always  be  anointed 
with  oil  or  salves  morning  and  evening.  The 
addition  of  tar  to  the  ointment  has  a  sedative 
effect.  Kaposi  recommends  beta  naphthol,  and 
more  recently  epicarin,  one  of  the  naphthalin 
compounds.  If  thei-e  is  much  infiltration  and 
thickening  of  the  skin  Hebra's  soap  treatment 
should  be  tried.  This  consists  in  washing  the 
skin  with  a  flannel  and  the  spirit  solution  of 
soft  soap,  afterwards  applying  some  soothing 
ointment.  If  the  pruritus  is  confined  to  a  limb, 
the  occlusion  method  recommended  by  Jacquet 
and  Tennesou  may  be  tried.  Jacquet's  plan  is 
to  fold  cotton-wool  round  the  limb,  and  apply 
over  it  a  bandage  in  such  a  way  as  to  exclude 
air  and  traumatism.  The  results  are  described 
as  astonishing  ;  all  the  lesions  disappear,  and 
in  some  cases,  but  not  all,  the  pruritus  also. 
Tenneson  advises  the  use  of  guttapercha  tissue 
or  indiarubber  dressings.  Colombini  speaks 
favourably  of  menthol  dissolved  in  spirit. 
Cocain  (20  per  cent)  applied  locally  in  the  form 
of  ointment  or  lotion  gives  temporary  relief, 
but  does  nothing  towards  a  cure.  Hatschek 
reports  favourably  of  massage.  Pilocarpine 
injections  are  recommended  by  R.  M.  Simon. 
Good  results  are  said  to  have  been  obtained 
by  the  continuous  electric  current  when  the 
pruritus  is  confined  to  a  limited  area.  But, 
after  all,  none  of  these  measures  touches  the  root 
of  the  disease.  The  only  rational  treatment 
is  that  which  is  based  on  a  study  of  the  in- 
dividual himself. 

Treatment  of  local  p7-uritus.  —  Only  two 
varieties  need  be  discussed  under  this  heading, 
namely,  P.  vulvae  and  P.  ani. 

P.  vulval. — All  local  sources  of  irritation 
must  be  searched  for  and  removed  as  far  as 
possible,  such  as  vaginal  discharges,  fissures, 
saccharine  urine,  ascarides,  hsemorrhoids,  and 
morbid  conditions  of  the  uterus.  Care  must 
be  taken  not  to  overlook  the  presence  of  para- 
sites. If  eczema  be  present,  this  must  be  cured 
{v.  art.  "  Eczema  '').  If  the  labise  are  thickened, 
carbolic  or  tar  ointment  may  be  applied.  In 
some  cases  the  cautious  application  to  small 
areas  of  95  per  cent  carbolic  acid  gives  relief, 
or  even  removes  the  pruritus.  In  obstinate 
cases,  burning  the  parts  thoroughly  with  the 
thermo-cautery  is  effective,  and  may  result  in 
a  complete  cure.  For  this  operation  general 
ansesthesia  is  necessary,  and  the  patient  will 
require  to  remain  in  bed  for  three  or  four 
weeks. 

P.  ani. — Tlie  treatment  of  this  is  similar  to 
that  of  P.  vulvae.  We  must  remember  that  it 
more  often  depends  on  defective  circulation, 
and  that  gouty  remedies  may  be  necessary. 
The  patient's  diet  may  require  regulating.  The 
abuse  of  coffee  should  be  stopped.    As  regards 


local  treatment,  Ohmann-Dumesnil  recommends 
the  application  of  pure  creasote.  Phenol  may 
be  used  as  for  P.  vulvte,  but  neither  this  nor 
the  creasote  should  be  applied  on  consecutive 
days.  If  the  anus  be  kept  firm  and  dry  it  will 
add  much  to  the  comfort  of  the  patient.  This 
may  be  attained  by  sponging  the  parts  with  a 
0'5  per  cent  solution  of  silver  nitrate  or  acetate 
of  lead  in  spirit,  water,  or  nitrous  ether,  and 
after  this  dusting  into  the  anal  passage  a  drying 
antiseptic  powder. 

Pruritus.    See  Prurigo. 

Prussak'S  Space.  See  Ear,  Acute 
Inflammation  of  Middle  Ear  {Introductory, 
Tympanuvi). 

Prussian  Blue  and  Prussiates. 

See  Potash  and  Potassium. 

PruSSiC  Acid.  See  Hydrocyanic  Acid; 
Toxicology  {Cyanogen  Compounds). 

P.S. A.  —  These  letters,  in  Public  Health, 
stand  for  Port  Sanitary  Authority,  which  has 
to  do  with  the  hygiene  of  ships  as  to  over- 
crowding, infectious  diseases,  etc. 

Psaiterium. — A  thin  lamina  of  fibres 
in  connection  with  the  fornix  and  corpus  cal- 
losum  of  the  brain  ;  the  lyra ;  also  the  omasum 
or  manyplies  (q.v.). 

Psammoma.  See  Brain,  Tumours  op 
{^Morbid  Anatomy). — It  is  a  tumour  (fibro-sar- 
comatous)  found  in  connection  with  the  brain, 
and  containing  calcareous  concretions. 

Pseliismus. — Defective  articulation  (Gr. 
i/^eAAds,  unable  to  pronounce  certain  syllables). 

Pseud-  and  Pseudo-.— in  compound 

words  pseud-  and  pseudo-  (Gr.  xl/evhrj'i,  lying  or 
false)  mean  false  or  spurious  ;  e.g.  pseudarthrosis 
(false  joint),  pseudacusis  (disturbed  sense  of 
hearing,  in  which  the  individual  hears  voices 
falsely  as  to  timbre  and  pitch),  and  pseudacon- 
itine  (false  aconitine). 

PseudsesthesiS. — The  imaginary  feel- 
ing of  the  presence  of  organs  or  parts  which 
have  been  removed,  e.g.  the  sensation  of  moving 
the  toes  after  amputation  of  the  leg. 

PseudechiS.  —  See  Snake-Bites  (Colu- 

brine  Snakes,  Elapidoe). 

Pseudoansemia. — Apparent  anaemia, 
as  in  Bright's  disease,  arteriosclerosis,  lead- 
poisoning,  nausea,  etc. 

Pseudo-angina.— False,  spurious,  or 
hysterical  angina  pectoris.  See  Angina  Pectoris 
( Varieties). 

Pse udoapop I exy. — Peculiar  seizures, 
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resembling  apoplexy,  which  may  occur  in  cases 
of  fatty  degeneration  of  the  heart. 

PseudoappendicitiS.— A  hysterical 
affection  simulating  inflammation  of  the  appendix 
vermiformis. 

PseudobaCillUS. — This  term  is  given 
to  fat  crystals  staining  like  the  tubercle  bacillus 
and  occurring  sometimes  in  sputum. 

Pseudobiliary  Colic. — Acute  pain  in 

the  upper  part  of  the  abdomen  resembling  that 
met  with  in  cases  of  gall-stones,  but  due  entirely 
to  nervous  causes. 

PseudoblepsiS. — A  hallucination  of 
vision. 

Pseudobulbar  Paralysis.— Bulbar 

paralysis  of  cerebral  origin.  See  Brain,  Affec- 
tions OF  Blood -Vessels  {Paralysis,  Pseudo- 
bulbar). 

Pseudocavernous  Sig^ns.— The 

physical  signs  usually  associated  with  the 
presence  of  a  vomica  in  the  lung,  but  due  in 
this  case  to  the  contiguity  of  an  area  of 
consolidation  to  a  large  bronchvis. 

Pseudochromaesthesia.— An 

"  anomaly  in  the  perception  of  visual  sensations, 
in  which  the  vowels  in  words  appear  coloured, 
each  having  a  different  tint "  (Hack  Tuke). 

Pseu  doc  roup. — False  croup;  laryn- 
gismus stridulus,  due,  for  instance,  to  post-nasal 
adenoids.  See  Nose,  Post-nasal  Adenoid 
Growths  (Symptoms,  Nervous). 

Pseudocyesis,  or  Spurious 

Preg'nancy.  See  also  Climacteric  Insanity 
(Pseudocyesis) ;  Hysteria  {Digestive  Organs,  Dis- 
orders, Tympanitis)  ;  Menstruation  and  its  Dis- 
orders {Amenorrhoea  from  Nervous  Disturbance). 
— This  comparatively  rare  condition  is  a  variety 
of  a  group  of  cases  recognised  under  the  heading 
of  "  Phantom  Tumours."  It  occurs  chiefly 
amongst  those  who  have  recently  been  married, 
or  who  are  approaching  or  have  reached  the 
menopause,  or  in  cases  where  illicit  intercourse 
has  occurred  followed  by  fear  of  pregnancy. 
Again,  in  some  cases  no  reason  can  be  assigned 
for  the  occurrence  of  this  phenomenon,  while 
in  others  it  may  arise  as  a  result  of  an  eczema- 
tous  patch  in  the  neighbourhood  of  the 
umbilicus,  as  in  a  case  described  by  Sir  William 
Bennett,  or  as  a  result  of  pelvic  peritonitis, 
which  produces  partial  obstruction  of  the 
sigmoid  owing  to  the  formation  of  adhesions. 
Opinions  differ  as  to  method  of  formation  of 
such  tumours.  Some  distinguished  authorities, 
amongst  whom  may  be  mentioned  Addison, 
Gull,  Paget,  Spencer  Wells,  Bennett,  believe 
that  they  arise  by  contraction  of  the  abdominal 
muscles.    While  others,  following  the  researches 


of  M'Ardle  and  Kolipinski,  hold  that  they  are 
generated  by  an  atonic  condition  of  the  intestines, 
which  results  in  the  accumulation  of  gas  and 
consequently  distension.  Sir  James  Y.  Simpson 
was  of  opinion  that  spasm  of  the  diaphragm 
was  the  cause.  It  is  worthy  of  note  that  such 
tumours  are  not  confined  to  the  human  species ; 
they  also  occur  in  the  bitch  and  ass.  Two 
types  may  be  described  amongst  women  who 
suffer  from  this  condition :  in  one  there  is 
abdominal  enlargement,  and  no  other  symptoms 
present  except  those  of  imaginary  foetal  move- 
ments due  to  flatulence ;  in  the  other  there  is 
also  abdominal  enlargement,  and  in  addition 
many  of  the  symptoms  and  some  of  the  signs 
of  an  ordinary  pregnancy.  Amenorrhoea, 
morning  sickness,  mammary  changes,  may  be 
present  in  the  latter  type. 

The  diagnosis  of  the  condition  is  easy, 
provided  that  one  is  not  deceived  by  the  state- 
ments of  the  patient,  and  that  a  physical 
examination  is  made.  Suspicion  as  to  the  true 
state  of  affairs  may  be  aroused  by  the  mental 
attitude  and  age  of  the  patient  as  well  as  by 
incongruity  in  her  statements ;  signs  and 
symptoms  not  developing  in  correct  order,  or 
being  absent  when  they  should  be  present. 
On  examination  it  may  be  found  that  increase 
in  the  size  of  the  breast  and  abdomen  is  due  to 
the  deposition  of  fat.  In  nulliparae  no  mammary 
secretion  can  be  expressed.  Even  in  cases 
where  the  abdomen  is  the  size  of  a  full-time 
pregnancy  the  umbilicus  remains  depressed, 
and  no  fresh  purple  strife  gravidarum  are 
present.  On  percussion  over  the  tumour  the 
note  may  be  dull,  but  not  so  absolutely  dull  as 
over  a  pregnant  uterus.  Auscultation  will  give 
negative  results,  and  though  the  intestines  are 
distended  with  gas,  borborygmi  in  most  cases 
are  not  audible.  On  vaginal  examination  the 
usual  signs  of  pregnancy  are  absent.  Diagnosis 
may  be  confirmed  by  placing  the  patient  under 
the  influence  of  an  antesthetic.  When  complete 
ansesthesia  has  been  reached  the  tumour  gradu- 
ally disappears.  Bennett  recommends  that  the 
hand  should  be  gently  placed  on  the  tumour 
from  the  time  when  administration  of  the 
anaesthetic  is  begun.  During  the  earlier  stages 
it  will  be  found  to  increase  a  little  in  size  and 
hardness.  With  the  onset  of  complete  anaes- 
thesia a  little  quivering  motion  will  be  felt,  and 
then  the  tumour  will  gradually  melt  away  under 
the  hand.    They  never  disappear  suddenly. 

Prognosis. — In  many  cases,  especially  amongst 
recently  married  women,  the  tumour  and  all 
symptoms  of  pregnancy  disappear  when  the  true 
state  of  affairs  has  been  revealed.  In  others, 
again,  the  condition  ends  only  when  a  spurious 
labour  has  convinced  the  patient  of  the  truth 
of  the  obstetrician's  diagnosis.  While  in  some, 
and  more  especially  in  nulliparous  women 
who  have  reached  the  menopause,  it  may  be 
impossible  to  dispel  the  delusion  from  which 
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they  sviffer ;  the  symptoms  may  last  for  years, 
and  spurious  labour  recur  at  intervals. 

Treatment  of  the  condition  in  most  cases  lies 
•entirely  in  convincing  the  patient  that  she  is 
suifering  from  a  delusion.  The  exercise  of  much 
tact  may  be  called  for.  At  the  same  time  an 
•endeavour  should  be  made  to  ascertain  the 
•existence  of  an  underlying  cause,  such  as 
pathological  pelvic  conditions,  and  if  discovered 
this  should  be  attended  to.  Adiposity, 
•dyspepsia,  and  flatulent  distension  should 
receive  appropriate  treatment. 

Pseudodiphtheria.  S'^e  Diphtheria 
{Problems  in  Pathology,  Attenuation  of  the 
Bacillus). 

Pseudoencephalus  or  Pseud- 

encephaiUS. — That  form  of  anencephalus 
in  which  the  basis  cranii  is  covered  with  a  soft, 
spongy,  vascular  mass. 

PseudOg'ensia. — A  taste  hallucination 
•or  false  perception. 

PseudOg^lobulin.  See  Physiology, 
Blood  and  Lymph  [Plasm  and  Serum, 
'Globulins). 

Pseudohermaphroditism.  See 

Hermaphroditism. 

Pseudohydrophobia.— The  imagin- 
ary hydrophobia  of  a  nervous  person  who  has 
been  bitten  by  a  dog  not  suffering  from  rabies. 
.See  Rabies  {Diagnosis). 

Pseudohy  pert  roph  ic  Paralysis. 

See  Muscles,  Diseases  of  {Idiopathic  Muscular 
Atrophy  and  Hypertropihy,  Pseudohypertrophic 
Type) ;  Deformities  {Congenital  Dislocation  of 
Mip,  Diagnosis). 

Pseudohypertrophy.  See  Hyper- 
trophy {Pseudohypertrophy). 

PseudolieuS.  —  A  form  of  intestinal 
obstruction.  See  Ovaries,  Diseases  op  {Com- 
plicatimis  following  Ovariotomy). 

Pseudoleukaemia.  —  Hodgkin's  dis- 
ease. See  Lymphatic  System  {Lymphadenoma)  ; 
Rickets  {Associated  Conditions,  Pseudoleukcemia 
Infantum). 

PseudoiipOrrfa.  — •  Localised  oedema, 
•  especially  in  the  supraclavicular  regions  in 
cases  of  myxa;dema. 

Pseudomembrane.  —  A  false  mem- 
brane, e.g.  in  diphtheria  {q.v.). 

Pseudomening^itiS.  See  Hysteria 
!N  Childhood  {Sy^nptoms,  Pseudomeningitis 
Hysterica). 

Pseudomnesia. — A  false  memory,  the 
individual    so    aiTected    "  believing    that  he 


remembers  facts  that  never  existed "  (Hack 
Tuke). 

Pseudomucin.  A  substance  resem- 
bling mucin,  found  especially  in  some  ovarian 
cysts  {q.v.). 

Pseudoparalysis.  See  Rickets 
{Clinical  Features,  Muscles  and  Ligaments) ; 
Scurvy,  Infantile  {Diagnosis). 

PseudOpSia. — False  vision. 

Pseudoptosis.  See  Ocular  Muscles, 
Affections  of  {Paralysis,  Etiology,  Nuclear 
Ptosis). 

Pseudosclerosis.  See  Paralysis 
{Disseminated  Sclerosis,  Diagnosis). 

PseudOSmia. — False  sense  of  smell. 

PseudOSteomalacia.— The  malady 
of  the  bones  due  to  late  rickets  and  therefore 
simulating  osteomalacia  or  malacosteon.  See 
Labour,  Prolonged  {Pelvic  Deformities,  Pseudo- 
osteomalacic  Pelvis). 

Pseudotabes.  See  Nerves,  Multiple 
Peripheral  Neuritis  {Symptoms,  Ataxia  or 
Pseudotabes). 

Pseudotuberculosis. — A  disease 
resembling  tuberculosis  met  with  in  animals, 
and  due  to  protozoa  and  to  bacteria  other  than 
the  tubercle  bacillus ;  it  is  rare  in  man. 

PsllOSiS.    See  Sprue. 

Psittacosis. — A  disease  of  birds  (Gr. 
i/^tTTaKos,  a  parrot)  which  is  believed  to  cause  an 
atypical  pneumonia  in  the  human  subject. 

Psoas  Abscess.  See  Kidney,  Surgical 
Affections  of  {Renal  Fistula) ;  Spine,  Surgical 
Affections  of  {Spinal  Caries,  Complications, 
Psoas  Abscess). 

Psoas  Muscle.  See  Spine,  Surgical 
Affections  {Dijuries  of  Lumbar  Plexus) ;  Hip- 
Joint,  Diseases  of  {Diagnosis  of  Hip-Joint 
Disease,  Lesions  of  Psoas  Muscle). 

Psoitis.  —  Inflammation  of  the  psoas 
muscles. 

Psora.    See  Scabies. 
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See  also  Alopecia  {Associated  Diseases) ;  Gout 
{Irregular,  Cutaneous  System) ;  Hydropathy 
{Uses,  Affections  of  the  Skin)  ;  Leucocytosis 
{Eosinophilic,  in  Psoriasis)  ;  Nails,  Affections 
OF  THE  {In  Psoriasis) ;  Rheumatism,  Acute 
{Cutaneous  Manifestations) ;  Rheumatism,  Rheu- 
matoid Arthritis  {Psoriasis) ;  Rheumatism, 
Chronic  {Clinical  Features). 

Synonyms  :  Lepra  (Willan),  Alphos  (E.  Wilson) 
are  both  obsolete.  Fr.  Psoriasis ;  Ger.  Psoriasis, 
Schuppenfiecle. 

Definition. — A  chronic  and  recurrent  dis- 
ease, characterised  by  dry,  red  inflammatory 
discs  almost  concealed  by  a  crust  of  adherent 
silvery  scales. 

Clinical  Features. — Psoriasis  is  one  of  the 
most  common  diseases  of  the  skin  in  Northern 
Europe,  where  it  constitutes  from  seven  to  eight 
per  cent  of  all  skin  diseases  ;  while  in  Southern 
Europe  and  America  it  only  occurs  in  from  two 
to  three  per  cent.  In  private  practice  it  is  the 
second  most  common  disease. 

Most  of  the  varieties  created  by  older  writers 
were  artificial,  and  little  more  than  convenient 
labels  for  different  stages  in  the  evolution  and 
involution  of  the  disease,  their  chief  justification 
being  that  the  eruption  may  stop  at  any  of  the 
stages  for  a  considerable  time,  and  even  dis- 
appear without  traversing  the  complete  gamut 
of  development  and  involution. 

Psoriasis  commences  as  a  papule  the  size  of  a 
pin's  head,  slightly  reddened  and  scaly  from 
the  first,  though  sometimes  a  slight  scratch 
with  the  nail  is  required  to  demonstrate  the 
scaly  cap.  This  stage  is  P.  punctata.  It  soon 
flattens  and  enlarges  peripherally  to  a  scaly 
spot  (P.  guttata),  and  this  again  to  a  disc  which 
may  develop  to  or  stop  short  at  any  size  from 
a  threepenny  to  a  crown  piece  (P.  nummulata). 
Isolated  patches  are  seldom  larger  than  this, 
but  by  coalescence  with  other  patches  an  ex- 
tensive area  may  be  covered  (P.  diff'usa),  the 
borders  of  which  are  gyrately  outlined.  In  the 
retrogressive  stage,  involution  commences  in 
the  centre,  by  a  diminution  in  redness  and 
scaliness  going  on  to  complete  clearing  away, 
leaving  a  circle  with  raised  scaly  border  and 
normal  or  slightly  pigmented  centre  in  an 
isolated  disc,  or  an  irregular,  gyrately  outlined 
area  with  the  border  one-eighth  to  one-quarter 
inch  wide  in  a  compound  patch.  In  a  few  cases 
these  circinate  and  gyrate  patterns  are  formed 
primarily  from  the  eruptive  elements  having 
formed  at  and  followed  the  distribution  of 
the  hair  follicles,  which  constitutes  what  Willan 
called  Lepra,  a  term  now  restricted  to  leprosy. 

Reverting  to  the  nummulate  stage,  which 
may  be  considered  as  the  most  typical  condition, 
it  may  be  observed  that  the  lesion  is  a  disc 
slightly  elevated  above  and  sharply  defined  from 
the  surrounding  healthy  skin.  All  but  the 
extreme  edge,  and   sometimes   even  that,  is 


covered  with  a  white  crust  of  adherent  scales, 
their  silvery  hue  being  due  to  inclusion  of 
minute  air-bubbles  in  their  substance.  This 
crust  is  not  easily  attachable  until  involution 
sets  in,  but  if  removed  forcibly  the  exposed  base 
is  seen  to  be  of  a  red  colour,  with  still  brighter 
red  points  upon  it  which  bleed  readily,  and  are 
really  the  tops  of  exposed  and  enlarged  papilke 
of  the  cutis.  The  thickness  of  the  crust  varies 
greatly,  and  in  extreme  instances  the  scales  are 
heaped  up  into  a  conical  crust  like  rupia,  hence 
the  term  P.  rupioides.  In  almost  all  cases  the 
crust  is  entirely  composed  of  scales,  but  occa- 
sionally there  is  slight  pustular  exudation 
mixed  with  them,  hence  P.  empyodes. 

Itching  is  not  a  marked  feature  as  a  rule,  but 
in  gouty  and  alcoholic  patients,  and  whenever 
there  is  marked  hyperpcmia,  the  irritation  may 
be  very  pronounced,  and  the  consequent  scratch- 
ing produces  thickening  of  the  patches,  blood 
crusts,  and  excoriations. 

The  distribution  of  the  eruption  is  an  im- 
portant feature  in  the  general  picture  of  the 
disease.  Symmetrical  in  the  main,  there  is  a 
selective  affinity  for  the  extensor  aspects  of 
the  limbs,  especially  about  the  elbows  and 
knees,  where  the  patches  are  apt  to  aggregate 
and  coalesce  even  when  scattered  discretely 
in  various  sized  discs  over  other  parts  of  the 
body  surface.  No  part  of  the  body  is  absolutely 
exempt  from  the  eruption,  but  the  palms,  and 
soles,  and  lower  part  of  the  face  visually  escape 
altogether,  or  are  but  slightly  involved ;  but 
sometimes  they  are  the  first  and  the  worst  parts 
affected.  As  a  rule,  next  in  order  to  the  limbs, 
the  scalp  and  the  back  of  the  trunk  are  most 
frequently  and  extensively  involved.  When 
every  region  of  the  body  is  extensively  invaded 
P.  universalis  is  present,  but  there  are  always 
some  areas  of  healthy  skin. 

In  a  well-marked,  fully-developed  case,  in 
a  general  survey,  the  eruption  may  be  seen  in 
all  stages  of  development  at  once,  affecting  a 
large  portion  of  the  body  surface  ;  but  however 
long  the  eruption  has  been  out,  and  the  patches 
have  grown  and  coalesced,  there  are  always 
some  areas  left  clear  of  eruption.  In  most 
cases,  however,  there  are  in  the  first  attack  very 
few  patches,  and  these  may  be  confined  to  one 
or  two  regions,  such  as  the  knees,  elbows,  or 
scalp,  for  a  very  long  time,  and  then  either 
gradually  or  rapidly  extend.  On  the  other 
hand,  in  some  patients  who  have  had  previous 
attacks  there  may  be  an  abundant  outbreak 
from  the  tirst ;  the  eruption  comes  out  in  ci-ops 
at  short  intervals,  and  speedily  involves  every 
region  of  the  body.  Between  these  extremes 
there  are  all  gradations. 

Most  cases  run  a  very  slow  course,  and  whilst 
some,  especially  young  subjects,  may  lose  their 
eruption  spontaneously  for  a  time,  in  others 
there  are  remissions  only,  the  disease  lasting, 
unless  vigorously  treated,  for  many  years. 
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Whether  the  ei'iiption  is  removed  by  time  or 
by  treatment,  recurrence  is  the  rule,  to  which 
there  are  but  few  exceptions.  And  whilst  in 
some  patients  the  interval  of  freedom  is  only 
a  matter  of  weeks  or  months,  a  few  go  for 
years  without  a  fresh  attack.  The  eruption 
leaves  behind  it  a  redness  or  slight  staining  at 
the  site  of  eruption,  but  in  some,  especially 
when  treated  with  arsenic,  the  pigmentation 
is  marked  and  persistent.  The  converse,  how- 
ever, may  occur ;  transitory  achromia  is  often 
left  after  treatment  by  chrysarobin,  but  in  rare 
cases  it  occurs  persistently  without  apparent 
cause,  and  even  scarring  may  be  produced  with 
slightly  increased  pigmentation  round  the  patch. 

Even  when  the  eruption  is  very  extensive 
the  general  health  is  unaffected  by  the  skin 
lesions,  but  their  condition  is  often  influenced 
by  the  general  health  of  the  patient,  deteriora- 
tion in  which  may  determine  an  outbreak  or 
aggravate  an  attack. 

Acutely  inflammatory  cases  present  a  totally 
different  picture  from  the  subacute,  more 
typical  form  previously  described.  While  the 
extensor  aspect  of  the  limbs  is  still  the  most 
frequent  position  for  it  to  start  from,  it  is 
much  more  indiscriminate  in  its  origin  and 
distribution  (in  one  case  under  the  author  it 
always  began  on  the  palms  and  soles),  large 
areas  are  speedily  involved,  and  the  bordei's 
are  much  less  defined  than  in  the  familiar 
discs ;  the  ground  colour  is  an  intensely  bright 
red,  and  the  scales  are  not  in  glistening 
adherent  crusts,  but  in  flaky  scales  which  shell 
oft"  readily  and  frequently  in  large  quantities, 
the  general  aspect  approaching  that  of  pityriasis 
rubra,  into  which  it  sometimes  merges  and  then 
runs  the  course  of  that  disease. 

Limited  areas  with  these  characters  may  be 
seen  sometimes  in  elderly  persons,  and  even 
have  a  somewhat  eczematous  character  though 
the  patch  is  generally  dry,  and  the  condition 
Devergie  called  P.  eczemateux  is  produced. 

On  the  palms  and  soles,  it  is  seldom  seen 
without  being  present  extensively  elsewhere. 
It  usually  shows  itself  by  thickening  of  the 
horny  layer  in  small  patches,  and  when  this 
splits  off  it  leaves  whitish  spots  with  a  worm- 
eaten  appearance.  It  is  sometimes  seen  in 
scaly  patches  which  may  be  heaped  up  con- 
siderably, but  has  not  the  lamellar  aspect  of 
the  disease  in  other  parts.  In  a  few  instances 
the  disease  has  been  limited  to  the  hands, 
including  the  palms,  for  many  years.  The 
term  palmar  psoriasis  is  sometimes  misapplied 
to  dry  palmar  eczema  and  a  secondary  scaly 
syphilide  of  the  palm. 

Sweat-diLct  paoriasis  is  generally  unrecognised. 
The  lesions  are  only  one-eighth  of  an  inch  in 
diameter,  but  may  cover  a  great  part  of  the 
trunk  or  limbs.  Although  acuminate  papules 
at  first,  they  soon  flatten  out  into  slightly  scaly 
spots. 


Follicular  Psoriasis. — In  this  the  primary 
papule  is  at  the  hair  follicle  and  remains 
attached  to  it.  The  papules  may  be  only 
millet-seed  to  hemp-seed  sized,  with  a  scaly 
top,  or  rather  larger  and  not  so  convex.  The 
eruption  enlarges  at  the  margin  very  little, 
if  at  all,  so  that  the  original  character  is  pre- 
served. The  hair  growth  is  unaffected  in  most 
cases  of  the  usual  type,  although  the  eruption 
may  be  very  thick  upon  the  scalp  ;  but  in  the 
acutely  inflammatory  cases  the  hair  is  shed 
profusely,  even  to  complete  denudation  of  the 
affected  area. 

The  nails  are  frequently  affected  both  in 
acute  and  chronic  cases.  The  most  common 
and  characteristic  change  begins  on  one  side 
at  the  distal  end,  where  it  is  of  a  dirty  yellow 
colour,  thickened  and  separated  from  its  at- 
tachments ;  this  may  extend  all  the  way  down, 
or  the  whole  nail  may  be  discoloured,  pitted, 
furrowed,  transversely  thickened,  and  raised  up 
from  its  bed  by  proliferated  horny  scales.  The 
nail  changes  may  commence  at  the  root,  distal 
end,  or  other  part  of  the  nail  blade.  The 
mucous  membranes  are  almost  exempt  in  psori- 
asis, though  a  few  cases  are  on  record  affecting 
the  palpebral  conjunctivse  and  the  mouth.  The 
so-called  psoriasis  linguae  is  a  misnomer,  and 
although  leucopathia  linguae  is  occasionally  seen 
in  psoriatic  subjects  the  conjunction  is  acci- 
dental. Among  the  rarer  complications  are 
scarring,  keloid,  papillary  development,  either 
soft  or  warty,  and  from  this  even  epithelioma 
may  result.  Sometimes  the  warty  and  epithelio- 
matous  growths  ensue,  not  directly  from  the 
psoriasis,  but  as  the  result  of  excessive  arsenical 
treatment. 

Etiology. — Sex  has  probably  no  influence  in 
predisposing  to  the  eruptions.  Statistics  vary 
in  their  results  in  different  countries.  In  the 
author's  hospital  cases  the  females  were  as  two 
to  one,  and  in  private,  males  and  females  were 
equal. 

Age. — In  the  author's  statistics  of  over  800 
cases,  72  per  cent  begin  before  thirty  years  ; 
the  numbers  before  twelve,  between  twelve  and 
twenty,  and  between  twenty  and  thirty,  being 
equal.  Twenty-two  per  cent  begin  between 
thirty  and  fifty,  in  equal  numbers  in  the  two 
decades,  and  only  5  per  cent  over  that  age  ; 
below  five  years  probably  not  1  per  cent,  and  it 
is  very  rare  under  two  years,  but  there  are  a 
few  recorded  in  the  first  year  of  life,  the  youngest 
being  thirty-eight  days,  and  this  was  said  to 
have  commenced  in  the  first  week  of  life  (Rille). 
At  the  other  extreme  stands  Watson's  case  with 
the  first  attack  at  eighty-five. 

Heredity.  —  This  is  generally  considered  to 
play  an  important  part  in  the  production  of 
psoriasis,  though  Bulkley  and  Rosenthal  said 
that  it  could  only  be  proved  in  15  per  cent  of 
their  cases,  but  it  was  probably  in  a  much 
higher  percentage.    Nielssen  disputes  heredity 
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altogether,  and  ascribes  it  all  to  family  con- 
tagion ;  but  there  are  only  a  few  isolated  cases 
in  which  inoculation  seemed  probable,  including 
a  few  cases  of  vaccination  psoriasis  and  one  of 
experimental  inoculation  (Destot) ;  Ducrey's 
extensive  series  of  experiments  failed,  and  there 
is  a  general  concurrence  of  opinion  that  there 
is  very  little  evidence  to  support  a  theory  of 
contagion  in  this  disease.  The  practical  facts 
remain,  that  if  one  or  both  parents  suiTer  from 
psoriasis  one  of  a  family  of  several  children  will 
be  nearly  sure  to  get  it ;  but  it  is  seldom  that 
several  in  the  same  family  have  it,  a  fact  rather 
against  the  idea  of  contagion. 

Excessive  meat  eating  is  said  to  be  a  cause  of 
this  disease,  and  vegetarianism  is  recommended 
as  a  preventative ;  but  the  author  had  as  a 
patient  a  girl  of  thirteen  with  well-marked 
psoriasis,  who  was  born  with  a  dislike  to  meat 
and  had  scarcely  touched  it  all  her  life. 

Possibly  after  thirty  excessive  meat  eating 
may  be  conducive  to  gouty  symptoms,  and 
thus  to  some  extent  be  a  favouring  influence. 
Gout  does  not,  however,  play  a  large'  part  in 
this  respect,  while  rheumatoid  arthritis,  con- 
sidering its  comparative  rarity,  seems  to  be 
strongly  predisposing  to  it.  After  forty,  gout 
plays  a  more  important  part,  but  has  to  share 
with  other  factors  only  16  per  cent  of  all 
psoriasis  cases. 

A  few  cases  have  developed  soon  after  nerve 
shocks  from  grief,  anxiety,  etc.  ;  but  diseases 
of  the  nervous  system  play  a  much  less  import- 
ant role  than  PolotebnofF  claims  for  them. 
Speaking  in  general  terms,  it  may  be  said  that 
in  a  large  proportion  of  cases  beginning  after 
thirty,  defects  of  health,  chiefly  in  the  direction 
of  faulty  assimilation  or  arthritic  lesions,  are 
present,  while  younger  subjects  generally  appear 
healthy,  with  ruddy,  clear  complexions,  though 
in  a  good  number  even  of  these  they  are  not 
up  to  their  own  highest  standard,  and  any 
depressing  influence  will  often  determine  an 
attack.  The  most  striking  example  is  in  psori- 
atic women  who  suckle  their  children ;  this 
almost  always  leads  to  a  severe  and  extensive 
outbreak. 

Pathology.  —  The  pathogeny  of  psoriasis  is 
unknown.  One  theory  is  that  it  is  the  outcome 
of  a  neurosis ;  but  even  then  parties  are  not 
agreed,  some  assuming  that  it  is  a  vaso-motor 
defect,  others  that  it  is  a  central  or  peripheral 
tropho-neurosis.  The  other  theory  is  that  it  is 
due  to  an  organism,  doubtless  schizomycetic. 
This  is  probably  the  correct  view,  but  the  sym- 
metry and  rapid  widespread  development  so  fre- 
quently seen  postulate  that  the  organism  is  in 
the  blood  when  this  occurs.  The  frequent  oc- 
currence of  one  or  two  patches  remaining 
isolated  for  a  long  time,  and  then  the  rapid 
occurrence  of  generalisation  in  some  cases,  is 
suggestive  of  a  primary  invasion  of  the  skin 
and  subsequent  absorption  into  the  circulation, 
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analogous  to  what  occurs  in  pityriasis  rosea. 
Cases  of  slow  extension  and  of  distal  nail  inva- 
sion may  be  explained  by  local  inoculation. 

The  organism  is  probably  a  very  common 
one,  but  only  certain  persons  grow  it,  and 
heredity  is  explicable  as  an  inherited  tissue 
proclivity  to  the  growth  of  the  organism  if  ex- 
posed to  it.  Unna's  view  that  psoriasis  is  the 
extreme  end  of  the  chain  of  the  seborrha3ic 
process  does  not  meet  with  much  acceptance. 

Anatomically,  the  changes  are  those  of  moder- 
ate inflammation  in  the  papillary  layer  of  the 
corium  with  pronounced  vascular  dilatation ; 
enormous  increase  of  the  horny  layers  with 
separation  of  the  lamellse;  increased  develop- 
ment of  the  prickle  cell  layers  except  over  the 
papillae ;  great  down-growth  of  the  inter-papil- 
lary processes  and  consequent  enlargement  of 
the  papillae. 

The  interpretation  of  these  changes  is  a 
matter  of  controversy.  While  some  regard  the 
process  as  one  of  inflammation  of  a  mild  type,, 
others  say  that  the  inflammatory  changes  are 
secondary  to  the  rete  changes,  and  one  of  the 
most  recent  observers  asserts  that  the  first 
change  is  in  the  horny  layers,  but  this  is  im- 
probable. 

Diagnosis.  —  An  ordinary  case  presents  no 
difficulties,  the  symmetrical  distribution  pre- 
dominating on  the  extensor  surfaces,  especially 
the  elbows  and  knees,  the  discoid  shape,  well- 
defined  border,  and  spongy  crust  of  adherent 
silvery  scales  almost  concealing  the  reddened 
base ;  and  when  the  scales  are  picked  off",  the 
bright  red,  easily  bleeding  points  which  are 
exposed,  and  the  dry  character  of  the  inflamma- 
tion, make  up  a  very  characteristic  group  of 
symptoms. 

Difficulties  arise  when  some  of  the  above 
symptoms  are  absent,  ill-marked,  or  modified 
by  various  conditions. 

Symmetry  may  be  absent  from  some  local 
cause,  or  in  the  early  stage  of  the  first  attack, 
when  it  may  be  unilateral  for  some  time.  The 
discoid  shape  is  often  lost  or  obscured  by  coales- 
cence. The  crust  of  scales  may  be  removed 
by  washing,  as  on  the  hands,  or  by  some  appli- 
cation, before  the  case  comes  under  observation. 

In  very  pruritic  cases,  the  patch  may  be 
scratched  into  an  eczematous  condition,  so  that 
it  is  no  longer  a  dry  inflammation,  but  very 
often  only  blood  crusts  are  produced.  The 
diseases  most  like  psoriasis  are  dry  patches  of 
eczema,  especially  seborrhoeic  forms ;  lichen 
planus  patches,  pityriasis  rosea,  sqviamous  syph- 
ilides,  tinea  circinata,  and  some  scaly  forms 
of  lupus  erythematosus. 

The  patches  of  eczema,  even  when  round  and 
better  defined  than  usual,  as  in  the  seborrhoeic 
form,  are  never  thickly  covered  with  scales,  and 
what  there  are,  are  in  a  single  layer,  and  in  no 
way  conceal  the  ground  colour.  There  are  no 
bright  red  points,  as  in  psoriasis,  and  serous. 
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exudation  is  readily  produced  by  scratching. 
The  ordinary  weeping  and  crusted  eczema  is 
not  likely  to  give  rise  to  doubt. 

Lichen  Planus. — When  lichen  planus  papules 
coalesce  into  a  patch,  it  becomes  raised,  well- 
defined,  and  somewhat  scaly.  It  is  never  so 
scaly  as  psoriasis  ;  it  almost  always  has  a  viola- 
ceous hue,  which  should  suggest  the  idea  of 
lichen  planus,  and  then  careful  search  will 
almost  always  find  some  of  the  characteristic 
flat,  angular  papules,  either  near  the  patch  or 
in  some  one  or  more  of  the  favourite  positions 
of  lichen  planus. 

In  the  psoriasiform  seborrhoeic  dermatitis, 
the  resemblance  is  sometimes  very  close  in  some 
of  the  patches,  but  the  distribution  is  different, 
the  axillae,  trunk,  and  groins  are  the  usual  seats 
of  secretion,  the  scales  are  much  less  abundant, 
and  are  not  in  silvery  crusts,  but  scanty  and 
dull  from  the  large  admixture  of  fat,  and  sebor- 
rhoea  capitis  is  almost  sure  to  be  present.  The 
patches  themselves  are  bright  red  and  well 
defined,  but  are  often  not  circular. 

Pityriasis  rosea. — Here,  although  there  are 
well-defined  scaly  discs  in  many  of  the  cases, 
they  are  altogether  more  delicate  than  those  of 
psoriasis.  They  are  very  little  raised  above  the 
surface,  the  ground  colour  is  paler,  and  the 
scales  are  very  fine  and  scanty.  The  lower 
segments  of  the  limbs  are  nearly  always  free, 
and  the  eruption  is  acute  in  development,  and 
disappears  spontaneously  in  a  few  weeks  in 
most  cases,  although  in  some  it  lasts  a  few 
months. 

Squamous  Syphilides. — The  small,  scaly  syph- 
ilide  of  the  early  secondary  period  is  the  most 
like  an  early  psoriasis.  In  the  syphilide,  the 
distribution  favours  the  flexor  rather  than  the 
extensor  aspect  of  the  limbs,  although  not  very 
decidedly ;  the  eruption  is  more  uniformly  dis- 
tributed than  in  psoriasis.  The  patches  are 
always  small,  seldom  over  half  an  inch,  the 
scales  are  scanty  and  dirty-looking,  the  ground 
colour,  though  fairly  bright  red  at  first,  soon 
acquires  a  dirty,  brownish-i-ed  tint.  The  erup- 
tion comes  out  in  crops,  so  that  all  stages  are 
present  together ;  the  faded  eruption  leaving 
very  marked  staining.  Further,  it  is  common 
to  find  more  than  one  kind  of  eruption  out  at 
the  same  time,  and  there  are  almost  sure  to  be 
the  corroborative  symptoms  of  syphilis  in  the 
glands,  mouth,  eyes,  hair,  etc. 

The  circinate  and  orbicular  syphilide  is  some- 
thing like  the  circinate  psoriasis.  Here  again 
the  distribution  is  different.  The  syphilide  is 
most  common  at  the  nape,  forehead,  and  around 
the  nose,  while  it  is  absent  from  the  usual  psori- 
asis positions,  and  seldom  attacks  the  limbs  at 
all.  The  scales  are  less  abundant,  the  rings  are 
primary,  and  not  therefore  formed  from  a  disc 
clearing  in  the  centre,  and  being  an  early  erup- 
tion corroborative  symptoms  are  sure  to  be 
present. 


A  tertiary,  circinate,  scaly  syphilide  more 
closely  resembles  a  psoriasis  lesion,  but  the 
patches  are  generally  few  in  number,  not  sym- 
metrical, are  not  in  the  psoriasis  positions,  often 
on  the  face  are  more  heavily  crusted,  and  when 
the  crust  is  removed  ulceration  is  often  present 
in  some  of  the  lesions,  while  the  centre  of  the 
patch  frequently  shows  atrophic  scarring  ;  scars 
of  previous  lesions  also  are  often  present. 

Tinea  Circinata.  —  The  small  number  of 
lesions,  the  want  of  symmetry,  and  chance  dis- 
tribution, the  scantiness  of  the  scales,  the  finely 
papular  border,  and  the  very  definite  circular 
shape  of  the  patch  or  ring  ought  to  prevent 
error.  Scrapings  well  soaked  in  liquor  potassse 
would  show  the  mycelium  of  the  fungus. 

Pityriasis  rubra  is  only  like  the  acutely  in- 
flammatory psoriasis,  and  can  only  be  mistaken 
in  the  early  stage.  In  advanced  cases  the  uni- 
versality of  the  eruption,  the  large,  flaky,  loose 
scales,  and  the  intensely  red  surface  are  dis- 
tinctive. In  acute  psoriasis  there  are  always 
some  areas  of  healthy  skin,  the  scales  are 
smaller  and  less  flaky,  and  all  the  symptoms 
are  less  developed  or  intense. 

In  all  the  above  long  list  of  diseases  pre- 
senting more  or  less  resemblance  to  psoriasis, 
errors  arise  from  not  taking  all  the  points  into 
consideration,  and  laying  too  much  stress  on 
one  or  two  points  of  resemblance. 

Prognosis. — The  prognosis  is  good  for  any  one 
attack  if  efficiently  treated,  but  it  is  impossible 
to  promise  a  permanent  cure.  The  interval  of 
freedom  may  be  short  or  long,  a  few  cases  being 
several  years  without  a  recurrence.  Immunity 
is  most  likely  to  be  secured  by  persevering  in 
the  treatment  until  every  spot  has  been  removed. 

Treatment. — A  judicious  combination  of  in- 
ternal and  external  treatment  is  the  most  rapid 
method  of  removing  the  eruption,  although 
there  are  many  cases  in  which  either  method 
alone  could  be  made  successful  in  skilled  hands. 

There  are  no  known  means  by  which  recurrence 
can  be  prevented,  though  by  keeping  the  patient 
up  to  the  highest  standard  of  health  attacks 
are  less  likely  to  occur,  and  by  treating  them 
promptly  when  they  do  appear,  the  extent  and 
severity  may  be  minimised.  None  of  the  so- 
called  specifics  have  a  prophylactic  action,  and 
some  are  injurious  at  the  developmental  period. 
Complete  removal  of  every  spot  gives  the  best 
chance  for  prolonged  immunity. 

Whenever  any  defective  general  health  can 
be  detected,  the  soundest  practice  is  to  treat 
that  on  the  general  principles  of  medicine  what- 
ever the  condition  of  the  skin  may  be ;  but 
inasmuch  as  in  psoriasis  under  thirty  there  is 
often  no  defect  of  health  discoverable,  there  are 
a  certain  number  of  drugs  which  experience  has 
shown  have  a  beneficial  action  on  the  diseased 
skin  of  many  persons,  although  we  cannot 
always  explain  their  modus  operandi. 

For  a  long  time  arsenic  was  considered  to  be 
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the  only  drug  which  had  a  material  effect  on 
psoriasis,  and  was  facile  princeps.  Of  late  years 
thyroid  extract,  salicin  and  its  derivatives,  and 
iodide  of  potassium  in  heroic  doses  have  come 
in  as  valuable  aids  in  the  treatment  of  this  often 
obstinate  disease.  Their  indications  and  limita- 
tions are  as  follows  : — 

Arsenic. — While  arsenic  has  an  indubitable 
influence  on  the  eruption,  in  many  cases  it 
must  be  confessed  that  it  very  often  fails,  and 
sometimes  aggravates  the  eruption,  both  as 
regards  itching  and  the  evolution  of  fresh 
patches.  In  many  cases  the  drug  must  be 
given  in  large  doses  and  for  a  long  period  before 
any  beneficial  effect  can  be  obtained.  It  has  no 
prophylactic  effect. 

As  regards  the  eruption,  arsenic  should  not 
be  given  in  the  acutely  inflammatory  form,  nor 
whenever  the  patches  are  very  hypersemic,  show 
a  great  tendency  to  spread  at  the  margin,  or 
when  new  lesions  are  coming  out  rapidly. 

Its  most  favourable  effects  are  seen  when  the 
hyperaemia  is  moderate  and  the  disease  is 
stationary,  or  where  there  are  only  a  few  chronic 
patches. 

As  regards  the  patient,  many  are  intolerant 
of  it  even  in  small  doses,  but  while  young  people 
with  good  digestive  organs  can  generally  take 
fairly  large  doses  for  some  time  without  con- 
spicuous ill-effects,  it  should  not  be  given  to 
persons  with  an  irritable  gastro-intestinal  mucous 
membrane,  or  with  defective  powers  of  elimina- 
tion. 

It  may  be  given  either  in  a  solid  or  liquid 
form  by  the  mouth,  and  rarely  by  subcutaneous 
injection. 

When  the  solid  form  is  chosen  the  Asiatic 
pill  is  the  favourite  mode  in  Germany.  R 
Arsenious  acid,  grs.  8| ;  powdered  black  pepper, 
grs.  67| ;  gum  Arabic  and  water  sufficient  to 
make  a  mass  which  is  divided  into  100  pills, 
each  containing  j-Vth  of  a  grain.  From  one 
to  three  pills  three  times  a  day  are  given,  in 
Germany,  before  meals,  but  it  is  much  less 
likely  to  upset  the  stomach  if  taken  after 
meals;  if  there  is  not  a  decided  effect  after 
500  pills,  arsenic  may  be  considered  to  have 
failed. 

In  England  arsenite  of  potash  in  the  form  of 
Fowler's  solution  is  usually  chosen  ;  it  has  the 
advantage  of  being  dilutable  to  any  extent,  and 
therefore  less  likely  to  upset  the  stomach;  it 
contains  1  grain  of  arsenious  acid  in  110  minims, 
and  the  average  dose  is  rriv.  three  times  a  day^ 
but  it  is  best  to  begin  with  rriiij.  and  gradually 
increase  it  to  mx.,  according  to  the  patient's 
tolerance.  It  should  be  given  after  meals  and 
diluted  with  at  least  two  ounces  of  water,  and 
is  often  best  combined  with  a  bitter,  such  as 
tincture  of  hop,  tTlxx. 

If  the  patient  can  bear  it,  it  may  have  to  be 
taken  for  three  months  before  striking  benefit  is 
observed ;  but  it  often  has  to  be  given  up  long 


before  this,  from  its  irritant  effects  on  the 
gastro-intestinal  canal,  prodvicing  dyspepsia, 
griping,  and  diarrhoea,  or  from  its  producing 
other  toxic  effects,  of  which  pricking  of  the 
conjunctiva  and  puffiness  of  the  eyelids  and  a 
coated  tongue  are  among  the  earliest  symptoms, 
and  should  indicate  a  diminished  dose,  if  not 
an  actual  withdrawal  of  the  drug.  The  site  of 
the  patches  is  more  deeply  and  persistently 
pigmented  than  usual  in  cases  treated  by 
arsenic.  Patients  who  take  arsenic  for  a  long 
period  become  generally  pigmented,  while  kera- 
tosic  and  warty  thickenings  develop  on  the  palms 
and  soles,  but  only  in  a  few  would  such  symp- 
toms arise  unless  the  dose  was  large  or  long 
continued.  Epithelioma  may  develop  on  the 
warty  thickenings  many  years  after  the  arsenic 
has  been  left  off,  in  one  of  the  author's  cases 
over  forty  years  after. 

Cacodylate  of  soda,  a  compound  of  organic 
arsenic,  has  recently  been  recommended  as  an 
improved  means  of  giving  arsenic  in  much 
larger  doses  than  usual.  One  grain  of  the  salt 
is  said  to  be  equivalent  to  ~  of  a  grain  of 
arsenious  acid  or  60  minims  of  Fowler's  solution. 
Half  a  grain  is  the  initial  dose  recommended, 
and  it  is  said  that  as  much  as  3  grains  a  day 
may  be  taken  with  safety.  The  author,  however, 
does  not  consider  it  a  safe  drug,  and  if  given 
at  all,  of  a  grain  three  times  a  day  is  enough 
to  begin  with. 

Thyroid  extract  as  a  treatment  for  psoriasis 
was  introduced  by  Byrom  Bramwell.  While  it 
has  come  short  of  what  it  was  announced  to  be 
at  first,  in  a  moderate  proportion  of  cases  it 
acts  most  beneficially  and  more  rapidly  than 
anything  else.  It  is,  however,  a  remedy  which 
should  be  given  with  care  and  under  close 
medical  supervision.  It  should  not  be  given 
to  old  people  or  to  those  who  have  weak  hearts. 
As  regards  the  psoriasis,  it  should  not  be  given 
at  the  onset  of  the  disease,  nor  whenever  the 
eruption  is  undergoing  development,  as  it 
often  then  spreads  rapidly  under  thyroid 
influence.  It  is  most  likely  to  be  of  service 
in  the  same  class  of  cases  which  are  indicated 
for  arsenic,  but  would  not  be  worth  trying 
unless  the  eruption  was  extensive. 

The  most  convenient  form  is  the  five-grain 
tabloid  ;  only  one  a  day  should  be  given  for 
the  first  week,  then  two  a  day,  and  if  the 
patient  is  tolerant,  in  about  ten  days  the  dose 
may  be  raised  to  three  tabloids  a  day.  It  is 
seldom  necessary  to  go  beyond  this,  and  unless 
the  patient  is  in  bed  and  under  supervision  is 
not  safe.  Headache  and  a  pulse  over  120 
should  be  the  signal  to  reduce  the  dose  or  stop 
the  thyroid  extract  altogether.  If  after  a 
month  there  is  not  decided  impi-ovement  the 
case  is  probably  not  suitable  for  the  treatment, 
lodothyrin  and  thyroidin  are  also  given  in 
smaller  doses,  but  it  is  better  to  give  the  entire 
gland  product. 
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Unfortunately,  one  can  never  be  sure  before- 
hand in  any  particular  case  whether  it  will  be 
of  service,  and  even  in  the  same  patient  it  will 
succeed  in  one  attack  and  fail  in  another. 
This  leaves  only  a  very  limited  number  of 
cases  in  which  it  will  be  successful,  but  in  the 
best  cases  for  it,  improvement  is  often  very 
rapid. 

In  the  author's  practice  both  arsenic  and 
thyroid  have  been  in  great  part  superseded 
since  he  discovered  the  remarkable  power  of 
salicin  and  salicylates  in  removing  the  psoriasis 
eruption.  As  salicin  is  in  most  cases  as 
efficacious  as  salicylate  of  soda,  and  less 
liable  to  upset  digestion,  it  is  the  one  to  be 
chiefly  used.  It  must  be  given  in  adequate 
doses.  As  a  rule  15  grains  three  times  a  day 
in  an  ounce  of  water  is  the  best  dose  to  begin 
with,  and  as  most  people  are  very  tolerant  of 
it,  the  dose  may  be  increased  to  20  or  even  30 
grains,  but  its  solubility  is  not  more  than  19 
grains  to  the  ounce,  and  it  is  better  given  in 
solution  than  in  cachets  or  tabloids.  In  the 
large  doses  4  minims  of  nux  vomica  tincture 
may  be  added  to  counteract  any  depression 
caused  by  the  drug,  but  this  is  rarely  seen. 
Salicin  erythema  eruptions  are  also  rare,  and 
in  only  a  few  does  it  disturb  digestion  or 
produce  headache.  It  has  the  great  advantage 
over  arsenic  and  thyroid  that  it  may  be  given 
with  benefit  in  developing  cases,  and  will  often 
check  the  increase ;  and  it  disagrees  in  the 
above  ways  in  so  few  cases  that  it  is  always 
worth  trying,  and  while,  of  course,  not  always 
successful,  it  is  so  in  a  much  wider  range  of 
cases  than  either  of  its  rivals,  with  fewer  draw- 
backs. It  is  more  likely  to  produce  speedy 
improvement  in  widespread  hypersemic  cases 
than  where  there  are  a  few  chronic  patches ; 
it  has  also  not  much  effect  on  psoriasis  of 
the  scalp.  In  suitable  cases,  the  hypersemia 
diminishes,  the  scaly  crust  becomes  loose  and 
then  falls  off,  and  gradually  new  scales  cease 
to  form,  the  patch  clears  up  in  the  centre,  the 
ring  breaks  up  into  fragments,  which  are  best 
removed  by  local  means.  In  the  most  favour- 
able cases,  this  may  be  seen  in  from  a  month 
to  six  weeks,  even  when  no  local  treatment 
has  been  simultaneously  employed,  but,  of 
course,  the  majority  take  much  longer.  Like 
all  other  drugs,  it  does  not  act  as  a  prophylactic 
against  future  attacks.  The  action  of  salicin 
is,  in  the  author's  opinion,  due  to  its  breaking 
up  in  the  organism  into  salicylic  acid,  and 
exercising  a  microbicide  action  in  the  blood  or 
lymphatic  circulation.  Iodide  of  potassium  in 
heroic  doses  has  been  strongly  recommended 
by  Greve,  Boeck,  Hasland,  and  others,  and  has 
undoubtedly  good  effect  in  some  cases.  Com- 
mencing with  10  gi-ains  three  times  a  day,  in 
a  week  it  may  be  increased  to  15  grains,  and 
when  tolerance  is  established  the  dose  may  be 
rapidly  increased ;  as  much  as  750  grains  a  day 


have  been  given.  In  the  author's  opinion 
better  results  may  be  obtained  by  other  means 
with  less  injury  to  the  patient,  for  iodides  have 
often  a  very  injurious  effect  upon  the  gastro- 
intestinal and  other  mucous  membranes,  and 
it  is  not  a  drug  to  be  given  indiscriminately, 
for  unless  the  heart  and  kidneys  are  quite 
sound  dangerous  iodism  might  ensue.  It  is 
uncertain  whether  its  good  results  are  due  to 
its  diuretic  action  or  to  the  liberation  of  nascent 
iodine  in  the  circulation. 

Phosphorus,  carbolic  acid,  antimony,  and 
turpentine  occupy  quite  a  minor  place  compared 
to  the  previous  drugs.  The  two  latter  are 
better  than  the  first  two,  and  are  chiefly  suitable 
for  very  hypersemic  cases.  From  5  to  10 
minims  of  antimony  wine  three  times  a  day 
is  the  usual  dose,  and  from  10  to  15  minims 
of  turpentine  suspended  in  mucilage ;  copious 
diluents,  a  quart  of  barley  water  or  more  a  day, 
being  given  to  counteract  the  diminution  of 
urinary  water  which  otherwise  ensues. 

In  very  widely  spread  eruptions  with  great 
congestion,  often  the  best  treatment  is  large 
doses  of  quinine,  gr.  iij.  to  gr.  v.  three  times  a 
day,  given  in  the  acid  portion  of  an  effervescing 
potash  mixture,  gr.  22  bicarbonate  of  potash 
to  15  grains  of  citric  acid  being  the  usual 
proportion. 

There  are  a  few  chronic  cases  which  resist 
arsenic,  thyroid,  and  salicin,  even  when  com- 
bined with  what  is  usually  efficient  local  treat- 
ment. In  these  cases  the  intra-muscular  in- 
jection of  mercury  is  often  most  valuable.  The 
author  uses  sozoiodolate  of  mercuiy  dissolved 
with  the  aid  of  an  equal  weight  of  iodide  of 
sodium  ;  ^  of  a  grain  is  injected  into  the  buttock 
once  or  twice  a  week.  Prault  obtained  good 
results  in  two  cases  by  injecting  yellow  oxide  of 
mercury  "05  gramme. 

Mapother  strongly  advocates  mercury  salts 
internally  for  psoriasis. 

Local  Treatment. — This  is  of  the  highest 
importance,  and  in  a  large  proportion  of  cases 
is  sufficient  by  itself  to  remove  the  eruption. 
The  indications  are  to  remove  the  scales, 
diminish  the  hypersemia,  and  then  use  a  micro- 
bicide. In  acute  cases,  when  the  first  two 
indications  are  fulfilled,  often  nothing  more  is 
required.  In  chronic  ones,  when  the  scales 
have  been  removed,  the  microbicide  treatment 
can  be  proceeded  with  at  once. 

The  means  to  remove  the  scales  are  alkaline 
baths,  §iv.  of  bicarbonate  of  soda  to  a  30-gallon 
bath,  at  a  temperature  of  95°  F.,  the  patient 
remaining  in  twenty  minutes  and  rubbing  off 
the  scales  after  soaking.  The  bath  may  be 
repeated  twice  or  thrice  a  week.  Wet  packs 
may  be  employed  instead,  but  require  the 
patient  to  lie  up. 

When  there  are  only  a  few  chronic  patches, 
as  on  the  knees  or  on  the  scalp,  soft  soap  rubbed 
in  with  wetted  flannel  and  then  rinsed  off  is 
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very  efficacious,  but  is  not  suitable  for  actively 
inflammatory  patches.  It  may  be  repeated 
every  day,  or  three  times  a  week,  according  to 
its  effect.  An  improvement  is  saponis  mollis, 
spirit,  vini  rect.,  or  eau  de  Cologne,  partes 
equales ;  mix,  and  make  a  liniment. 

In  the  more  acutely  inflammatory  cases, 
wrapping  the  limb  or  body  up  in  lint  soaked  in 
glycerini  plumbi  subacetatis  sj.,  aq.  distil.  3vij., 
and  covering  it  with  oiled  silk  or  hat  lining, 
removes  the  scales  and  diminishes  the  hyper- 
semia,  and  will  cure  many  patches. 

Other  applications  suitable  for  acute  cases,  or 
whenever  it  is  desired  to  reduce  hyperaemia 
before  resorting  to  special  remedies,  are  cala- 
mine liniment,  consisting  of  calamine  gr.  xl., 
iinci  oxid.  gr.  xxx.,  lanolin  3j.,  ol.  olivee  and  aq. 
calcis  ad  3iiiss.,  applied  constantly  by  means  of 
lint  soaked  in  the  liniment ;  or,  covering  the 
part  thickly  with  Lassar's  paste,  with  or  with- 
out the  salicylic  acid,  zinci  oxid.  5ij.,  pulv. 
amyli  5ij.,  vaseline  5ss.,  cover  paste  with  butter 
doth.  Assuming  that  the  hypersemia  has  been 
removed  by  one  of  the  above  means,  or  that 
there  is  not  enough  to  require  such  preliminary 
applications,  what  special  application  shall  be 
selected  1 

All  the  special  remedies  are  microbicides,  and 
all  have  a  more  or  less  stimulating  action.  As 
a  rule,  the  less  hyperemia  there  is,  the  more 
stimulating  the  remedy  may  be,  but  care  must 
be  taken  not  to  irritate  the  patches  too  much, 
or  the  soothing  treatment  will  have  to  be 
reverted  to,  and  time  be  lost.  Whatever  the 
remedy,  it  must  be  rubbed  in  thoroughly  to 
each  patch,  working  especially  round  the  edge. 
In  extensive  cases,  an  attendant  may  have  to 
spend  from  two  to  three  hours  a  day  in  applying 
the  remedy,  and  this  is  the  secret  of  success, 
together  with  adapting  the  remedy  to  the  con- 
dition of  each  patch. 

Only  a  few  of  the  legion  of  infallible  remedies 
need  be  mentioned  as  the  survival  of  the  fittest. 

Chrysarobin  stands  first  on  account  of  its 
almost  specific  action  on  the  diseased  area,  but 
it  has  serious  drawbacks.  It  stains  linen  in- 
delibly, and  dyes  the  hair  a  purple-brown,  and 
the  nails  also.  It  is  also  very  liable  to  excite 
.an  erythema  for  a  considerable  distance  beyond 
the  point  of  application.  This  is  sometimes  so 
severe,  and  attended  with  such  swelling,  that  it 
has  been  mistaken  for  erysipelas  when  situated 
on  the  face,  where  it  also  excites  conjunctivitis. 
It  should  therefore  never  be  vised  near  the  face, 
and  the  patient  should  be  warned  of  the  possi- 
bility of  these  disagreeables  to  clothes  and 
person. 

In  covered  places  and  suitable  patches  the 
result  is  almost  magical,  the  disease  being- 
cleared  off  in  a  short  time,  leaving  a  white  area 
on  a  red  ground.  Such  a  result  is  not  always 
attainable,  but  a  very  satisfactory  removal  of 
the  patch  may  often  be  obtained  in  a  slower 


and  less  sensational  manner.  The  stronger 
ointments,  from  gr.  xx.  to  5j.  to  the  ounce,  are 
only  suitable  for  indolent  and  pale  patches. 
Since  the  author  found  that  from  one  to  five 
grains  to  the  ounce  of  zinc  ointment  is  signally 
beneficial  in  many  hypersemic  cases  its  range  of 
usefulness  has  been  much  extended. 

When  the  surface  is  cleansed  from  scales,  and 
the  patch  is  pale,  a  paint  may  be  used  which  is 
convenient  to  applj'  and  does  not  stain ;  it  is 
composed  of  chrysarobin  gr.  xx.  to  3j.,  chloro- 
form ^  traumaticin  six.  The  British  Pharma- 
copoeia traumaticin  is  made  with  bisulphide  of 
carbon  as  a  solvent,  but  its  faecal  odour  makes 
it  an  impracticable  preparation.  After  painting 
for  six  days  one  coat  over  another  the  film  may 
be  peeled  off,  and  a  large  part  of  the  diseased 
area  will  be  found  to  be  cured.  It  is  often  ad- 
visable to  wait  a  few  days  and  apply  an  oint- 
ment before  renewing  the  painting. 

Pyrogallic  acid  is  another  valuable  i-emedy, 
but  it  also  stains,  but  to  a  less  degree.  It  may 
be  used  in  subacute  cases,  from  10  to  60  grains 
to  the  ounce  of  ointment,  but  it  must  not  be 
used  over  a  large  area  at  a  time,  as  dangerous 
symptoms  may  arise  from  its  absorption.  Dilute 
hydrochloric  acid  is  said  to  be  prophylactic  and 
remedial  for  the  toxic  symptoms.  For  the  face 
and  other  exposed  parts  those  preparations 
which  neither  stain  nor  smell  should  be  selected. 
They  are  resorcin,  salicylic  acid,  thymol,  which 
has  the  smell  of  thyme,  but  is  cleanly,  and 
naphthol,  all  gr.  x.  and  upwards  to  the  ounce. 

Most  of  the  mercurial  ointments  also  are  suit- 
able for  the  face  and  for  limited  areas  in  other 
parts.  They  are  the  diluted  nitrate  5ij.  to  the 
ounce,  ammoniated  mercury  gr.  xx.  up  to  3ij. ; 
the  yellow  oxide  5].  to  the  sj.,  is  stronger;  the 
bichloride  and  biniodide,  gr.  j.  and  upwards. 

They  should  only  be  rubbed  on,  never  con- 
tinuously applied.  The  ointment  base  is  lard, 
lanolin,  or  vaseline,  or  a  combination  of  them. 

Many  tar  preparations  are  most  valuable, 
and  have  stood  the  test  of  time,  but  their  smell 
limits  their  use  to  those  who  can  discontinue 
their  social  or  business  duties.  They  are  oil  of 
juniper  pine  (oil  of  cade),  oil  of  birch  (ol.  rusci), 
creasote,  all  from  10  tri  to  60  Tirt  to  the  ounce. 
The  old  tar  ointment  is  good,  but  seldom  used, 
as  it  is  dirty  as  well  as  smelling  strongly. 

A  5  to  10  per  cent  watery  solution  of  liquor 
carbonis  detergens,  or  liquor  picis  carbonis,  is 
often  convenient  for  large  areas  for  self-applica- 
tion, but  is  not  so  efficacious  as  inunctions. 
The  pure  solution  may  be  used  if  followed  by 
the  continuous  application  of  the  glycerine  of 
lead  solution. 

For  the  scalp,  the  spirit  of  soap  liniment 
should  be  rubbed  in  with  flannel  dipped  in  hot 
water  and  then  in  the  liniment,  then  rinsed  out, 

'  To  make  this  of  proper  consistence,  pure  guttapercha 
3j.  should  be  digested  in  chloroform  3x.  for  two  or  three 
weeks,  with  agitation. 
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and  the  ointment  of  perchloride  or  biniodide  of 
mercury  rubbed  in  every  day. 

It  should  be  thoroughly  understood  that 
there  is  no  routine  treatment  as  far  as  drugs 
are  concerned.  Their  proper  selection  and  ad- 
aptation, not  only  to  each  patient,  but  to  each 
region  or  even  patch  of  disease,  only  comes 
with  practical  experience,  and  after  this  their 
application  must  be  thorough,  and  the  strength 
or  medicament  altered  according  to  the  effect 
produced.  It  is  always  wise  to  begin  with  a 
weak  preparation  and  increase  the  strength 
gradually.  Where  the  patient  will  give  himself 
up  to  treatment  with  a  trained  nurse,  and  the 
frequent  supervision  of  an  experienced  practi- 
tioner, most  cases  of  psoriasis,  however  extensive, 
can  have  the  eruption  removed  in  three  or  four 
weeks.  AVhere  the  patient  carries  out  his  own 
treatment,  hammering  on  with  one  prescription, 
three  or  four  months  to  a  year  is  the  usual 
period,  and  even  then  failure  often  results. 

Many  patients,  however,  prefer  treatment  at 
spas,  and  when  they  are  situated  at  high  alti- 
tudes the  invigoration  of  the  climate  is  an  im- 
portant adjunct.  In  other  cases,  the  results  are 
not  superior  to  what  can  be  obtained  at  home 
if  the  patient  will  devote  as  much  time  to  the 
treatment.  They  are  best  for  wealthy  patients 
who  cannot  or  will  not  give  up  their  social  or 
business  engagements  unless  they  leave  home. 

The  baths  are  of  two  classes,  thermal  and 
sulphur.  At  thermal  stations,  such  as  Leuk  or 
Aix-les-Bains,  the  treatment  consists  in  pro- 
longed immersion  in  weak  alkaline  hot  waters. 
In  sulphur  baths,  such  as  are  found  at  Aix-la- 
Chapelle,  Bareges,  Harrogate,  Strathpeffer,  etc., 
in  addition  to  the  thermal  action  the  sulphur 
acts  as  a  microbicide.  Very  acute  cases  are 
not  suitable  for  these  baths,  and  they  should 
always  be  taken  under  medical  supervision,  or 
they  will  often  do  more  harm  than  good. 

A  few  spas  contain  arsenic.  They  are :  Levico, 
beautifully  situated  in  the  South  Tyrol,  near 
Triente,  4880  feet  above  the  sea-level.  It  is 
the  strongest  arsenical  spa  known,  and  there 
are  two  sources ;  the  strongest  contains  yV  of  ^ 
grain  of  arsenious  acid  to  the  pint  and  4  grains  of 
iron  salts,  chiefly  persulphate.  The  dose  is  one 
tablespoonful.  The  weaker  spring  contains 
grain  of  arsenious  acid  to  the  pint  and  8  grains 
of  proto-  and  persulphate  of  iron.  The  im- 
ported waters  can  very  well  be  taken,  and  as  a 
matter  of  fact  the  water  is  brought  down  from 
a  mountain  behind  Levico  in  pipes. 

La  Bourboule  in  the  Puy  de  Dome,  France, 
being  more  accessible,  is  better  known.  The 
arsenic  is  in  the  form  of  arseniate  of  sodium, 
28  mg.  to  the  litre,  or  between  one  and  a 
half  to  two  grains  to  the  gallon.  The  other 
constituents  are  lithium,  sodium,  and  potassium 
chloride,  sodium  bicarbonate,  lime,  iron,  and 
free  carbonic  acid.  A  large  tumblerful  is  the 
average  dose. 


At  Royat  some  of  the  waters  are  of  a  similar 
character,  but  weaker.  The  strongest  is  Saint 
Victor,  which  contains  about  one-sixth  of  the 
quantity  of  arsenic  found  at  La  Bourboule,  but 
more  iron. 

At  these  spas,  thermal  treatment  is  usually 
combined  with  internal  imbibition  of  the  arseni- 
cal springs. 

Psorospermosis  or  Psorosper- 

mia,SiS. — Diseases  due  to  the  presence  of 
psorosperms  or  coccidia  ;  coccidiosis.  See  Para- 
sites (Protozoa,  Coccidiida) ;  Liver,  Diseases 
OF  (Calcification  of) ;  Mammart  Gland,  Dis- 
eases OF  (Paget's  Disease  of  the  Nipple,  Morbid 
Histology). 

Psyctialgia.— Melancholia  or  (literally) 
mental  pains  (Gr.  ypvxrj,  mind,  aAyos,  pain). 
See  Insanity,  Nature  and  Symptoms  (Types  of 
Episodic  Insanity,  Melancholia). 

Psychiater. — A  mental  physician  or 
alienist,  psychiatry  being  the  treatment  of 
mental  diseases. 

Psycho-.  —  In  compound  words  psycho- 
(Gr.  ^l/vxq,  the  mind)  means  relating  to  the  mind  ; 
e.g.  psychocoma  (mental  stupor),  psychokinesia 
(impulsive  insanity),  p>sychoparesis  (mental  en- 
feeblement),  psycho-physics  (experimental  psycho- 
logy), and  psychotherapy  (the  treatment  of  dis- 
ease by  mental  suggestion). 

Psychoses. — Diseases  of  the  mind.  See 

Senile  Insanity  (Psychosis  of  Se7iility) ;  Puer- 
PERiUM,  Pathology  (Puerperal  Insanities). 

PsyC  h  rosest  h  es  i  a.  —  The  subj  ective 
sensation  of  cold  (Gr.  ij/vxpo-;,  cold). 

Psychrometer.— The  wet  and  dry  bulb 
thermometer  for  calculating  the  dew-point  (Gr. 
ij/vxpos,  cold).    See  Metbrology  (Hygrometry). 

Psychrophobia.  — Excessive  fear  of 
cold,  especially  of  cold  water  (Gr.  if/vxpos,  cold). 

Psychrotherapy.— The  treatment  of 
disease  by  means  of  cold. 

Pterion. — The  region  of  the  skull  in  the 
neighbourhood  of  the  lower  end  of  the  coronal 
suture  where  it  comes  into  relation  with  the 
squamous  part  of  the  temporal  bone  and  with 
the  great  wing  of  the  sphenoid ;  a  small  fonten- 
elle  (antero-lateral)  may  be  found  here  in  early 
life. 

PterocarpiaLlg^num. — Red  sanders- 

wood ;  red  sandal-wood.  The  heart  wood  of 
Pterocarpus  santalinus,  found  in  Ceylon.  The 
chief  constituent  is  the  red  crystalline  principle, 
santalin.  It  is  contained  in  Tinctura  Lavandulae 
Composita.    It  is  used  as  a  colouring  agent. 

Pteryg'ium. — The  adhesion  of  a  triangu- 
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lar  fold  of  the  ocular  conjunctiva  to  the  cornea 
(Gr.  TTTcpvi,  a  wing).  See  Conjunctiva,  Diseases 
OF  ( Various  Conditions,  Pterygium). 

Pterygium  Unguis.— A  coalescence 

of  the  skin  at  the  root  of  the  nail  with  the  nail. 
See  Nails,  Affections  of  the  {Pterygium). 

Pterygoid.  —  Wing-shaped  {irripv^,  a 
wing),  e.g.  the  external  and  internal  pterygoid 
plates  or  processes  of  the  sphenoid  bone,  between 
which  is  the  pterygoid  notch,  and  in  the  neigh- 
bourhood of  which  are  the  pterygoid  fossa,  the 
pterygoid  tubercle,  and  ptery go-palatine  canal. 

PtiiOSiS. — The  loss  of  hair  on  any  part  of 
the  body ;  ptilosis  ciliaris  is  the  loss  of  the  eye- 
lashes ;  madarosis. 

PtOina,ineS. — The  term  ptomaines  (Gr. 
TTTuiixa,  a  corpse)  was  formerly  applied  to  alka- 
loids produced  by  decomposition  of  the  body 
tissues,  but  is  now  also  applied  to  alkaloids 
found  in  the  body  during  life.  The  term  leuco- 
maine  was  at  one  time  applied  to  the  animal 
alkaloids  produced  during  life,  in  contradistinc- 
tion to  ptomaines  produced  by  decomposition  of 
dead  animal  matter.  Both  these  terms  are  now 
more  or  less  obsolete,  and  the  term  animal 
alkaloid  is  universally  applied.  The  nature 
and  source  of  these  complex  and  important 
substances  is  described  vmder  "Alkaloids"  in 
Vol.  I.  See  also  Cholera  Nostras  {Etiology) ; 
Digestion  and  Metabolism  {Intestinal  Secretion, 
Ptomaines) ;  Micro-Organisms  {Products  of  Bac- 
teria) ;  Physiology,  Food  and  Digestion  {Fate 
of  Digestive  Secretions  in  Alimentary  Canal) ; 
Snake-Bites  and  Poisonous  Fishes  {Putrefaction 
of  Fish,  Ptomaine-Poisoning) ;  Stomach  and 
Duodenum,  Diseases  of  {Etiology,  Toxic  Sub- 
stances). 

Ptosis. — Drooping  of  the  upper  eyelid, 
congenital  or  acquired,  due  to  an  affection  of 
the  levator  palpebrse  superioris.  See  Eyelids, 
Affections  of  {Affections  of  Muscles,  Levator 
Palpebrce,  Paralysis).  See  also  Brain,  Tumours 
of  {Diagnosis,  Tumour  of  Grus  Cerebri) ;  Con- 
junctiva, Diseases  of  {Trachoma  Symptoms) ; 
Hysteria  {Motor  Dism-ders,  Blepharospasm) ; 
Lacrimal  Apparatus,  Diseases  of  {Disease  of 
Lacrimal  Gland,  Results) ;  Myasthenia  Gravis 
{Symp)tomatology) ;  Ocular  Muscles,  Affections 
of  {Paralysis) ;  Ophthalmoplegia  ;  Syphilis 
{Tertiary,  Eye  Affections) ;  Tabes  Dorsalis 
{Symptomatology,  Ocular  Paralysis) ;  Thyroid 
Gland,  Medical  {Exophthalmic  Goitre,  Stellwag's 
Sign). 

Ptyalin.  See  Physiology,  Food  and  Di- 
gestion {Digestion  in  the  Mouth,  Saliva,  Chemi- 
cal Characters) ;  New-Born  Infant  {Physio- 
logical Peculiarities,  Buccal  Digestion). 

Ptyal ism.— Salivation  (Gr.  TTTVd),  I  spit), 
e.g.  from  mercurial  poisoning  or  as  a  disease  of 


pregnancy.  See  Pregnancy,  Affections  and 
Complications  {Digestive) ;  Salivary  Glands, 
Disorders  of  {Ptyalism). 

PtyChotiS  Oil. — This  oil,  known  also  as 
Ajowan  oil  {Oleum  Ajoivan)  is  obtained  from  the 
fruit  of  Carum  copticum,  and  is  used  for  the 
same  purposes  as  thymol  (carminative,  anti- 
septic, etc.) ;  it  is  official  in  the  Indian  and 
Colonial  Addendum  to  the  B.P.   Dose — |  to  3  m. 

Puberty. 

Introductory        .....  343 

Signs  of        .       .       .  ^     .       .       .  344 

Precocious  and  Retarded  Puberty      .  344 

Disturbance  of  General  Health  .       .  345 

Hygiene  of    .....       .  346 

See  also  Adolescent  Insanity  {Insanity  of 
Puberty)  :  Cough  {Barking  Cough  of  Puberty) ; 
Epistaxis  {Etiology,  Puberty) ;  Larynx,  Neu- 
roses OF  {JVet'vous  Laryngeal  Cough) ;  Menstrua- 
tion and  its  Disorders  {Piiberty) ;  Mental  De- 
ficiency {Ci-etinoid  Cases,  Abseiice  of  Puberty). 

Puberty  is  the  time  at  which  the  reproductive 
organs  enter  the  initial  stage  of  potential  or 
physiological  activity.  It  is  the  beginning  of 
the  development  from  childhood  into  maturity. 
The  time  occupied  in  this  development  is  long, 
in  most  people  12  or  13  years.  It  is  known  as 
adolescence,  and  it  may  be  said  to  begin  normally 
at  from  12  to  14  or  15  years  of  age  with  the 
appearance  of  the  first  signs  of  puberty,  and  to 
end  at  the  age  of  25.  As  W.  S.  Christopher  puts 
it,  adolescence  is  the  "  epoch  for  the  latentisa- 
tion  of  force  for  reproductive  purposes,  and  this 
latentisation  requires  a  high  nutrition  and  a 
relatively  low  activity." 

In  childhood  the  whole  energy  of  life  is  di- 
rected towards  growth,  the  building  up  of  the 
bodily  frame,  bone,  muscle,  nervous  tissue,  etc. 
Children  are  more  ready  to  suffer  from  mal- 
nutrition than  adults,  as  they  have  not  only  to 
live  but  to  grow,  and  the  daily  demands  made 
on  their  nutritional  powers  are  necessarily  much 
greater  than  they  are  when  growth  has  ceased. 
Long  before  young  people  have  done  growing 
the  organs  of  reproductive  life  pass  from  quies- 
cence to  a  certain  measure  of  potential  activity. 
From  the  date  of  this  change,  which  we  call 
puberty,  the  child  has  not  only  to  live  and  to 
grow,  but  to  develop  his  highest  mental  powers 
as  well  as  his  most  complex  animal  functions. 
As  perfect  function  cannot  precede  complete 
growth,  it  is  clear  that  puberty  does  not  mark 
the  time  at  which  the  functional  activity  of  the 
reprodvictive  organs  would  be  anything  but  harm- 
ful. Nature's  care  for  the  species  rather  than 
for  the  individual  is  shown  by  the  age  at  which 
reproduction  is  possible.  From  the  point  of 
view  of  the  individual  the  premature  exercise 
of  the  generative  functions  is  opposed  both  to 
perfect  growth  and  to  high  development.  Ado- 
lescence should  be  entirely  occupied  with  growth 
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and  with  the  development  of  mind  and  body  to 
the  highest  perfection  possible  to  the  individual. 

Signs  of  Puberty. — In  boys  the  "breaking" 
of  the  voice  is  one  of  the  earliest  signs  of 
puberty.  A  boy's  singing  voice  usually  re- 
sembles a  woman's  soprano,  but  the  note  is  less 
flute-like,  more  vibrant,  and  of  clarionet  quality. 
At  puberty  the  larynx  elongates,  the  vocal  cords 
are  at  first  relaxed,  the  voice  is  for  a  time  hoarse. 
Then  readjustment  takes  place,  and  the  man's 
voice  appears,  usually  an  octave  lower  than  the 
boy's.  The  speaking  voice  goes  through  similar 
changes ;  it  becomes  hoarse,  and  finally  much 
deeper  than  in  childhood.  Concurrently  the 
external  genitalia  grow  and  become  more  vascu- 
lar. A  considerable  development  of  hair  takes 
place  on  the  face  and  pubes,  and  in  a  less  degree 
on  the  ai'ms  and  chest.  Connected  with  this  is 
a  great  development  of  the  sebaceous  glands  of 
the  skin,  leading  in  many  cases  to  an  eruption 
of  acne  on  the  face  and  shoulders. 

In  girls  menstruation  is  usually  the  first  and 
most  important  sign  of  puberty.  It  occurs 
normally  at  varying  ages  from  11  to  16.  As  a 
rule  it  appears  about  13.  Within  what  may  be 
called  normal  limits  its  early  appearance  is  a 
sign  of  vigour,  its  postponement  a  sign  of  re- 
tarded and  imperfect  development,  or  of  poor 
nutrition.  Women  of  the  best  physical  type 
are  generally  in  advance  of  their  age  in  youth 
and  behind  it  in  middle  life.  Menstruation  in 
them  begins  early,  it  is  painless  and  moderately 
profuse,  and  it  lasts  till  50.  It  is  quite  excep- 
tional for  menstruation  to  be  painful  for  the  first 
year  or  more  of  its  occurrence.  Dysmenorrhoea 
usually  begins  eighteen  months  or  more  after 
the  first  appearance  of  the  catamenial  loss. 
For  a  time,  in  most  young  girls,  menstruation  is 
the  only  sign  of  any  considerable  physiological 
change.  They  are  still  children  in  thought, 
feeling,  and  tastes.  It  is  difficult  to  determine 
how  much  of  the  gradual  change  from  childhood 
to  adolescence  is  really  due  to  the  changed  con- 
dition of  the  organs  of  the  reproductive  system, 
or  how  much  of  it  ought  rather  to  be  attributed 
to  the  development  of  the  nervous  system  gener- 
ally and  to  the  increasing  influences  of  education 
and  social  and  family  life.  In  the  opinion  of 
the  present  writer  a  good  deal  of  exaggeration 
is  present  in  the  writings  of  physiologists  on 
this  point.  Girls  of  14  and  15  are  not,  as  a 
rule,  troubled  with  anything  that  can  be  called 
sexual  feelings.  They  are  practically  as  free 
from  them  as  they  are  at  7  or  8.  Moreover, 
in  the  small  minority  of  young  women  under 
observation  who  have  never  menstruated,  and 
who  presumably  have  either  no  ovaries  or  very 
undeveloped  ovaries,  the  writer  has  not  been 
able  to  recognise  anything  exceptional  in  their 
demeanour,  in  their  desire  for  sympathy,  affec- 
tion, or  admiration,  or  in  their  appreciation  of 
pretty  garments.  If  the  entire  mental  organi- 
sation of  women  were  based  upon  sexual  develop- 


ment, as  some  writers  would  have  us  believe, 
women  who  are  without  the  most  important 
part  of  the  reproductive  system  ought  to  be 
much  more  unlike  other  women  than  they 
actually  are.  Similarly,  in  the  curious  type  of 
women  who  may  fairly  be  called  "  masculine  " 
— the  women  who  are  genuinely,  and  from  no 
affectation  of  their  own,  really  like  men  in  their 
habits  of  mind,  their  virtues  and  their  defects 
— the  writer  has  not  been  able  to  trace  anything 
abnormal  on  the  sexual  side  of  their  bodily 
development.  On  this  side  they  are  real 
women ;  on  every  other  side  they  closely  re- 
semble men.  It  has  to  be  admitted  that  the 
resemblance  is  a  genuine  one,  and  not  the 
result  of  any  "apeing"  of  men.  Many  women 
of  this  curious  type  have  done  their  utmost  to 
be  ultra-feminine  in  dress,  etc.  We  all  re- 
member Sydney  Smith's  inquiry,  "  Who  is  the 
gentleman  in  white  muslin  on  the  sofa'?"  in 
reference  to  a  well-known  woman  who  strove 
through  a  long  life  to  be  like  the  sex  she 
belonged  to  physiologically,  but  not  mentally. 
If  the  feminine  qualities  and  characteristics 
are  based  solely  upon  the  sexual  organisation  it 
is  difficult  to  understand  cases  where  mind, 
general  formation  of  body,  and  temperament 
seem  to  belong  to  one  sex,  and  the  special  dis- 
tinguishing organs  of  sex  to  the  other.  They 
seem  to  suggest  that  the  connection  between 
the  sexual  system  and  the  bodily  and  mental 
characteristics  usually  accompanying  it  may  be 
less  direct  and  immediate  than  is  commonly 
supposed.  In  the  two  above-mentioned  groups 
of  what  may  be  called  "  freaks "  women  are 
feminine  without  the  fundamental  feminine 
organs,  or  they  are  essentially  masculine  in 
spite  of  possessing  them.  Some  correlation, 
which  usually  connects  the  sexual  type  of  mind 
and  body  with  the  sexual  organs,  seems  to  be 
absent. 

Precocious  and  Retarded  Puberty.  — Puberty  is 
occasionally  precocious  in  both  sexes.  In  boys 
very  marked  precocity  has  often  been  part  of 
general  imperfection,  both  mental  and  bodily, 
as  in  Dr.  Campbell's  and  Dr.  Wood's  cases.  In 
girls  it  is  not  rare  for  menstruation  to  appear 
long  before  the  usual  date  of  puberty.  In  many 
of  these  cases  the  phenomena  of  menstruation 
stand  alone  and  are  not  accompanied  with  other 
signs  of  precocious  maturity.  Children  of  from 
1  to  7  years  of  age  have  had  regularly  recur- 
ring menstrual  loss  without  any  obvious  abnor- 
mality of  development.  In  another  class  of 
case,  however,  there  has  been  seen  very  remark- 
able growth  and  size  with  development  of  the 
breasts  and  labia,  and  then  precocious  men- 
struation. Here  there  has  been  a  physiological 
anomaly  of  development  of  which  the  pre- 
cocious menstruation  was  but  a  part  and  a 
sign.  Dr.  Morse,  of  Harvard,  has  collected  and 
published  30  cases  of  these  two  groups  of  pre- 
cocious children.    Among  these  there  was  one 
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€hild  of  nine  months  old,  another  of  seven 
months,  who  menstruated  regularly.  Both  were 
abnormally  large  and  intelligent  even  from 
birth.  A  post-mortem  on  one  case  showed 
■ovaries  which  had  ovulated  regularly.  One 
child,  whose  case  is  given  by  Dr.  Morse,  became 
pregnant  in  her  eighth  year,  another  at  ten,  and 
a  third  at  eight  and  a  quarter.  In  all  these 
cases  there  was  nothing,  strictly  speaking,  ab- 
normal except  the  precocity.  They  were  ano- 
malies of  development.  Where  precocious  men- 
struation is  present  without  any  general  early 
maturity,  the  cause  of  the  condition  is  even 
more  obscure. 

Cases  are  not  uncommon  in  which,  from 
'Change  of  climate,  nervous  shock,  a  severe  ill- 
ness at  or  about  the  time  when  puberty  should 
have  occurred,  or  from  other  causes,  the  normal 
rate  of  development  has  been  checked,  and 
menstruation  is  considerably  delayed.  As  a 
rule,  in  these  cases,  if  there  is  good  evidence  of 
a  sound  general  development,  e.g.  in  breasts, 
pubes,  etc.,  there  is  reason  to  expect  menstrua- 
tion to  appear.  If  at  20  or  more  than  20  the 
breasts,  etc.,  are  infantile,  it  is  probable  that 
the  ovaries  are  absent  or  imperfect.  Where  the 
ovaries  are  present,  though  functionless,  men- 
struation may  occur  for  the  first  time  even  at  a 
very  late  age.  Dr.  Wolfe  reports  a  case  in 
which  the  patient  menstruated  for  the  first  time 
&t  43.  She  had  been  treated  for  some  months 
when  19  years  of  age  for  amenorrhoea.  Some 
years  afterwards  she  married  a  widower  with  a 
family,  never  menstruated  till  eleven  years  later, 
when  she  was  nearly  4-3.  A  severe  fright  from 
an  idiot  girl  was  followed  at  once  by  menstrua- 
tion. This  recurred  irregularly  for  eighteen 
months,  when  she  became  pregnant.  In  this 
■case  the  fault  must  have  been  nervous.  From 
:some  obscure  cause  the  ovarian  nerves  were 
inhibited,  possibly  in  a  way  analogous  to  the 
inhibition  of  common  sensation,  or  of  the  special 
senses,  in  hysterical  or  in  hypnotic  conditions. 

Disturbances  of  Health  at  Puberty. — In 
the  great  majority  of  cases  the  commencement 
■of  the  change  from  childhood  to  adolescence 
involves  no  disturbance  of  health.  Where  the 
nervous  system  is  sound,  the  nutrition  good, 
and  the  habits  of  life  wholesome,  health  may 
be  expected  at  this  as  at  other  ages.  This 
particular  step  towards  maturity  ought  not  to 
involve  any  more  risk  than  the  many  previous 
steps  from  infancy  upwards  have  done.  Experi- 
ence confirms  this  view.  Every  mother  knows 
that  a  sound  child  of  from  13  to  16  is  a 
very  much  more  robust  creature  than  he  or 
•she  was  ten  years  earlier.  He  is  much  less 
often  ailing,  his  life  is  more  secure.  She  takes 
it  for  granted  that  the  changes  which  puberty 
indicates  will  be  accomplished  without  nervous 
or  other  disturbances,  and  in  the  case  of 
healthy  children  her  hope  is  almost  always 
justified  by  the  result.    The  case  is,  however, 


quite  otherwise  when  the  child  inherits  a  bad 
nervous  system,  or  when  its  nutritional  powers 
are  unequal  to  any  extra  stress  being  put  upon 
them.  Related  to  the  fundamental  changes 
accomplished  at  puberty,  there  is  the  correlative 
though  not  usually  quite  contemporary  change 
of  very  rapid  growth,  and  of  an  equally  rapid 
development  of  the  higher  mental  powers. 
Nervous  stability  is  taxed  in  several  ways  at 
once.  These  conditions,  however,  belong  more 
properly  to  adolescence  than  to  the  time  of 
puberty  itself. 

In  both  boys  and  girls  "the  time  of  greatest 
rapidity  of  growth  is  later  than  puberty,  and 
it  is  probable  that  very  rapid  growth  has  more 
to  do  with  the  nervous  instability  of  adolescence 
than  anything  else.  Insanity  is  indeed  rare 
at  puberty,  and  markedly  less  rare  six  or  seven 
years  later.  When  present  it  is  always  the 
result  of  a  strongly  marked  inherited  tendency. 
Dr.  Clouston  had  only  2  cases  of  insanity  at 
puberty  in  the  Edinburgh  Asylum  out  of  a 
total  of  1800  cases,  and  only  22  at  the  ages  of 
16  and  17.  He  believes  insanity  at  puberty 
to  be  always  hereditary,  acute,  remittent,  not 
dangerous  to  life,  and  of  good  prognosis. 

Of  the  less  serious  neuroses,  epilepsy,  chorea, 
and  migraine  are  the  most  important,  and  they 
are  also  among  the  disturbances  which  most 
frequently  seem  to  begin  at  or  near  puberty. 
Especially  is  this  true  of  migraine  and  epilepsy. 
A  large  proportion  of  well-marked  cases  of 
migraine  date  from  the  age  at  which  puberty 
usually  appears.  In  women  it  may  possibly 
be  connected  with  the  heightened  arterial 
tension  before  menstruation,  and  with  disturb- 
ance of  the  vaso-motor  system  as  a  direct  result 
of  the  loss  of  blood.  It  is  very  unusual  to  hear 
of  a  true  migraine  beginning  in  adult  life.  In 
previously  iiealthy  girls  the  occurrence  of 
menstruation,  when  the  loss  is  normal  in  amount 
and  regular  in  its  return,  seems  to  pr-oduce  no 
evil  effects.  If,  however,  the  loss  is  excessive, 
or  very  scanty,  or  quite  irregular,  the  general 
health  is  usually  affected  disadvantageously, 
coincidentally,  perhaps,  rather  than  conse- 
quently. The  appetite  often  fails,  and  then, 
at  a  time  of  very  rapid  growth,  the  nutritional 
power  is  diminished  and  antemia  results.  The 
power  of  assimilating  a  liberal  allowance  of 
nutritious  food  is  never  more  valuable  than 
in  a  girl  of  15  or  16,  when,  along  with 
a  marvellous  rate  of  growth,  the  organs  of 
reproduction  are  being  gradually  matured  and 
perfected,  and  their  nervous  mechanism 
elaborated  and,  as  it  were,  trained  into 
harmonious  working.  For  all  this  a  high 
degree  af  nutrition  is  wanted.  The  change 
started  in  girls  at  puberty,  without  suffering 
and  without  any  disturbance  of  health,  is 
frequently  checked  a  few  years  later  by 
conditions  which  unfavourably  affect  the 
nervous  system  or  the  nutrition.    A  familiar 
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instance  of  this  is  the  bad  effect  on  a  girl's 
health  which  so  frequently  results  from  send- 
ing her  abroad  at  16  or  17  years  of  age.  A 
visit  to  Germany  especially  very  often  upsets 
a  girl's  health  to  a  very  serious  extent.  The 
food  is  distasteful,  the  houses  are  hot  and  close, 
there  is  very  little  outdoor  life,  very  few  games, 
and  she  is  home-sick  and  solitary.  The  nerves 
connected  with  the  system  then  in  process  of 
development  are  often  the  first  to  break  down 
as  a  result  of  poor  nutrition  and  a  generally 
depressed  vitality.  Mothers  are  apt  to  be 
unduly  anxious  about  the  first  appearance  of 
menstruation,  and  not  nearly  anxious  enough 
to  maintain  vigour  during  the  important  years 
which  immediately  succeed  it. 

Hygiene  of  Puberty. — No  special  rules  are 
required  at  this  age  for  either  boys  or  girls. 
They  both  need  a  healthy,  active  life,  with 
much  open-air  exercise,  plenty  of  good  food, 
and  plenty  of  occupation.  The  discipline  and 
brightness  of  a  good  school  rule,  much 

better  for  girls  as  well  as  boys  than  the  in- 
dulgence and  absence  of  systematic  playground 
life  which  are  involved  in  education  at  home. 
All  good  girls'  schools  of  the  present  day  make 
almost  as  much  use  of  playground  games  as 
boys'  schools  do,  and  with  similarly  good  results. 
Young  people  of  that  age  are  best  with  very 
little  leisure,  with  their  whole  time  so  occupied 
with  a  disciplined  routine  of  work  and  play 
that  there  is  no  opportunity  for  lovinging  about 
and  sentimentality,  and  with  a  large  amount  of 
social  and  amusing  exercise.  Girls  who  enjoy 
out-door  games  usually  eat  well,  and  if  they  do 
Nature  will  take  care  of  the  due  development 
of  their  reproductive  organs.  The  danger  of 
too  much  exercise,  especially  when  it  is  out  of 
doors,  is  far  smaller  than  the  danger  of  too 
little,  and  the  regulation  of  exercise  may  safely 
be  left  to  the  discretion  of  the  schoolmistress 
if  she  is  fit  for  her  work. 

Parents  are  often  puzzled  as  to  how  far  it  is 
well  to  explain  the  elementary  facts  of  the 
physiology  of  reproduction  to  girls  and  boys 
at  about  the  age  of  puberty.  Much  depends 
on  the  relations  between  the  parent  and  child  ; 
some  parents  are  much  more  intimate  with 
their  children  than  others.  A  certain  degree 
of  reserve  on  such  subjects  ought  certainly  to 
be  maintained  ;  but  it  is  probably  always  best 
for  fathers  to  speak  to  sons,  and  mothers  to 
daughters,  in  a  way  which  shall  enable  the 
child  to  understand  the  elementary  facts  of 
life,  and  to  look  upon  them  with  reverence. 
The  study  of  botany  is  perhaps  the  best  way  of 
introducing  to  children  the  idea  of  sexual  differ 
ences,  and  from  botany  the  step  can  be  taken 
to  the  natural  history  of  animals,  and  so  to 
human  physiology.  It  is  certainly  desirable 
for  boys  to  be  warned  as  to  the  great  danger  of 
loss  of  self-control,  and  of  any  premature  and 
irregular  exercise  of  the  reproductive  function. 


Girls,  as  a  rule,  need  such  warning  far  less  than 
boys,  and  it  must  depend  on  the  discretion  and 
insight  of  their  mothers  to  give  it  or  to  with- 
hold it. 

Pubic. — Relating  to  the  pubes  (region 
corresponding  to  the  pubic  bones) ;  e.g.  the 
pubic  arch,  the  pubic  bone  (os  pubis),  the  pubic 
spine,  the  pubic  segment  of  the  pelvic  floor,  etc. 

Pubiotomy  or  Pubeotomy  or 

Pubotomy.  See  Hebotomy  ;  Labour, 
Obstetric  Operations  (Symphysiotomy). — John 
Aitken,  of  Edinburgh,  writing  in  1786  {Principles 
of  Midwifery,  3rd  edition,  p.  83),  proposed  an 
operation  closely  resembling  the  modern  heb- 
otomy  or  pubiotomy.  "  May  not,"  he  wrote, 
"  Csesarean  section  and  embryotomy  be  super- 
seded by  a  pelvitomia  nova  %  viz.  two  incisions, 
one  on  each  side,  reaching  to  the  ossa  pubis,  as 
near  the  crural  vessels  as  safely  may  be,  so  that 
one  may  be  distant  from  the  other  about  four 
inches  \  and  two  corresponding  to  and  touching 
the  joinings  of  the  rami  pubis  and  ischiorum. 
The  bones  are  then  divided  by  the  flexible  saw, 
without  wounding  the  peritoneum,  bladder,, 
urethra,  or  vagina.  Thus  the  segment  of  the 
pelvis  becomes  movable,  and  yields  to  th& 
pressure  of  the  child  so  as  to  allow  delivery. 
If  due  attention  be  paid  to  the  wound,  may  not 
the  healing  take  place  in  such  sort,  that  in 
future  sufficient  capacity  of  the  pelvis  may  be 
preserved?  I  am  just  now  employed  in  trying 
the  eff"ect  of  this  operation  on  brutes." 

Public  Health.  See  Abattoirs;  Air,. 
Examination  of;  Air-Borne  Diseases,  Anthrax;. 
Canal  Boats  ;  Cattle  ;  Disinfection  ;  Epi- 
demiology ;  Food  ;  Hospitals  ;  Infection  ; 
Meteorology  ;  Midwives  ;  Milk  ;  Nursing  ;. 
Pregnancy  {Management) ;  Quarantine  Rabies  ;: 
Sewage  and  Drainage  ;  Trades,  Dangerous  ;. 
Ventilation  and  Warming  ;  Vital  Statistics  ;. 
Water. 

PubO-. — In  compound  words  pubo-  (Lat. 
pubes,  the  hair  which  appears  on  the  body  at 
puberty)  means  relating  to  the  pubic  region  or 
bone  ;  e.g.  pubofemoral,  pubo-vesical,  etc. 

PuCCinia.— Mildew  {Puccinia  graminis),. 
is  a  fungus  which  may  grow  on  flour  and  meal. 

Pudding's.  See  Invalid  Feeding  {Diet 
duriiig  Convalescence,  Puddings). 

Pudenda,  Ulcerating:  Granu- 
loma of  the.  See  also  Venereal  Disease 
{Ulcerating  Granuloma  of  the  Pudenda). — The 
distribution  of  this  disease  is  not  yet  fully 
known.  It  occurs  in  British  Guiana,  where  it 
attacks  tlie  pudenda  of  the  coloured  population 
and  half-breeds.  Women  are  rather  more 
frequently  attacked  than  men.  Dr.  Daniels 
states  that  he  has  seen  a  similar  disease  in  Fiji 
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amongst  the  Melanesians  from  the  New  Hebrides 
and  Solomon  Islands.  It  was  there  a  chronic 
disease,  unaffected  by  antisyphilitic  treatment, 
and  was  locally  contagious,  or  at  least  affecting 
opposed  surfaces.  The  present  writer  met  with 
probably  a  dozen  cases  in  Darfour  and  in  the 
Bahr-el-Gliazal  district  of  Central  Africa.  Dr. 
J.  H.  Conyers,  who  has  had  experience  on  the 
Gold  Coast  of  West  Africa,  never  saw  the  disease 
there.  Dr.  Kennard  divides  the  affection  into 
three  classes — specific,  tubercular,  and  malig- 
nant— but  it  is  probable  that  these  are  only 
phases  of  the  same  disease.  The  disease  attacks 
individuals  from  adolescence  to  old  age.  It  is 
rarely,  if  ever,  cured,  and  specific  treatment  has 
no  influence  upon  its  progress,  although  it  may 
be  useful  in  cases  which  are  complicated  with 
syphilis.  Fifty  years  ago  the  disease  seems  to 
have  been  exceedingly  rare. 

There  is  no  evidence  that  this  affection  is 
hereditary. 

The  disease  usually  commences  as  a  simple 
pimple  situated  somewhere  in  the  groin  or 
behind  the  scrotum,  or  somewhere  on  the 
genitals.  There  is  great  itching,  and  buboes 
form.  The  patients  scratch  themselves,  and 
the  tissues  break  down  and  discharge  a  foul- 
smelling  purulent  fluid.  An  ulcer  rapidly 
forms,  having  abrupt  edges  which  are  more  or 
less  indurated.  There  is  little  or  no  congestion 
of  the  surrounding  skin.  The  affection  may 
either  begin  on  the  skin  or  the  mucous  mem- 
brane ;  it  does  not  affect  the  glands,  bones,  or 
subjacent  tissue,  but  spreads  in  the  dermal  and 
siib-dermal  tissue.  It  has  a  marked  preference 
for  the  neighbourhood  of  the  hair  follicles  and 
for  the  sebaceous  and  sudoriferous  glands,  at 
any  rate  in  its  advanced  condition.  The  disease 
does  not  markedly  affect  the  general  health, 
and  is  not  associated  with  anyparticular  diathesis. 

Microscopically  the  disease  appears  to  be 
allied  to  lupus  erythematosus,  but  there  is  a 
want  of  symmetry,  and  it  is  more  superficial  in 
character  than  that  disease.  It  spreads  very 
slowly — for  instance,  in  a  case  which  was  seen 
in  1890  it  was  situated  behind  the  scrotum,  in 
1892  it  had  spread  round  the  anus,  and  in  1896 
it  had  extended  backwards  to  the  coccyx. 

No  characteristic  micro-organisms  have  been 
found  in  connection  with  this  affection,  simply 
micrococci  staining  deeply  by  Gram's  and 
Loffler's  methods.  The  nodules  which  exist  on 
the  margins  of  the  ulcers  are  composed  of  round 
cells  with  large  but  usually  badly  stained  nuclei 
contained  in  a  delicate  reticulum  of  fibrous 
tissue,  which  is  covered  by  epithelium.  The 
nodules  merge  gradually  into  a  subjacent,  dense, 
fibrous  stroma,  in  which  small  masses  of  similar 
rounded  cells  are  embedded.  The  growths  are 
very  vascular  and  the  capillaries  much  dilated, 
but  there  are  no  haemorrhages  (J.  Galloway). 

Treatment.  —  This  is  very  unsatisfactory. 
Tonics  if  necessary,  but,  as  before  mentioned. 


specific  treatment  is  without  effect.  The  local 
treatment  consists  of  great  cleanliness  and  the 
application  of  caustics.  Salicylic  acid,  30  or 
40  grs.  to  creasote  ointment  1  oz.,  may  be  used. 
This  causes  severe  pain  for  one  or  two  hours, 
but  it  does  not  cure  the  patient,  as,  if  the 
treatment  is  stopped,  the  ulceration  proceeds. 
Scraping  the  diseased  part  with  a  Volkmann's 
spoon  is  sometimes  useful,  but  the  only  chance 
of  cure  is  the  free  excision  of  the  initial  pimple. 
Usually  the  disease  has  progressed  too  far  for 
this  when  the  patient  comes^under  observation. 

Pudendum.  —  The  external  genital 
organs  of  the  human  female  (Lat.  pudere,  to 
make  ashamed) ;  it  is  generally  used  in  its 
plural  form,  pudenda  {q.v. ). 

PudiC. — Relating  to  the  pudenda,  e.g.  the 

pmdic  artery  and  the  pudic  nerve. 

Pueblo.  See  Therapeutics,  Health 
Resorts  (^American). 

Puei*. — A  mixture  employed  in  leather- 
making  ;  it  consists  of  water,  pigeon's  manure, 
and  dog's  dung,  and  in  it  the  pelts  are  im- 
mersed ;  it  may  constitute  a  nuisance  and  re- 
quire to  be  remedied. 

PueriCUlture. — The  branch  of  preven- 
tive medicine  which  deals  with  the  procreation 
of  healthy  and  well-formed  children  (Lat.  ^■wer, 
a  boy,  cultiira,  cultivating),  especially  by  caring 
for  the  health  of  the  mother  during  pregnancy ; 
antenatal  therapeutics. 

Puerpera,. — A  recently  delivered  woman, 
or,   less    often,    a    woman    in    labour.  See 

PUERPERIUM. 

Puerpera.1.- — Relating  to  or  occurring  in 
the  puerperium,  e.g.  puerperal  sepsis,  puerperal 
insanity,  etc.    See  Puerperium,  Pathology  op 

THE. 

Puerperium.— This  subject  is  described 
in  the  following  sections  : — 

Physiology  of  348 

Pathology — 

I.  Puerperal  Infection    .  .  362 

II.  Affections  of  Breasts  and  Nipples  369 

III.  Certain  General  Conditions,  Fever 

in    the  Puerperium,  Sudden 
Death,  Hsematoma,  etc.    .  .374 

IV.  Puerperal  Insanities  .  376 
V.  Deciduoma  Malignum  380 

See  also  Brain,  Affections  of  Blood- 
vessels (GerehraL  Embolism  and  Thrombosis, 
Causes) ;  Glycosuria  {Puerperal  Glycosuria  or 
Lactosuria)  ;  Lung,  Tuberculosis  of  {Com- 
plications, Puerperium) ;  Lungs,  Vascular 
Disorders  {Pulmonary  Embolism,  Causes) ; 
Miliaria  {Miliaria  Crystalline  in  Puerperal 
Fever) ;  Nephritis  {Chronic) ;  Nerves,  Multiple 
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Peripheral  Neuritis  {Puerperal  Neuritis) ; 
Pulse  (Arterial  Pressure  in  Puerperal  Eclampsia). 
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The  puerperium  is  the  period  of  recovery  from 
childbirth,  and  is  also  known  as  the  "lying-in." 
It  may  be  said  to  begin  with  the  expulsion  of 
the  placenta,  and  to  comprise  clinically  the 
first  month  and  anatomically  the  first  six  weeks 
after  delivery.  It  possesses  a  twofold  interest : 
from  the  physiological  and  anatomical  stand- 
point, remarkable  changes  in  the  maternal 
system  supervene  on  the  completion  of  labour ; 
from  the  clinical  standpoint,  the  management 
of  the  puerperium  requires  the  most  careful 
attention,  in  order  to  shield  the  patient  from 
present  danger  and  to  avert  harmful  results  in 
the  future.  This  natural  division  of  the  subject 
will  be  followed  here,  on  the  lines  of  the  index. 

I.  Changes  in  the  Maternal  System 
The  rapid  transition  from  the  condition  of 
carrying  and  nourishing  a  child  in  utero,  with 
the  modifications  of  nutrition,  circulation,  and 
excretion  entailed  thereby,  to  the  condition  in 
which  mother  and  child  have  an  independent 
existence,  has  a  marked  influence  on  the  whole 
maternal  system  ;  and  this  influence  is  accentu- 


ated by  the  changes  incidental  to  the  progress 
of  involution  and  the  establishment  of  lactation. 

A.  Physiology  of  the  Puerperium. — The  be- 
ginning of  the  puerperivim  is  characterised  by 
the  effects  of  the  eff'ort  of  labour.  Fatigue, 
which  may  amount  to  prostration,  is  combined 
with  the  feeling  of  rest  and  relief  following 
exertion  and  pain ;  the  skin,  pulse,  and  tem- 
perature testify  to  the  recent  muscular  effoi-ts, 
and  the  patient  is  usually  content  to  lie  in  a 
condition  of  bodily  and  mental  inactivity.  The 
immediate  and  later  systemic  changes  now  de- 
mand our  consideration. 

1.  Temperature  and  Skin. — Immediately  after 
delivery  there  is  a  rise  of  temperature,  which  is 
usually  slight,  but  which  varies  with  the  char- 
acters of  the  labour,  and  especially  with  its 
duration.  From  some  observations  on  600  cases 
at  the  General  Lying-in  Hospital,  made  for  the 
purpose  of  ascertaining  what  relationship  existed, 
I  found  (1)  that  the  duration  of  the  first  stage 
of  labour  has  only  a  slight  influence  on  the  sub- 
sequent temperature,  except  in  those  cases  where 
the  membranes  rupture  very  early ;  when  this 
occurs,  and  the  first  stage  lasts  one  or  several 
days,  the  temperature  after  delivery  is  often 
high,  even  when  the  second  stage  is  rapid. 

(2)  The  influence  of  the  duration  of  the  second 
stage  is  more  marked ;  the  longer  the  second 
stage,  the  higher  is  the  temperature  after  labour. 
The  time  of  day  at  which  delivery  takes  place 
has  a  slight  influence  on  the  temperature,  but 
less  than  is  attributed  to  it  by  Schroeder.  To 
estimate  this  factor  under  conditions  as  similar 
as  possible,  I  analysed  300  normal  cases  of 
multipara}  in  which  the  second  stage  of  labour 
lasted  less  than  an  hour.    Dividing  the  twenty- 
four  hours  into  periods  of  four  hours  each,  50 
cases  were  taken  of  delivery  within  each  period, 
and  the  average  temperature  in  each  group  of 
50  cases  was  obtained,  coming  out  as  follows  : — 
Hour  of  delivery:  12  night  to  4  a.m.  :  Temp.  99° 
4  A.M.  to  8  A.M. :     ,,  98'6° 
8  a.m.  to  12  noon:     ,,  98-6° 
12  noon  to  4  P.M. :     ,,  98-7° 
4  P.M.  to  8  P.M.  :     „  98-9° 
8p.M.tol2night:     „  98-6° 

After  the  administration  of  chloroform  during 
labour  the  subsequent  temperature  is  relatively 
low,  even  when  the  second  stage  has  lasted  long, 
and  has  been  terminated  by  forceps. 

The  temperature  during  the  remainder  of  the 
lying-in  period  presents  no  diff"erence,  in  normal 
cases,  from  that  of  an  ordinary  healthy  person. 

It  was  formerly  taught  that  during  the  first 
twelve  hours  the  temperature  rises,  that  it  falls 
during  the  next  twelve  hours,  and  that,  after 
remaining  stationary  thereafter  for  twenty-four 
hours,  there  is  a  second  rise,  corresponding  to 
the  development  of  lactation.  This  rise  was 
said  to  last  two  days,  and  to  then  give  way  to 
the  ordinary  temperature,  which  was  somewhat 
higher  than  that  of  perfectly  healthy  persons, 
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reaching  a  maximum  of  100'5°F.  (38°  C).  So 
also  E.  S.  Tait  found  that  the  highest  tempera- 
ture occurred  on  the  third  day,  and  he  attributed 
the  rise  to  the  onset  of  lactation.  The  teaching 
of  modern  text-books  is  that,  while  the  tempera- 
ture of  the  lying-in  woman  is  easily  disturbed, 
it  is  not  normally  different  from  that  of  a  healthy 
person.  Galabin  was  among  the  earliest  to  ex- 
press this  view.  He  says  :  "It  does  not  appear 
that  any  notable  rise  of  temperature  should  be 
regarded  as  necessary,  or  absolutely  normal ;  and 
the  elevation  abovit  the  third  day  is  probably  due, 
much  more  often  than  was  formerly  supposed, 
to  a  slight  septic  or  traumatic  disturbance." 
Eecent  American,  French,  and  German  opinions 
are  in  accord  with  those  of  English  writers  on 
this  point.  Varnier  states  categorically  that 
"the  so-called  milk-fever  is  nothing  else  than  an 
attenuated  form  of  puerperal  infection."  It  is 
not  necessary  to  multiply  quotations,  and  I  will 
content  myself  with  supporting  the  modern  view 
on  the  careful  observations  of  Probyn-Williams 
and  Cutler.  Observations  made  on  100  consec- 
utive uncomplicated  cases  led  them  to  the  con- 
clusion that  the  average  temperature  during  the 
lying-in  varies  between  98°  and  99°  F. 

Rupture  of  the  perineum  was  in  the  former 
days  a  frequent  cause  of  rise  of  temperature. 
Tait  found  that,  in  23  cases  of  more  or  less 
severe  tear,  the  average  highest  temperature 
was  103"8° ;  in  7  cases  of  slight  tear,  102'6°; 
and  in  11  cases  of  labial  tear,  103-7°.  With  a 
better  asepsis  these  temperatures  disappear. 
Probyn-Williams  and  Cutler  found  that,  in  15 
consecutive  cases  of  rupture  of  the  perineum, 
requiring  one  or  more  sutvires,  the  average  of 
their  temperatures  did  not  differ  to  any  appreci- 
able extent  from  the  normal. 

W.  S.  A.  Griffith  considers  that  normal  cases 
are  those  in  which  the  temperature  does  not 
exceed  99°,  and  finds  that  on  this  basis  about 
60  per  cent  of  cases  may  be  regarded  as  normal. 

There  are  two  reasons  why  the  belief  in  "  milk- 
fever  "  should  have  prevailed  so  long.  In  the 
first  place,  before  antisepsis  was  introduced  into 
midwifery,  a  mild  degree  of  saprsemia  or  of  septic 
infection  often  occurred  ;  and  the  usual  time  for 
the  manifestation  of  these  conditions  is  from  the 
second  to  the  third  day,  i.e.  about  the  time 
that  the  breasts  are  taking  on  a  fuller  activity. 
In  the  second  place,  as  Griffith  points  out, 
there  is  a  direct  connection  between  septic 
conditions  of  the  uterus  and  a  form  of  mastitis ; 
and  pyrexia,  associated  with  a  blush  on  the 
breasts,  may  be,  and  often  is,  due  to  some 
putrid  clot  or  portions  of  placenta. 

The  skin  of  healthy  lying-in  women  is  more 
moist  than  in  the  non-puerperal  condition,  and 
indeed  this  is  a  feature  that  persists  during 
lactation.  It  is  not,  therefore,  the  result  of  the 
muscular  efforts  incidental  to  delivery.  It  is 
probably  correlated  with  the  activity  of  the 
breasts,  to  which  the  glands  in  the  skin  have 


an  ancestral  relationship.  No  doubt  an  addi- 
tional cause  for  increased  activity  in  the  skin 
is  to  be  found  in  the  fact  that  the  skin  shares 
with  the  kidneys  the  duties  of  increased  eli- 
mination of  waste  tissue-products  resulting  from 
involution. 

The  pigmentation  of  the  skin  brought  about 
during  pregnancy  usually  fades  fairly  rapidly, 
and  may  have  disappeared  almost  completely 
in  a  few  weeks.  The  striae  lose  their  reddish 
tinge,  and  eventually  become  white  and  opaque. 

The  development  of  mammary  functions  by 
the  skin  of  lying-in  women  was  first  described 
by  Champneys,  who  found  that  in  27  out  of 
377  women  confined  at  the  General  Lying-in 
Hospital,  lumps  appeared  in  the  axillse,  from 
which  a  milky  secretion  could  be  expressed.  In 
half  the  cases  they  were  bilateral.  These  lumps 
are  situated  in  the  skin,  and,  unlike  lymphatic 
glands,  can  be  raised  and  isolated  from  deeper 
structures.  They  are  soft,  flattened,  without 
obvious  nipple,  pore,  or  duct.  They  are  limited 
to  the  hair-covered  surface,  and  range  in  size 
"from  the  smallest  perceptible  to  that  of  an 
egg."  They  are  commonly  first  noticed  on  the 
third  or  fourth  day  after  delivery,  and  their 
course  coincides  generally  with  that  of  the 
breasts,  enlarging  and  becoming  tense  and  some- 
times tender  about  the  third  day.  They  some- 
times enlarge,  and  occasionally  become  painful 
at  the  beginning  of  a  subsequent  pregnancy,  or 
during  menstruation.  The  secretion  does  not 
flow  spontaneously ;  but  when  squeezed  out  it 
appears  successively  as  granular  debris,  like  the 
secretion  of  sebaceous  follicles  ;  then  colostrum, 
and  then  milk.  At  first  these  lumps  were  thought 
to  be  associated  with  sebaceous  glands,  but  a 
later  investigation  by  Champneys  and  Bowlby 
has  shown  them  to  be  modified  sweat-glands,  the 
sebaceous  glands  being  unaltered. 

2.  Circulatory  and  Respiratory  Systems. — The 
Heart. — During  the  later  months  of  pregnancy 
the  heart  usually  becomes  displaced  slightly  to 
the  left ;  but  with  the  emptying  of  the  uterus 
and  the  diminution  of  intra-abdominal  pressure, 
it  is  able  to  resume  its  normal  position.  The 
base  of  the  thorax  at  the  same  time  tends  to 
return  to  its  noi-mal  width  ;  it  does  not,  how- 
ever, do  so  entirely,  except  under  the  influence 
of  artificial  compression.  A  second  important 
change  is  the  disappearance  of  the  hypertrophy 
that  is  found  during  pregnancy ;  this  involution 
of  the  cardiac  muscle  is  commonly  associated 
with  a  soft  blowing  murmur  replacing  the  first 
sound  as  heard  at  the  apex.  This  was  first 
described  by  Angel  Money,  and  has  been  con- 
firmed by  later  observers.  Dakin  found  it  to 
be  present  in  57  out  of  100  cases  specially  ex- 
amined at  the  General  Lying-in  Hospital. 

The  Pulse. — Retardation  of  the  pulse  diu-ing 
the  lying-in  was  incidentally  noted  by  R.  Whytt 
in  1765.  Montgomery  recorded,  in  1857,  three 
cases  in  which  the  pulse  was  40  to  44  on  the 
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day  after  delivery,  rising  about  10  beats  a  day 
till  it  returned  to  normal.  Two  of  the  cases 
were  multiparse,  and  one  a  primipara.  He 
mentioned  that  he  had  seen  many  other  cases 
of  this  phenomenon,  of  which  he  was  unable  to 
offer  any  explanation.  M'Clintock,  in  1861, 
stated  that,  in  a  large  proportion  of  cases  of 
normal  convalescence,  the  pulse  scarcely  devi- 
ated at  all  from  the  standard  of  health  :  with 
the  reaction  succeeding  to  the  shock  of  par- 
turition, and  with  the  coming  of  the  milk, 
there  might  be  a  rise  of  a  few  beats ;  but  even 
this  temporary  acceleration  was  more  frequently 
absent  than  present.  He  continually  met  with 
cases  in  which  the  pulse  did  not  exceed  72  all 
through  childbed ;  and  many  other  cases  he 
had  met  with  where  it  was  as  low  as  60,  54, 
48,  and  even  44.  But  this  morbid  slowness  he 
regarded  as  constitutional,  and  not  depending 
on  any  condition  peculiar  to  childbed  ;  and  he 
added  that  these  patients  recovered  well. 

A  more  detailed  study  of  the  question  was 
made  by  Blot  in  1864.  The  following  is  a 
resume  of  some  of  his  conclusions  : — Slowing  of 
the  pulse  is  generally  observed  in  healthy  lying- 
in  women.  The  patients  on  whom  he  made  his 
observations  had,  apart  from  the  puerperal 
state,  an  ordinary  physiological  pulse-rate. 
Most  frequently  the  pulse-rate  oscillates  between 
44  and  60 ;  three  times  he  saw  it  fall  to  35. 
The  slowing  is  not  influenced  by  diet,  by  uterine 
contractions,  or  by  the  duration  of  the  preced- 
ing labour ;  and  it  persists  during  the  time 
often  improperly  described  as  that  of  "  milk- 
fever."  It  is  more  often  found  in  multiparse. 
It  generally  begins  in  the  first  twenty-four 
hours  after  labour ;  becomes  more  pronounced, 
then  remains  stationary,  and  finally  disappears 
gradually.  The  duration  of  the  slowing  is  usually 
from  10  to  12  days.  It  is  a  very  favourable 
prognostic  sign.  It  is  not  to  be  explained  by 
nervous  exhaustion,  for  sphygmographic  obser- 
vations undertaken  in  conjunction  with  Marey 
showed  that  it  is  related  to  the  increase  in 
arterial  tension  which  follows  labour.  Louge, 
whose  conclusions  agree  in  the  main  with  those 
of  Blot,  describes  three  types  of  the  puerperal 
pulse :  in  the  first  type  it  oscillates  between 
72  and  80,  and  is  never  slower ;  in  the  second 
the  general  rate  is  72  to  80,  but  it  may  drop  at 
times  to  60  or  58,  returning  to  the  normal ;  in 
the  third  type  the  pulse  becomes  gradually 
slower,  till  it  oscillates  between  46  and  50,  the 
maximum  slowing  being  on  the  seventh  day. 
Olshausen  found  that  in  348  cases  the  pulse- 
rate  was  as  follows  : — 

Over  60  in       128  cases,  or  36 '8  per  cent 
51-60  in  164       „  47-1 

41-50  in  53       „  15-3 

40  or  under  in     3       ,,        0'8  „ 
Hence  a  pulse  below  60  was  found  in  63  per 
cent  of  cases.    Falaschi  described  it  as  occurring 
in  25  per  cent  of  cases ;  Louge  found  it  in  33 


per  cent  of  multiparse,  and  in  25  per  cent  of 
primiparse.  Blot,  on  the  other  hand,  considered 
it  to  be  the  general  rule.  The  above  conclu- 
sions have  become  crystallised  in  the  teaching 
of  most  of  the  text-books  of  midwifery.  Thus 
Spiegelberg  says :  "  The  pulse-rate,  which  had 
increased  during  labour,  diminishes  immediately 
after  it,  then  rises  again,  and  on  the  second, 
third,  or  fourth  day  becomes  markedly  slowed. 
The  rate  then  varies  between  44  and  70 ; 
indeed,  a  frequency  of  less  than  40,  even  of  30, 
has  been  noticed  ;  the  usual  figures  are  44,  48, 
and  56." 

Within  the  last  few  years  the  older  teach- 
ing has  been  challenged,  notably  by  Probyn- 
Williams  and  Cutler,  and  by  Heil.  From  an 
investigation  on  100  cases  at  the  General  Lying- 
in  Hospital,  Probyn- Williams  and  Cutler  found 
that  the  average  pulse-rate  during  the  puer- 
perium  was  never  lower  than  72,  and  was  often 
nearer  80  than  70 ;  not  one  case  presented 
features  corresponding  to  the  above  description 
by  Spiegelberg.  On  examining  the  records  of 
20  cases  at  Queen  Charlotte's  Hospital,  their 
conclusions  were  confirmed.  Their  100  cases 
presented  the  somewhat  curious  feature  that  the 
pulse-rate  was  higher  in  the  morning  than  in 
the  evening.  Heil's  investigations  also  com- 
prised 100  cases  ;  he  found  that  in  only  12  per 
cent  of  cases  was  the  pulse-rate  less  by  at  least 
10  beats  during  the  Ij^ing-in  than  during  preg- 
nancy. He  concludes  that  it  cannot  be  ad- 
mitted that  there  is  during  the  puerperium  a 
physiological  retardation  of  the  pulse  to  any- 
thing like  the  extent  generally  taught ;  for 
though  the  pulse  may  be  slow,  the  same  thing 
may  occur  during  pregnancy  or  in  ordinary 
health ;  it  is  in  no  way  characteristic  of  the 
lying-in  period. 

In  the  face  of  these  conflicting  views,  Varnier 
set  himself  to  investigate  the  matter  afresh ; 
and  his  observations  led  him  to  the  conclusion 
that  in  72  per  cent  of  cases  there  was  an 
undeniable  slowing  of  the  pulse  during  the 
lying-in.  We  must  necessarily  conclude  from 
these  diverging  results  that  the  pulse-rate  dur- 
ing the  puerperium  presents  great  variations, 
depending  no  doubt  in  some  degree  on  varying 
conditions  of  observation.  Investigations  on  a 
more  extended  scale  are  required.  For  the 
present,  the  view  that  most  nearly  expresses 
the  results  of  the  majority  may  be  considered 
to  be  this  :  that  during  the  lyinfi-in  period  the 
pulse-rate  is  frequently  lower  than  in  the  non- 
puerperal state,  and  almost  always  lower  than 
during  pregnancy ;  the  most  common  2}ulse-rate 
is  60  to  70,  and  the  instances  i7i  which  it  is  lower 
than  50  must  be  regarded  as  quite  exceptional. 

Until  slowing  of  the  pulse  has  been  un- 
equivocally demonstrated  to  be  the  general 
rule,  it  is  perhaps  futile  to  discuss  at  length 
the  cause  of  such  slowing.  It  will  suffice  to 
enumerate   some   of   the   views  propounded. 
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Thus  it  has  been  attributed  to  the  mental  and 
physical  rest  of  the  puerperal  woman  ;  to  im- 
poverishment of  the  blood  from  abundant  losses  ; 
to  increased  arterial  tension  (Blot,  Marey, 
H^mey) ;  to  the  horizontal  position  (Fritsch) ; 
to  altered  innervation  (Lohlein) ;  and  lastly  to 
fat  in  the  blood  derived  from  the  involution  of 
the  uterine  muscle  (Olshausen). 

With  regard  to  arterial  tension  during 
the  puerperium,  there  is  again  a  diversity  of 
opinion.  Fintsch  stated  that  it  is  diminished, 
and  Meyburg  confirmed  this  view  ;  on  the  other 
hand,  Probyn-Williams  and  Cutler  support  the 
teaching  of  Blot  and  Marey  that  it  is  usually 
raised.  The  differences  of  opinion  may  be  due 
in  some  measure  to  want  of  discrimination 
between  the  immediate  effect  of  delivery  on  the 
tension  and  the  condition  when  that  effect  has 
passed  off.  According  to  Probyn-Williams  and 
Cutler,  the  tension  varies  considerably  during 
the  first  twenty-four  hours  after  delivery,  being 
sometimes  increased  and  sometimes  diminished  ; 
but  at  the  end  of  twenty-four  hours  it  has 
always  inci-eased  so  as  to  equal,  or  more  often 
surpass,  the  tension  during  labour.  The  dura- 
tion of  the  increase  varies,  but  is  usually  longer 
in  multiparse.  A  rise  of  temperature,  even 
though  slight,  rapidly  reduces  the  tension. 

The  oedema  and  the  varicose  condition  of  the 
veins  in  the  vulva  and  legs,  which  are  so  often 
present  in  the  later  months  of  pregnancy, 
usually  rapidly  subside  after  delivery. 

The  respiratory  rhythm  is  said  by  some  writers 
to  become  slowed  during  the  puerperium.  In 
Probyn-Williams  and  Cutler's  cases  this  was 
not  the  case ;  the  average  rate  was  20  to  22, 
and  followed  the  pulse-rate  in  being  higher  in 
the  morning,  rather  than  the  temperature, 
which  was  higher  in  the  evening.  The  capacity 
of  the  lungs  is  not  usually  altered  ;  for  although 
the  diaphragm  has  a  greater  range  of  movement 
after  the  emptying  of  the  uterus,  this  is  neutral- 
ised by  the  narrowing  of  the  base  of  the  thorax, 
which  had  been  expanded  during  pregnancy. 

3.  The  Digestive  System. — For  the  first  few 
days  after  labour  there  is  a  loss  of  appetite, 
which  no  doubt  has  a  physiological  relation  to 
the  diminished  demand  on  metabolism,  when 
the  mother  no  longer  has  to  nourish  the  foetus 
in  utero,  and  before  the  new  claim  of  lactation 
is  established.  On  the  other  hand,  thirst  is 
increased  owing  to  the  rapid  elimination  of 
fluids  by  the  skin  and  kidneys.  The  action  of 
the  bowels  is  nearly  always  sluggish  ;  this  is 
attributed  to  the  patient's  quiescent  condition, 
to  the  small  quantity  of  food  taken,  to  the 
increased  activity  of  the  other  emunctories, 
and  to  the  relaxation  of  the  abdominal  walls. 
Another  factor  which,  it  seems  to  me,  cannot 
be  ignored,  is  the  diminished  intra-abdominal 
pressure,  which  results  in  a  temporary  vaso- 
motor paresis  ;  as  a  consequence  of  this  the 
innervation  of  the  intestines  remains  in  abey- 


ance, and  the  "  abdominal  pool  "  becomes  filled 
by  dilatation  of  the  vessels  in  the  splanchnic 
area. 

4.  The  Excretory  System. — For  about  the  first 
week  after  labour  the  quantity  of  urine  secreted 
is  increased.  This  increase  relates  mainly  to 
water,  for  in  respect  of  solids  the  total  quantity 
eliminated  shows  no  increase.  Thus  the 
absolute  quantity  of  urea  and  of  chloi'ide  of 
sodium  is  unaltered,  whilst  there  is  an  actual 
decrease  in  the  quantity  of  phosphates  and 
sulphates.  The  specific  gravity  ranges  about 
1010  to  1015.  Peptone,  derived  from  the 
uterine  involution,  is  commonly  present  for 
several  days.  In  view  of  the  researches  of 
Vicarelli  and  Knapp  on  acetonuria  in  pregnant 
women,  which  led  these  investigators  to  the  con- 
clusion that  the  presence  of  acetone  in  the  urine 
was  pathognomonic  of  the  death  of  the  fojtus,  it 
is  interesting  to  note  that  Mercier  and  Menu 
found  acetone  in  the  urine  of  three  out  of  six 
normal  puerperal  women.  There  has  been  a 
considerable  discussion  as  to  the  presence  and 
significance  of  sugar  in  the  urine  since  this 
phenomenon  was  first  demonstrated  by  Blot  in 
1856.  Blot  held  that  sugar  existed  normally 
in  the  urine  of  all  lying-in  and  suckling  women, 
and  in  a  certain  number  of  pregnant  women, 
and  considered  that  the  sugar  gave  an  indication 
as  to  the  quality  of  the  milk.  At  first  these 
views  were  not  universally  accepted.  Wieder- 
hold  (1857)  ascribed  the  reaction  to  mucus,  and 
Leconte  (1857)  to  uric  acid.  Riedel  (1858), 
from  the  examination  of  eleven  puerperal 
women,  concluded  that  sugar  was  not  normally 
present  in  the  urine.  On  the  other  hand, 
Kirsten  (1857)  confirmed  Blot's  results,  except 
that  he  affirmed  that  the  amount  of  sugar  was 
inversely  proportional  to  the  quantity  of  milk  ; 
and  Briicke  (1858)  concluded  that  sugar  was 
normally  present  in  the  urine  not  only  of  the 
nursing  woman,  but  also  of  the  healthy  man  ; 
whilst  Iwanoflf  (1861)  took  an  intermediate 
position,  saying  that  sugar  was  frequently  but 
not  constantly  found.  Lecocq  (1863)  held 
much  the  same  view  as  Briicke,  except  that 
he  thought  that,  whilst  sugar  was  normally 
present  in  the  urine,  it  was  found  more  abun- 
dantly in  the  urine  of  nursing  women.  Chailley 
(1869)  found  sugar  in  3  cases  out  of  13.  De 
Sinety  (1873)  showed  that  glycosuria  could  be 
produced  at  will  by  sudden  suppression  of 
lactation,  and  that  it  disappeared  when  the 
secretion  and  excretion  of  milk  were  balanced  ; 
and  in  a  later  communication  (1876)  he  showed 
that  the  sugar  might  have  other  than  a  mam- 
mary origin,  for  the  veins  of  the  gland  contained 
less  sugar  than  the  arteries.  Hempel  (1874-75), 
from  an  analysis  of  12  cases,  concluded  that 
sugar  was  always  present  at  some  stage  of 
lactation  ;  but  Gubler  (1876),  Johannowsky 
(1878),  and  Verneuil  (1882)  returned  to  the 
view  of  Kirsten,  saying  that  sugar  was  only 
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found  when  lactation  was  interrupted.  Kalten- 
bach  (1877),  Spiegelberg  (1877),  and  Hofmeister 
(1878)  all  found  that  sugar  was  a  constant 
constituent  of  the  urine  of  lying-in  women.  To 
Hofmeier  and  to  Kaltenbach  is  due  the  credit 
of  the  independent  discovery  that  the  sugar 
was  lactose.  Spiegelberg  regarded  the  presence 
of  sugar  as  due  to  a  "  resorption  diabetes." 
Ney,  whose  observations  were  more  extensive 
than  any  before  or  since,  embracing  24  preg- 
nant and  148  lying-in  women,  also  considered 
that  the  glycosuria  was  a  form  of  "  physiological 
diabetes"  characteristic  of  good  nurses.  M'Cann 
and  Turner  carried  out  an  admirable  investiga- 
tion on  100  cases,  entailing  1400  analyses  of 
the  urine,  and  their  I'esults,  which  have  lately 
been  confirmed  by  Keim,  may  be  taken  as 
representing  the  present  state  of  our  knowledge 
on  the  subject.  Lactosuria  was  observed  in 
every  case.  As  a  rule,  lactose  was  present 
every  day  after  lactation.  The  quantity  varied 
from  '18  to  '69  per  cent,  the  average  being  '35 
per  cent,  i.e.  \\  grain  to  the  ounce.  The  date 
of  the  first  appearance  of  lactosuria  was  found 
to  be  as  follows  : — 

1st  day  (day  of  labour)  29  per  cent. 
2nd  „      .        .        .    27  „ 
3rd  „      .       .       .    26  „ 
4th  „      .       .       .    11  „ 
5th  „      .       .       .2  „ 
The  late  appearance  of  lactose  on  the  fourth 
and  fifth  days  can  be  explained  by  the  fact  that 
the  supervention  of  lactation  is  delayed  in  these 
cases.    M'Cann  and  Turner  give  two  interesting 
tables  to  show  the  relation  between  the  days 
when  the  largest  amoimt  of  sugar  is  present 
and  the  day  when  milk  first  appears  in  the 
breasts.    I  have  combined  these  tables  to  bring 
out  the  relation  more  forcibly. 

Percentage  of  cases  when   Percentage  of  cases  when 
milk  first  appears  in         the  largest  amount  of 
the  breasts.  sugar  is  present. 


1st  day 

.  1 

2nd  „  . 

.      5  . 

.  5 

3rd  „  . 

.    10  . 

.  46 

4th  „  . 

.    26  . 

.  39 

5th  „  . 

.    26  . 

.  6 

6th  „  . 

.      8  . 

.  1 

7th  „  . 

.  5 

8th  „  . 

.  3 

9th  „  . 

.  4 

10th  „  . 

.  5 

nth  „  . 

.  3 

12th  „  . 

.  2 

13th  „  . 

.  2 

14th  „  . 

.  1 

Thus  the  mammary  glands  being  in  a  state 
of  great  activity  on  the  third  and  fourth  days 
of  the  puerperium,  milk  is  rapidly  formed,  and 
thus  distension  of  the  breasts  soon  occurs ;  at 
the  same  time  milk-sugar  is  absorbed  into  the 
blood,  owing  to  the  excessive  production  or 
diminished  outflow  of  milk,  and  this  excess  of 


milk-sugar  is  excreted  by  the  urine,  and  is  thus 
found  in  largest  amount  on  the  fourth  and  fifth 
days.  In  most  cases,  after  this  period,  the 
amount  of  sugar  remains  constant  if  the  milk 
be  excreted  uninterruptedly,  and  if  the  daily 
quantity  be  not  excessive,  i.e.  if  the  production 
and  exhaustion  be  equal. 

The  most  important  factor  in  causing  increase 
of  lactosuria  is  distension  of  the  breasts,  leading 
to  absorption  of  milk-sugar  into  the  blood.  The 
same  effect  is  produced  by  the  application  of 
belladonna  to  the  breasts.  Next  in  importance 
comes  the  excessive  production  of  milk.  But 
although  excess  of  milk  is  associated  with  in- 
creased lactosuria,  the  quality  of  the  milk  may 
be  inferior,  except  in  regard  to  its  richness  in 
lactose.  Hence  the  indication  as  to  the  value 
of  a  wet-nurse,  which  Blot  thought  could  be 
found  in  the  amount  of  sugar  in  the  urine, 
is  not  to  be  relied  on.  Increased  lactosuria 
also  follows  the  reflexly  increased  secretion 
brought  about  by  putting  the  child  to  the 
breast. 

The  Bladder. — Although  an  increased  quantity 
of  urine  is  secreted  in  the  early  days  of  the  puer- 
perium, the  bladder  usually  displays  a  marked 
inactivity,  with  the  result  that  retention  of  urine 
is  generally  met  with.  The  principal  reason  of 
this  is  probably  the  same  as  is  found  operating 
in  reference  to  the  bowels,  namely,  diminished 
intra-abdominal  pressure  and  laxity  of  the  ab- 
dominal walls.  A  contributory  cause  is  found 
in  the  bruised,  sore  condition  of  the  bladder  and 
urethra,  for  in  the  vesical  portion  of  the  latter 
fissures  are  often  produced  during  labour  (Spiegel- 
berg). This  acts  in  two  ways  :  a  reflex  inhibition 
of  the  bladder  muscle  is  brought  about,  and  the 
patient  dreads  to  pass  water.  Recht  made  ob- 
servations on  224  women  confined  at  term  in 
the  Clinique  Baudelocque,  and  found  that  the 
time  that  elapsed  between  labour  and  the  first 
micturition  was  as  follows  :— 

Broadly  expressed,  the  bladder  was  first 
emptied  : 

In  the  first  six  hours    .       .    in  51  cases,  or  22-76  % 
From  the  7th  to  the  12th  hour  in  79    ,,     „  35-26  % 
13th  18th  46    .,     ,,  20-54  % 

19th  ,,  24th  ,,  33  .,  ,,  14-75  % 
25th     ,,     36th     „      15    ,,     ,,   6-69  % 

The  separate  examination  of  primiparse  and 
multiparte  shows  that  retention  is  more  pro- 
noimced  in  the  former.  The  difference  is  prob- 
ably largely  accounted  for  by  the  greater 
extent  and  frequency  of  local  injury  or  bruising. 

Primiparse.  Multiparse. 
First  micturition  in  first  12  hours  .  40-77  %  72-79  % 
First   micturition   from   13th  to 

24th  liour   48-54  %     23-97  % 

First   micturition   from  25th  to 

36th  hour  10-67%  3-30% 

We  shall  return  to  the  question  from  the 
point  of  view  of  treatment  when  discussing  the 
management  of  the  puerperal  state. 


PUERPERIUM,  PHYSIOLOGY  OF 


353 


5.  The  Nervous  System. — For  some  hours  after 
a  normal  delivery  the  patient  lies  very  quiet ; 
the  mind  is  peaceful,  owing  to  the  feeling  of 
satisfaction  that  labour  is  finished  and  the  child 
is  born.  The  physical  condition  resembles  that 
of  great  fatigue,  and  after  a  prolonged  labour  it 
may  even  border  on  shock.  Churchill  thus  de- 
scribes it :  "  After  a  normal  labour  there  is  a 
condition  of  nervous  shock  which  lasts  for  a  few 
hours  ;  during  this  time  the  sensibility  of  the 
brain  is  diminished,  but  the  organs  of  sense  are 
more  sensitive.  The  eye  has  lost  its  brightness, 
and  expresses  languor  and  exhaustion  ;  but  it  is 
more  intolerant  to  light,  as  the  ear  is  to  sound. 
After  obstetrical  operations  the  shock  may  be 
much  more  pronounced."  This  passing  phase 
of  shock,  if  present,  soon  gives  place  to  a  con- 
dition of  exalted  irritability  of  the  whole  nervous 
system ;  so  that  very  slight  physical  or  emotional 
causes  are  sufficient  to  send  up  the  tempei-ature 
and  otherwise  disturb  the  patients.  In  those  of 
a  hysterical  or  highly  strung  temperament  the 
border-line  between  sanity  and  insanity  may 
easily  be  reached,  and  even  overstepped.  Nor- 
mally, this  condition  subsides  within  a  week  or 
ten  days. 

6.  Lactation. — For  the  first  twenty-four  hours 
after  delivery  the  breast-secretion  is  much  the 
same  as  in  the  later  part  of  pregnancy,  and  is 
known  as  colostrum.  The  true  milk-secretion 
begins  most  frequently  on  the  third  day.  Ac- 
cording to  M'Cann  and  Turner's  table,  quoted 
above,  the  date  of  the  first  appearance  of  milk 
in  the  breasts  presents  the  following  relative 
frequency : — 

1st  day  in    1  per  cent    4th  day  in  39  per  cent 
2nd      „     5       „         5th       „  6 
3rd      „   46       ,,         6th       „     1  „ 

Lactation  is  established  rather  later  in  primi- 
parse  than  in  mxdtiparae.  Its  onset  is  marked 
by  swelling  and  tenderness  of  the  breasts ;  the 
superficial  veins  are  distended,  the  axillary 
glands  are  enlarged,  and  the  lymphatics  leading 
to  them  are  readily  felt.  The  more  pronounced 
these  features  are,  the  greater  are  the  pain  and 
the  tenderness  experienced  ;  and  when  the  local 
disturbances  are  considerable  they  are  accom- 
panied by  general  malaise,  loss  of  appetite,  and 
some  rise  of  temperature.  As  we  have  re- 
marked, the  nervous  system  of  the  lying-in 
woman  is  excitable,  and  it  is  not  therefore  sur- 
prising that  the  temperature  should  show  a 
slight  rise  when  the  breasts  are  very  painful. 
This  rise  does  not  indicate  that  there  is  "  milk- 
fever  " ;  it  is  generally  agreed  now  that  no  such 
thing  exists.  Moreover,  as  Griffith  points  out, 
it  is  important  to  remember  that  a  rise  of 
temperature  which  coincides  with  the  onset  of 
lactation  may  really  be  due  to  septic  absorption 
from  the  genital  canal,  the  effects  of  which 
appear  about  this  time,  and  that  disturbances 
in  the  breasts  may  actually  be  the  result  of 
such  absorption. 
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At  the  outset,  the  secretion  of  milk,  though 
independent  of,  is  favoured  by,  the  reflex  stimu- 
lation of  the  gland  through  the  nipple  when 
the  child  is  applied  to  the  breast.  Thereafter, 
as  long  as  suckling  is  continued,  the  supply, 
under  ordinary  conditions,  is  kept  up  for  nine 
or  ten  months.  Sometimes,  from  constitutional 
causes,  such  as  weakness,  faulty  diet  or  meta- 
bolism, or  from  no  apparent  cause,  the  supply 
runs  short  after  three  or  six  months  ;  oi',  while 
the  quantity  is  unchanged,  the  quality  de- 
teriorates, so  that  the  child  does  not  thrive.  In 
other  cases  suckling  is  persisted  in  for  twelve 
or  fifteen  months,  and  exceptionally  for  an  even 
longer  time.  The  weaning  of  the  child  is  com- 
monly followed  within  one  or  two  weeks  by 
diminution  and  disappearance  of  the  milk.  As 
long  as  lactation  lasts,  menstruation  is  usually 
in  abeyance ;  but  not  infrequently  the  menses 
reappear  at  the  fifth  or  sixth  month,  and  occa- 
sionally a  woman  menstruates  all  through  lacta- 
tion. Conception  during  this  period  is  corre- 
spondingly rare. 

Characteristics  of  Colostrum  and  of  Milh. — 
Colostrum  is  a  turbid  pale  yellow  fluid,  alkaline, 
and  slightly  viscid  from  the  presence  of  mucin. 
Chemically,  it  contains  more  fat,  sugar,  and 
inorganic  salts  than  are  found  in  the  milk 
secreted  later  ;  and,  in  contradistinction  to  the 
latter,  it  contains  a  considerable  quantity  of 
globulin  and  very  little  caseinogen.  Microscopi- 
cally, it  is  characterised  by  fat  globules,  mucous 
corpuscles,  shed  epithelium,  and  colostrum 
corpuscles.  The  latter  are  swollen  rounded  cells 
loaded  with  fat  globules  ;  they  are  cast-ofF  cells 
of  the  alveolar  epithelium,  and  by  suitable 
reagents  can  be  shown  to  possess  a  nucleus,  and 
to  exhibit  amoeboid  characters  under  certain  con- 
ditions. Colostrum  has  a  mild  laxative  action, 
due,  according  to  Winckel,  to  its  relatively 
large  quantities  of  phosphate  of  calcium,  and 
chlorides  of  sodium,  potassium,  and  magnesium. 

Human  milk  has  a  bluish-white  tinge  as  com- 
pared with  cow's  milk,  and,  like  the  latter,  has  a 
neutral  or  faintly  alkaline  reaction.  In  carniv- 
ora  the  milk  is  acid.  The  chemical  composition 
of  human  and  of  cow's  milk  is  given  by  Frank- 
land  as  follows  : — 

Human  Milk.     Cow's  Milk. 
Proteids  (chiefly  caseinogen)    2  7  per  cent    4 "2  per  cent 

Fat  3-5      ,,  3-8 

Sugar  (lactose)    .       .  5'0      ,,         3 '8  ,, 

Salts  0-2      ,,         07  ,, 

Microscopically,  milk  presents  the  character- 
istics of  an  emulsion,  with  very  finely  divided 
fat  globules  and  a  few  epithelial  cells.  Colos- 
trum corpuscles  are  not  found  after  the  first 
few  days. 

Histological  Changes. — Halliburton  gives  the 
following  excellent  account  of  these  changes  : — 
"  The  alveoli  of  the  glands  during  the  secreting 
periods  are  found  to  be  lined  with  very  short 
columnar  cells,  with  nuclei  situated  towards  the 
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centre.  The  edges  of  the  cells  towards  the 
lumen  may  be  irregular  or  jagged,  and  the  re- 
mainder of  the  alveolus  is  filled  up  with  the 
materials  of  the  milk.  During  the  intervals 
between  the  acts  of  discharge,  the  cells  of  the 
alveoli  elongate  towards  the  lumen,  their  nuclei 
divide,  and  in  the  part  of  the  cells  towards  the 
lumen  a  collection  of  oil-globules  and  of  other 
materials  takes  place.  The  next  stage  is  that 
the  cells  divide,  and  the  part  of  each  towards 
the  lumen  containing  a  nucleus  and  the  materials 
of  the  secretion  disintegrates  and  goes  to  form 
the  solid  part  of  the  milk.  The  cells  also 
secrete  water,  salts,  and  milk-sugar.  The  fat, 
etc.,  of  the  milk  are  not  simply  picked  out  from 
the  blood  by  the  secreting  cells,  but  these 
materials  are  formed  by  metabolic  processes 
within  the  protoplasm  of  the  cells.  In  the 
earlier  days  of  lactation,  epithelial  cells  only 
partially  transformed  are  discharged  in  the 
secretion;  these  are  termed  "colostrum  cor- 
puscles." 

7.  The  Lochia. — With  the  expulsion  of  the 
placenta  a  large  raw  surface  is  left  at  one  part 
of  the  inner  surface  of  the  uterus,  whilst  a 
minor  degree  of  denudation  occurs  over  all  the 
rest  of  this  surface,  owing  to  the  detachment  of 
the  chorion.  From  the  whole  of  this  denuded 
area  a  discharge  of  blood  and  serum  takes  place  ; 
this  discharge,  mingled  with  shreddy  fragments 
of  decidua,  and  modified  by  the  admixture  of 
cervical  and  vaginal  secretions,  constitutes  the 
lochia.  The  proportion  of  blood  is  greater  than 
is  found  in  the  discharges  from  raw  surfaces 
elsewhere,  because  the  uterine  vessels  are  not  so 
perfectly  secured  as  are  those  in  an  ordinary 
operation  wound.  In  pre-antiseptic  times  the 
discharge  usually  became  purulent  after  a  few 
days,  just  as  the  formation  of  "laudable  pus" 
was  regarded  as  a  normal  stage  in  the  healing 
of  a  wound  ;  and  consequently  the  lochia  were 
distinguished,  according  to  their  character,  as 
rubra,  serosa,  and  alba.  The  total  quantity  of 
the  discharges  after  labour  was  naturally  greater 
when  suppuration  took  place ;  and  we  ac- 
cordingly find  that  the  quantities  which  were 
formerly  considered  normal  were  greatly  in 
excess  of  those  met  with  at  the  present  day. 
Gassner  gave  the  following  as  the  result  of  his 
researches : — 

Lochia  rubra,  1-3  day   .       .    1000  grms. 

Lochia  serosa,  4-5  day  .       .      280  ,, 

Lochia  alba,  6-8  day     .       .      205  ,, 

Hence  a  woman  after  labour  loses  in  8  days 
1485  grms.  =  52-29  oz. 

A  nursing  woman  loses  in  all  only  1085 
grms.  =  38 "2  oz. 

Whilst  a  woman  not  nursing  loses  1880  grms. 
=  66-19  oz. 

The  majority  of  subsequent  writers  have 
quoted  these  figures,  which,  however,  for  the 
reasons  given  above,  are  not  applicable  to 
confinements  conducted  according  to  modern 


methods.  Moreover,  Gassner's  observations 
were  made  on  two  cases  only,  one  being  a 
suckling  and  the  other  a  non-suckling  woman. 
In  order  to  determine  the  question  of  the 
normal  amount  of  the  lochia,  I  carried  out  an 
investigation  on  64  consecutive  cases  at  the 
General  Lying-in  Hospital,  Lambeth.  The 
method  of  pr-ocedure  was  as  follows  : — 

The  lochia  were  received  in  wood-wool  pads 
covered  with  sublimate  gauze.  These  pads 
were  made  carefully  to  scale  in  two  sizes,  1  oz. 
and  \  oz.  respectively ;  the  former  being 
employed  at  first  in  each  case,  and  replaced  by 
the  smaller  ones  as  the  discharge  diminished. 

After  removal,  each  pad  was  at  once  again 
weighed,  the  difference  representing  the  amount 
of  discharge  during  the  time  that  the  pad  was 
on. 

When,  two  or  three  times  in  succession,  the 
soiled  pad  was  found  not  to  have  gained  in 
weight,  the  lochia  were  regarded  as  having 
ceased. 

Four  of  the  cases  were  not  normal,  and  were 
not  included  in  my  calculations.  The  remain- 
ing 60  cases  gave  the  following  results  : — 

The  lowest  quantity  was  2  oz.,  the  highest 
24  oz. 

In  30  cases,  or  50  per  cent,  the  quantity  was 
10  oz.  or  less. 

In  19  cases,  or  32  per  cent,  the  quantity  was 
10-15  oz. 

In  8  cases,  or  13  per  cent,  the  quantity  was 
15-20  oz. 

In  3  cases,  or  5  per  cent,  the  quantity  was 
over  20  oz. 

The  average  quantity,  taking  the  whole  of 
the  60  cases  together,  is  10-89  oz.  If  wo 
exclude  three  cases  above  20  oz.,  the  average, 
calculated  on  95  per  cent,  is  10-2  oz.  Hence 
we  conclude  that  the  average  normal  quantity 
of  lochia  is  about  oz. 

The  duration  of  the  discharge  was  from  five 
days  to  a  fortnight,  and  was  distributed  as 
follows : — 


In   4  cases 
In   4  „ 
In  10  „ 
In  11  „ 
In  11  „ 


5  days 

6  „ 

7  „ 

8  „ 

9  „ 


In  6  cases 
In  7  „ 
In  6  „ 
In  1  „ 


10  days 

11  „ 

12  „ 
14  „ 


That  is,  in  40  cases,  or  66  per  cent,  it  was 
nine  days  or  under.  The  average  on  all  the 
cases  is  9-75  days. 

A  practical  deduction  is  that  it  is  usually 
safe  for  the  patient  to  get  up  on  the  tenth  day. 

As  to  the  factors  which  may  influence  the 
quantity  of  the  lochia,  the  chief  interest,  in 
view  of  Gassner's  results,  lies  in  the  question 
of  suckling.  On  this  point  my  cases  do  not 
bear  out  Gassner's  conclusion  that  the  quantity 
is  considerably  increased  in  non-suckling  women. 

In  53  cases  in  which  the  patient  nursed  the 
baby  the  average  was  11-2  oz. ;  in  7  cases  in 
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which  the  child  died,  or  was  fed  by  hand,  the 
average  was  10'3  oz.  The  number  in  the 
latter  class  is  small,  as  only  two  were  still-born, 
and  among  the  others  weaning  was  not  en- 
couraged. But  though  the  number  is  too 
small  for  much  stress  to  be  laid  on  the  figures, 
it  is  at  least  clear  that  non-suckling  does  not 
increase  the  quantity  of  lochia. 

The  age  and  parity  of  the  patient  were  found 
to  bear  no  relationship  to  the  amount  of  the 
lochia.  On  the  other  Iiaud,  the  quantity  was 
found  to  vary  directly  with  the  weight  of  the 
child,  and  especially  with  that  of  the  placenta  ; 
with  the  amount  of  blood  lost  at  the  time  of 
labour,  and  with  the  habitual  amount  of  the 
menstrual  flow ;  whilst  the  quantity  was  also 
greater  in  the  case  of  dark  colouring  and 
complexion  than  with  fair  women. 

B.  Changes  in  the  Pelvic  Organs — Involution. 
— 1.  The  Uterus — The  changes  in  the  uterus 
constitute  by  far  the  largest  and  most  im- 
portant feature  of  the  process  of  involution. 
For  whereas  we  have  to  study,  in  the  abdominal 
wall,  the  recovery  from  distension ;  in  the 
uterine  appendages,  broad  ligaments,  and 
bladder,  the  return  from  mechanical  displace- 
ment ;  in  the  vagina,  vulva,  and  perineum,  the 
recovery  from  violence  during  labour  ;  we  have 
to  follow,  in  the  case  of  the  uterus,  the  extra- 
ordinary and  rapid  changes  by  which  an  organ 
weighing  2  to  3  lbs.  is  transformed,  within  six 
or  eight  weeks,  into  one  weighing  1  to  2  ounces. 
The  process  is  rapid  enough  to  be  readily  traced 
at  the  bedside,  and  we  shall  take  this  aspect  of 
the  subject  first ;  after  which  will  be  considered 
the  anatomical  changes  on  which  the  clinical 
phenomena  are  based.  Lastly,  we  shall  have 
to  inquire  how  far  the  way  in  which  involution 
is  eiFected  is  explained  by  histological  and 
chemical  data. 

{a)  Clinical  Features. — At  the  conclusion  of 
the  third  stage  of  labour  the  uterus  can  be 
felt,  under  normal  conditions,  firmly  contracted, 
and  lying  in  the  hypogastrium,  reaching  nearly 
up  to  the  umbilicus.  It  has  been  aptly  com- 
pared to  a  cricket-ball,  in  the  impression  it 
conveys  to  the  hand.  Contraction  is  not  con- 
tinuous, but  rhythmical ;  but  in  the  intervals 
of  relaxation  it  should  remain  retracted,  and  it 
is  found  in  this  condition  except  when  haemor- 
rhage is  going  on  or  when  distended  with  clots. 
On  palpating  the  uterus  during  the  phase  of  re- 
traction with  relaxation,  it  feels  rather  soft  and 
ill-defined,  and  its  upper  border  usually  reaches 
a  slightly  higher  level  than  during  contraction. 
With  the  progress  of  involution  the  uterus 
gradually  recedes  from  the  abdomen,  and  when 
the  process  is  complete  it  has  resumed  its  normal 
non-parous  position  of  an  entirely  pelvic  organ. 
By  noting  the  position  of  the  uterus  on  the 
successive  days  of  the  puerperium  we  can  obtain 
a  valuable  clinical  indication  of  the  progress  of 
involution,  or,  on  the  other  hand,  of  its  disturb- 


ance and  interruption  by  pathological  conditions, 
of  which  we  thus  receive  an  early  warning. 

The  estimation  of  the  uterine  recession  has 
been  attempted  in  various  ways.  Hecker,  Buhl, 
and  Scanzoni  measured  the  uterus  of  women  who 
died  at  different  times  after  delivery.  SerdukofF 
collected  from  the  tables  of  these  authors  the 
cases  where  death  did  not  apparently  arise 
from  disease  of  the  sexual  organs,  and  where, 
consequently,  involution  was  almost  normal ; 
and  he  thus  got  23  cases,  including  2  of  his  own. 
But  he  concluded  that  no  reliable  data  could  be 
derived  from  such  a  small  number.  SerdukofF 
also  attempted  to  gauge  the  uterine  measure- 
ments by  the  introduction  of  the  sound  ;  but  he 
concluded,  as  other  writers  have  done,  that  this 
plan,  besides  being  not  devoid  of  risk,  was  also 
unreliable  in  its  results.  Sinclair  adopted  the 
sound  for  measuring  the  uterine  cavity  at  various 
intervals  after  delivery ;  but,  as  only  one  obser- 
vation was  made  on  each  of  his  324  cases,  his 
results  are  of  little  value  for  the  present  purpose. 

Wieland  was  the  first  to  adopt  the  plan  of 
external  measurements  of  the  length  and  breadth 
of  the  uterus.  He  concluded  that  up  to  the 
seventh  day  there  was  a  daily  diminution  in 
length  of  from  1  to  1|  cm.,  and  after  that  of  ^ 
to  1  cm.  At  the  tenth  day  he  described  the 
uterus  as  being  out  of  reach  of  measurement, 
having  receded  behind  the  symphysis.  Schneider 
carried  out  some  observations  by  a  similar  method. 
SerdukofF  undertook  a  careful  investigation,  with 
special  precautions  to  exclude  sources  of  error ; 
he  concluded  that  the  transverse  measurements 
gave  a  more  reliable  indication  of  involution  than 
the  vertical  ones.  We  shall  have  to  refer  later 
on  to  his  resumt'j  of  the  circumstances  by  which 
involution  is  affected. 

The  best  recent  work  is  that  of  Stevens  and 
Griffith.  They  advocate  vertical  measurements, 
because  the  transverse  measurement  is  difficult 
to  take,  and  not  practicable  with  any  degree  of 
accuracy  after  the  first  four  days,  unless  the 
uterus  remains  abnormally  large.  To  obviate 
fallacies,  the  measurement  must  be  taken  at 
nearly  the  same  hour  daily ;  the  bladder  and 
rectum  must  be  empty,  and  the  uterus  must  be 
in  the  normal  mesial  position  and  anteverted, 
and  must  be  measured  in  a  state  of  contraction. 
The  character  of  the  pelvis  must  also  be  borne 
in  mind  :  in  a  flattened  pelvis  the  uterus  will  be 
found  considerably  higher  than  in  a  kyphotic 
pelvis  (Barbour).  Stevens  and  Griffith  suggest 
a  convenient  way  of  recording  the  variations  in 
the  height  of  the  fundus,  by  the  use  of  the 
ordinary  temperature  chart;  the  100°  F.  line  of 
the  chart  is  taken  to  represent  the  pubes,  and 
the  lines  above,  101",  102°,  etc.,  represent  in 
inches  the  height  of  the  fundvis  above  the 
pubes. 

The  height  of  the  fimdus  on  successive  days 
is  here  given  according  to  Stevens  and  Griffith 
(the   figures   representing   approximately  the 
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mean  of  the  morning  and  evening  records)  and 
Luisstag. 


Stevens  and  Griffith 


1st  day 

•  H 

2nd  „ 

.  5 

3rd  „ 

•  4f 

4th  „ 

•  41- 

5th  „ 

.  4 

6th  „ 

.  31 
■  3| 

7th  „ 

8th  „ 

.  H 

9th  „ 

0  5 

10th  „ 

•  n 

nth  „ 

91 

12th  „ 

■  H 

Luisstag. 

6  inches 
4f5i  „ 

4| 
4 

3^  „ 
3|  „ 
H 

OS 

2^ 

2^  >^ 
2  or  under. 


Varnier  thinks  that  Luisstag's  figures  are  too 
high,  and  says  that  he  has  often  found  the 
height  of  the  fundus  less  than  5  inches  in  the 
second  half  of  the  first  day ;  4  inches  on  the 
second  day;  2|  to  3\  at  the  fifth  to  seventh 
day ;  and  lying  behind  the  pubes  towards  the 
ninth  day. 

The  height  of  the  fundus  is  increased  by 

(1)  Distension  of  bladder,  rectum,  and  in- 
testines. 

(2)  Mechanical  distension  of  the  uterus  by 
clots,  retained  placenta,  or  membranes. 

(3)  Sub-involution. 

(4)  Anatomical  peculiarities,  such  as  abnormal 
high  position  of  the  uterus  or  unusual  thickness 
of  its  walls. 

The  height  of  the  fundus  is  diminished  by 
malposition  of  the  uterus — namely,  prolapse, 
retroversion,  extreme  anteflexion,  and  excessive 
lateral  obliquity. 

In  cases  in  which  there  is  a  doubt  as  to 
whether  the  enlargement  of  the  uterus,  as  indi- 
cated by  the  height  above  the  symphysis,  is 
apparent  or  real,  the  external  measurement 
should  be  checked  by  a  bimanual  examination, 
which,  though  of  little  value  as  a  precise  measure- 
ment, will  give  a  fairly  accurate  indication  as  to 
increase  in  size. 

(b)  Anatomical  Features. — Our  knowledge  of 
the  anatomy  of  the  uterus  during  the  puerperium 
is  mainly  based  on  observations  of  frozen  sections 
made  by  the  following  authorities  : — 

1.  Stratz  (1886),  I-para,  1  hour  after  delivery. 
2.  Barbour  and  Webster  (1891),  multipara,  im- 
mediately after  delivery.  3.  Barbour  (1888), 
I-para,  1|  hours  after  delivery.  4.  Webster 
(1892),  multipara,  2nd  day  after  delivery.  5. 
Webster  (1892),  multipara,  3rd  day  after  de- 
livery. 6.  Varnier  (1900),  (?),  3rd  day  after 
delivery.  7.  Varnier  (1900),  (?),  3rd  day  after 
delivery.  8.  Webster  (1892),  multipara,  4| 
days  after  delivery.  9.  Barbour  (1888),  I-para, 
5|-  days  after  delivery.  10.  Webster  (1892), 
multipara,  6  days  after  delivery.  11.  Webster 
(1892),  multipara,  15  days  after  delivery. 

The  following  description  is  based  on  the 
work  of  these  authors. 


i.  Macroscopical  Characters.  —  Immediately 
after  delivery  the  uterus  consists  of  a  firmer 
thick-walled  upper  portion  and  a  lower  flaccid 
thin- walled  portion.  The  transition  between 
the  two  portions  is  sharply  defined  on  the 
anterior  wall,  but  more  gradual  on  the  posterior 
wall.  The  line  of  union  of  the  upper  and  lower 
portions  represents  a  retraction  ring,  which  is 
not  that  of  labour,  but  is  nearer  the  cervix, 
part  of  the  lower  segment  having  been  taken 
up  into  it.  The  cervix  is  thick,  flattened  verti- 
cally, and  partly  everted ;  the  os  internum  can- 
not be  defined,  even  microscopically.  The 
whole  organ  measures  about  8  inches  in  length 
and  3^  inches  antero-posteriorly ;  the  cavity 
measures  7  inches.  The  weight  is  about  3J  lbs. 
(Varnier).  The  softness  of  the  lower  segment 
causes  it  to  lie  in  a  somewhat  crumpled-up  con- 
dition ;  the  whole  uterus  is  anteverted,  but  not 
anteflexed.  The  thickness  of  the  walls  of  the 
upper  segment  is  about  1^-  inches  anteriorly 
and  posteriorly,  and  about  1  inch  at  the 
fundus  ;  in  the  flaccid  portion  the  anterior  wall 
is  about  \  an  inch  and  the  posterior  f  of  an 
inch  in  thickness.  The  peritoneum  has  a  firm 
attachment  on  the  posterior  aspect  of  the 
uterus  ;  but  anteriorly  it  can  be  stripped  up  to 
a  "line  of  firm  attachment"  which  has  a  posi- 
tion varying  from  2  to  4 '8  inches  above  the 
anterior  lip  (Barbour). 

When  the  uterus  is  laid  open  it  presents  a 
pear-shaped  inner  surface,  which  consists  above 
of  an  oval  area  7  inches  traversely  and  5^  inches 
from  above  down.  This  passes  below  into  a 
band  4  inches  wide  and  2  inches  vertically. 
The  band  is  the  opened-out  cervix ;  it  is  of  a 
bluish-red  colour  (due  to  ecchymoses)  and  com- 
paratively smooth,  save  for  the  branches  and 
stem  of  the  arbor  vitse.  The  oval  upper  area 
consists  of  two  parts — a  ragged  and  dark  purple 
patch,  about  one-sixth  of  the  whole  in  size, 
surrounded  by  a  brick-red  surface  mottled  with 
numerous  tags.  The  former  is  the  placental 
site,  the  latter  the  decidua-covered  part  of  the 
uterus  (Barbour). 

The  uterus  is  still  abdominal  on  the  fourth 
day,  and  on  the  sixth  is  just  within  the  brim  at 
the  conjugate.  The  vertical  measurements  are 
thus  summarised : — 


Cases. 

Cervix. 

Body. 

Whole  Uterus. 

Cavity. 

2nd  day 

2|  inch 

4J  inch 

7i-  inch 

6J  inch 

3rd  ,, 

2  ,, 

4.3 

61  „ 

5§  „ 

4th  ,, 

2  „ 

H  ., 

7i  „ 

6i  „ 

6th  ,, 

li  „ 

H  „ 

H  „ 

^ 

15th  ,, 

n  „ 

3S  „ 

There  is  but  little  diminution  in  size  for  the 
first  four  days.  On  section  there  is  the  appear- 
ance of  contracted  and  ansemic  non  -  striped 
muscle,  without  any  naked-eye  appearance  of 
fatty  degeneration.  The  post-partum  uterus 
acts  as  a  plug  in  the  pelvis.  The  ovarian  and 
uterine  arteries  are  twisted  and  compressed  by 
the  uterus  against  the  pelvic  wall ;  the  uterus 
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with  the  exception  of  the  cervix,  being  antemic. 
The  cervix  is  congested  and  will  bleed  easily ; 
post-partum  haemorrhage  from  the  torn  cervix 
is  most  marked  where  the  pelvis  is  large  (be- 
cause the  uterus  does  not  plug  so  efficiently) 
or  contracted  (because  the  uterus  cannot  sink 
down). 

The  cervix,  which  at  the  end  of  labour  is  soft 
and  limp,  and  which  passes  insensibly  into  the 
body  of  the  uterus,  gradually  resumes  its 
normal  characteristics  within  the  first  fourteen 
days  ;  by  this  time  the  arbor  vitge  shows  its 
characteristic  folds,  the  canal  has  narrowed, 
and  the  internal  os  is  readily  distinguished. 
By  the  twenty-first  day  the  canal  has  contracted 
to  the  normal  calibre,  and  the  internal  os  is 
sharply  defined.  At  the  end  of  the  sixth  week 
the  cervix  is  quite  normal. 

ii.  Microscopical  Gharacter&. — Wm.  H\inter 
taught  that  the  post-partum  uterus  is  lined  by 
a  "  stratum  "  of  decidual  membrane  ;  Cruveil- 
hier  and  Heschl,  in  later  times,  held  the  view 
that  the  uterus  was  laid  bare  down  to  the 
muscle.  Matthews  Duncan  supported  Hunter's 
view,  which  has  been  confirmed  by  the  work  of 
Friedlainder,  Kundrat  and  Engelmann,  Lang- 
hans,  Leopold,  Klistner,  Turner,  and  others. 
This  stratum  is  about  2  mm.  in  thickness,  and 
consists  of  uterine  glands  imbedded  in  inter- 
glandular  tissue.  The  glands  are  lined,  at  their 
deeper  part,  by  a  cubical  epithelium ;  in  the 
middle  portion,  where  the  dilatation  of  the 
glands  gives  the  appearance  which  has  led  to 
the  designation  of  "  the  spongy  layer,"  the 
epithelium  is  often  wanting.  In  many  cases 
the  line  of  cleavage  in  the  separation  of  the 
membranes  appears  to  have  passed  through  this 
layer ;  but  in  other  cases  a  more  superficial  and 
compact  portion  of  the  glands  remains,  and  here 
the  epithelium  is  again  found,  of  a  columnar 
type.  A  surface  epithelium  also  is  sometimes 
present.  In  the  portion  of  the  decidual  area 
nearest  the  cervix  the  mucosa  is  generally  found 
in  a  more  complete  form  than  in  the  area 
nearer  the  placental  site. 

The  mode  of  involution  of  the  uterine  muscle 
was  also  formerly  a  disputed  point.  Kilian 
(1849),  who  believed  that  the  hypertrophy  of 
the  uterus  during  pregnancy  was  due  both  to 
enlargement  of  existing  muscle  fibres  and  to  the 
new  formation  of  others,  held  that  both  kinds 
of  muscle-fibre  disappeared  completely  by  a  pro- 
cess of  fatty  degeneration.  Heschl  supported 
this  view  of  involution,  saying  that,  of  the 
uterus  which  existed  before  labour,  not  a  fibre 
survived.  Kolliker  also  attributed  involution 
to  fatty  degeneration,  but  thought  that  most  of 
the  muscle-fibres  remained,  though  they  dimin- 
ished in  length  and  thickness.  Robin  (1848- 
1861)  held  a  quite  different  view,  maintaining 
that  the  process  was  one  of  simple  atrophy 
without  fatty  degeneration,  and  that  none  of 
the  muscle-fibres  disappeared.     Meola  (1885) 


attributed  the  regression  of  the  muscle-fibres  to 
a  process  of  cirrhosis  due  to  a  rapid  proliferation 
of  the  intra-muscular  fibrous  tissue.  Sanger 
(1888)  denied  the  proliferation  of  the  connective 
tissue,  but  supported  the  doctrine  of  fatty  de- 
generation, without,  however,  any  disappearance 
of  muscular  fibres.  Mayor's  (1888)  explanation 
was  very  similar  to  Sanger's.  Helme  (1889),  in 
a  careful  investigation,  revised  the  qiiestion,  and 
his  conclusions  are  now  accepted  as  final.  He 
finds  that  involution  "does  not  bring  about  a 
destruction  of  the  cells.  It  is  merely  a  transi- 
tion from  larger  to  smaller  dimensions.  ...  It 
is  an  incomplete  atrophy — not  a  numerical,  but 
a  simple  physiological  atrophy ;  the  process  in 
each  fibre  goes  on  to  a  certain  point  and  then 
stops — the  fibre  remains,  only  it  is  of  smaller 
volume."  As  to  the  way  in  which  this  is 
brought  about,  Helme  finds  no  evidence  what- 
ever of  fatty  degeneration  ;  neither  is  there  any 
increase  of  connective  tissue.  "  The  change  is 
one  of  physiological  retrogression ;  the  actual 
chemical  character  is  not  revealed  by  the  micro- 
scope, but  it  is  probable  that  the  cell-protoplasm 
undergoes  a  sort  of  peptonisation — all  the  sur- 
plus material  that  is  no  longer  required  being 
changed  into  some  more  soluble  substance, 
which  finds  its  way  into  the  surrounding 
lymph."  Helme's  explanation  of  the  process 
receives  some  support  from  Fischel's  researches, 
according  to  which  peptonuria  is  a  constant 
feature  of  the  puerperium,  whilst  peptone  is 
also  found  in  the  lochia  and  in  the  uterine 
muscle.  Helme  found  that  there  was  a  gradvial 
and  progressive  diminution  in  amount  and 
disappearance  of  the  connective  tissue.  Some 
of  the  connective  tissue  fibres  during  the  first 
three  days  swell  up  and  become  hyaline, 
eventually  breaking  down  into  granules.  The 
connective  tissue  cells  also  become  more  and 
more  granular,  and  their  nuclei  are  greatly 
changed,  breaking  up  into  fragments.  In  some 
places  the  destruction  is  so  complete  that  all 
traces  of  connective  tissue  fibres  are  lost,  their 
place  being  taken  by  a  clear  matrix  containing 
a  mass  of  entangling  granules  and  degenerating 
leucocytes,  and  corpuscles  and  nuclei.  Scattered 
through  this  are  the  large  plasmodia,  which 
begin  to  be  formed  in  the  later  days  of  preg- 
nancy, and  whose  function  is  evidently  to  eat 
up  the  waste  material  lying  around  them.  At 
the  same  time,  large  granular  epithelioid  cells 
are  found,  with  a  single  clear  vesicular  nucleus  ; 
on  the  sixth  day  they  are  found  to  be  almost 
filled  with  bright  yellow  granules  derived  from 
the  disintegrating  red  blood-corpuscles. 

In  both  arteries  and  veins  there  is  observed 
in  the  smaller  vessels  a  process,  first  of  com- 
pression, then  of  obliteration ;  whilst  many 
of  the  larger  vessels  exhibit  a  proliferation  of 
the  intima,  which  results  in  a  complete  blocking 
of  the  lumen,  and  the  conversion  of  the  vessel 
into  a  fibrous  cord  which   ultimately  disap- 
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pears.  The  plasmodia  are  especially  congre- 
gated round  the  vessels,  and  no  doubt  they 
assist  in  absorbing  the  contents  of  the  cells  of 
the  vessels  which  are  undergoing  the  gradual 
diminution. 

2.  The  Uterine  Appenda<ies  and  Broad  Liga- 
ments.— The  outer  or  pelvic  extremity  of  the 
broad  ligaments  and  Fallopian  tubes  being 
relatively  fixed,  it  follows  that,  as  the  uterus 
enlarges  during  pregnancy  and  rises  in  the 
abdomen,  the  tubes  come  to  lie  more  or  less 
parallel  to  the  vertical  axis  of  the  uterus  ;  and 
this  is  also  the  position  in  which  they  are  found 
during  the  early  part  of  the  puerperium.  The 
greater  proximity  to  the  uterus  which  results, 
and  in  which  the  ovaries  take  part,  is  further 
accentuated  by  the  lateral  expansion  of  the 
lower  part  of  the  uterus,  which  encroaches  on 
the  cellular  tissue  of  the  lower  part  of  the 
broad  ligaments  and  separates  their  anterior 
and  posterior  surfaces.  The  ovarian  ligaments 
become  temporarily  obliterated,  being  lost  on 
the  lateral  surface  of  the  uterus.  As  the  uterus 
becomes  progressively  smaller,  the  layers  of 
each  broad  ligament  fall  together,  and  the 
Fallopian  tube  and  ovary  become  carried  away 
from  the  side  of  the  uterus,  till,  when  involution 
is  completed,  the  former  resumes  its  transverse 
direction.  The  tubes  ai'e  generally  lengthened 
as  well  as  drawn  up  during  the  pregnancy,  and 
the  same  remark  of  course  applies  to  the  upper 
border  of  the  broad  ligament.  If  the  involution 
of  these  structures  does  not  keep  pace  with 
that  of  the  uterus,  the  tube  and  ligament  come 
to  lie  rather  slack,  with  the  result  that  the 
ovaries  and  tubes  easily  become  prolapsed  into 
the  pouch  of  Douglas.  The  elongated  round 
ligaments  of  the  uterus  also  shorten  during 
the  puerperium ;  if  they  fail  to  do  so  rapidly 
enough,  or  to  a  sufficient  degree,  there  is  a 
great  predisposition  to  backward  displacement 
of  the  uterus. 

3.  The  Vagina. — The  vaginal  walls,  enlarged 
both  in  width  and  in  length,  remain  lax  and 
flaccid  at  first,  but  the  sigmoid  shape  of  the 
vaginal  canal  may  be  restored  in  three  days 
(Webster).  The  anterior  and  posterior  walls 
of  the  vagina  fall  into  apposition  almost  at  once 
in  their  upper  portion  ;  the  lower  portion, 
however,  gapes.  The  posterior  wall,  being 
relatively  fixed  in  its  upper  portion,  is  generally 
but  little  disturbed,  except  from  such  laceration 
as  may  have  occurred  in  its  lower  part,  and 
by  efficient  repair  of  perineal  tears  all  bad 
results  are  avoided.  But  with  the  anterior  wall 
it  is  otherwise.  The  attachment  to  the  back 
of  the  pubes  through  the  medium  of  the  base 
of  the  bladder  is  generally  so  far  loosened  that 
there  is  nearly  always  a  tendency  to  some 
prolapse  in  the  form  of  cystocele,  and  this  may 
persist,  especially  when  labours  succeed  each 
other  rapidly. 

The  pelvic-floor  projection  is  increased  for 


the  first  few  days.  Thus  Webster  found  the 
measurements  in  his  cases  to  be  as  follows : — 
First  day,  2  in.  ;  second,  1|  in.  ;  third,  1|  in.  ; 
fourth,  2^  in. ;  sixth,  1|  in. ;  and  on  the  fifteenth 
day,  1  in. 

4.  The  Bladder. — After  delivery  the  bladder 
resumes  its  normal  shape,  and  when  empty 
it  lies  below  the  level  of  the  symphysis  pubis. 
Halliday  Groom  stated  that  the  bladder  may 
be  higher  after  delivery  than  it  was  before. 
Webster,  however,  from  the  study  of  his  frozen 
sections,  considers  that  this  view  is  wrong,  and 
that  the  bladder  is  never  higher,  but  may  be 
lower  during  the  lying-in.  After  severe  or 
repeated  labours  the  base  of  the  bladder  is 
partially  loosened  from  its  pubic  attachments, 
and  may  bulge  down  and  backwards,  in  con- 
junction with  the  anterior  vaginal  wall. 

A  considerable  measure  of  the  interest  which 
centres  round  the  puerperal  bladder  is  derived 
from  the  influence  which  a  full  bladder  exerts 
on  the  height  and  position  of  the  uterus.  The 
question  has  been  studied  in  great  detail  by 
Groom.  According  to  him,  distension  of  the 
bladder  pushes  the  uterus  up  higher  and  away 
from  the  abdominal  wall,  and  also  causes  some 
deviation  to  one  side  or  other.  It  has  been 
generally  taught  that  this  deviation  is  to  the 
right,  but  Groom  considers  that  left  lateral 
deviation  is  more  common.  The  main  reason 
for  this  is  that,  as  the  bladder  fills,  it  generally 
expands  to  the  right.  When  the  uterine 
deviation  is  to  the  right,  he  regards  it  as  due  to 
a  previous  right  deviation  during  pregnancy, 
to  loading  of  the  rectum,  or  to  accidents  of 
position.  There  is  usually  some  asymmetry 
of  the  bladder,  even  in  the  non-puerperal 
condition.  According  to  Barkow,  of  35  bladders 
in  the  adult  female,  4  were  symmetrical ;  there 
was  a  minor  degree  of  asymmetry  in  10,  major 
in  21.  The  deviation  was  to  the  right  in  18 
cases,  to  the  left  in  8.  In  those  cases  where 
there  is  rotation  of  the  uterus  on  its  longitudinal 
axis,  the  rotation  is  emphasised  by  a  full  bladder. 
Groom  found  that  there  was  rotation  in  10  out  of 
40  cases  examined.  This  corresponds  with  the 
observation  of  Borner,  who  found  that  out  of 
64  cases  there  was  no  rotation  in  50 ;  rotation 
to  the  right  in  12,  and  to  the  left  in  2.  Haig 
Ferguson  believed  that  there  might  be  sufficient 
rotation  to  bring  the  left  ovary  so  far  forward 
as  to  be  grasped  in  the  Grede  manipulation. 
According  to  Webster,  the  rotation  of  the 
uterus  is  insufficient  to  bring  its  transverse 
diameter  into  the  right  oblique  diameter  of 
the  pelvis,  and  the  ovaries  do  not  take  up 
positions  corresponding  to  the  rotation.  As 
to  the  amount  of  urine  which  suffices  to  cause 
upward  and  lateral  displacement  of  the  uterus, 
Pfannkuch  says  that  100  c.c.  (3-5  oz.)  of  urine 
raise  the  uterus  about  1  cm.  (|  in.).  Autefage 
states  that  400-600  grammes  (14  to  21  oz.)  of 
urine  will  cause  an  increase  in  the  real  height 
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of  the  uterus  which  is  not  less  than  4  to  9  cm. 
(1|  to  3^  in.).  Groom  attributes  these  results 
to  observations  being  made  at  varying  periods 
of  the  puerperium.  He  finds  that  in  the 
early  puerperium  the  uterus  is  not  displaced 
appreciably  till  the  bladder  contains  20  to  30 
oz.  of  urine. 

5.  The  Abdominal  Walls. — After  the  great 
distension  produced  by  the  pregnant  uterus,  the 
abdominal  walls  after  delivery  lie  flaccid  and 
loose,  appearing  to  be  too  large  for  the  ab- 
dominal contents,  and  the  skin  is  wrinkled.  For 
some  weeks  the  muscles  are  lacking  in  tonicity, 
and,  owing  to  their  elongation,  they  cannot 
contract  efficiently.  To  this  cause  among  others 
may  be  traced  the  paresis  of  the  vaso-motor 
system,  of  the  bowels,  and  of  the  bladder.  In 
some  cases,  and  especially  after  rapidly  succeed- 
ing pregnancies,  the  common  tendon  of  the 
internal  oblique  and  transversalis  is  so  stretched 
that  the  two  recti  remain  separated,  and  when 
the  patient  strains  the  abdominal  contents  bulge 
between  them,  causing  a  ventral  hernia  in  the 
form  of  a  long,  low  vertical  ridge.  When  the 
recti  and  the  lateral  abdominal  muscles  alike 
fail  to  I'egain  their  tone  a  pendulous  belly  results, 
which  is  not  only  inconvenient  and  ungraceful 
at  ordinary  times,  but  may  result  in  consider- 
able inconvenience  during  subsequent  preg- 
nancies, leading  to  malpresentations  and  to 
inertia  during  labour. 

6.  Evidences  of  Recent  Delivery. — The  diag- 
nosis of  recent  delivery  has  sometimes  a  medico- 
legal importance,  and  it  may  depend  on  ana- 
tomical or  on  clinical  signs.  Anatomically,  the 
condition  of  the  uterus  is  of  chief  importance. 
It  is  not  necessary  to  recapitulate  what  has 
already  been  said  on  this  point. 

Glinically,  evidence  is  derived  from  the  condi- 
tion of  the  abdomen,  breasts,  and  genital  tract. 
On  examining  the  abdomen  its  walls  are  loose 
and  ill-fitting,  and  traversed  by  strii3e  of  a  more 
or  less  vivid  red.  It  is  assumed  that  the  rapid 
emptying  of  the  abdomen  due  to  other  causes, 
such  as  the  evacuation  of  fluids  or  the  removal 
of  tumours,  can  be  excluded,  for  in  this  manner 
also  the  lax  condition  of  the  abdominal  walls 
could  be  accounted  for.  The  striae,  however, 
are  seldom  so  well  marked  or  so  red  in  other 
conditions  as  they  are  in  the  puerperium  ;  and 
moreover,  there  is  usually  a  marked  pigmenta- 
tion of  the  linea  alba  after  labour.  On  palpa- 
tion of  the  abdomen,  the  enlarged  uterus  can 
be  felt  occupying  the  pelvis.  Further  examina- 
tion will  be  required  to  distingviish  this  from 
other  kinds  of  tumour.  The  breasts  are  en- 
larged and  tense,  and  present  a  large  dark 
areola.  Milk  is  freely  secreted.  The  condition 
of  the  breasts  gives  but  little  indication  as  to 
the  date  of  the  delivery,  except  that,  if  the 
secretion  consists  of  colostrum,  labour  must 
have  occurred  only  one  or  two  days  previously. 

On  examination  of  the  genital  tract,  lochia 


are  found  flowing  from  the  vagina.  If  they  are 
mainly  composed  of  blood,  we  have  probably 
to  do  with  the  first  ten  days  of  the  puerperium  ; 
later,  the  discharge  is  sero-sanguinolent,  and, 
later  still,  serous.  The  vulva  is  fovmd  swollen, 
and  appears  rather  bruised.  Some  laceration 
of  the  fourchette  or  perineum  will  usually  be 
present.  The  vagina  is  lax,  stretched,  and 
may  present  some  lacerations,  whilst  its  lower 
portion  gapes.  The  cervix  is  soft  and  thickened, 
and  for  the  first  day  or  two  after  labour  its 
outlines  may  be  difficult  to  define.  The  lips 
of  the  cervix  present  some  recent  lacerations 
or  fissures,  and  the  canal  is  patulous,  especially 
in  its  lower  portion,  where  for  the  first  few 
days  it  readily  admits  one  or  two  fingers. 
Bimanually,  the  uterus  is  felt  to  be  enlarged 
and  usually  strongly  anteverted.  The  date  of 
delivery  can  be  roughly  estimated  by  the 
height  of  the  fundvis  uteri  above  the  symphysis 
pubis.  If  the  case  be  watched  for  a  week  or 
ten  days,  the  gradual  diminution  in  size  of  the 
uterus  is  quite  characteristic,  as  it  can  be 
simulated  by  no  other  condition. 

II.  The  Management  of  the  Puerperium 

1.  First  Duties. — After  the  expulsion  of  the 
placenta  the  patient  should  be  cleansed  and 
made  comfortable.  The  advisability  of  a  vaginal 
douche  as  a  matter  of  routine  is  the  subject  of 
some  difference  of  opinion.  In  hospital  practice 
we  think  that  the  douche  should  always  be 
given,  whilst  in  private  practice  it  is  sometimes 
better  that  it  should  be  omitted.  The  indica- 
tions for  the  employment  or  withholding  of  the 
douche  may  be  broadly  formulated  as  follows  : — 

The  douche  is  indicated  (a)  in  all  cases  of 
operative  delivery,  such  as  forceps,  turning  (by 
internal  manipulations),  and  craniotomy ;  (b) 
in  other  cases  where  the  hand  has  been  intro- 
duced, as  for  the  replacement  of  the  funis, 
the  bringing  down  of  the  arms  in  extension 
above  the  after-coming  head,  or  the  extraction 
of  placenta  or  membranes ;  (c)  in  tedious  or 
difficult  labours,  involving  injury  to  cervix, 
vagina,  or  perineum  ;  (d)  when  the  foetus  is 
decomposed  ;  (e)  when  purulent  or  muco-puru- 
lent  discharges  were  present  before  labour ; 
(/)  when  there  is  a  tendency  to  post-partum 
haemorrhage. 

The  douche  may  be  withheld  (a)  when  labour 
has  throughout  been  spontaneous,  and  no  vaginal 
examination  has  been  made ;  (b)  when  a  few 
examinations  have  been  made  in  a  normal  case, 
and  the  uterus  contracts  well. 

An  intra-uterine  douche  should  be  given  only 
when  there  has  been  intra-uterine  manipulation, 
or  when  the  uterus  does  not  contract  well. 

After  the  cleansing  a  binder  should  be  applied. 
It  should  consist  of  a  material  sufficiently  soft 
to  allow  of  its  fitting  closely  ;  below,  it  should 
reach  four  inches  below  the  trochanters,  and 
above  it  should  just  come  up  to  the  front  of  the 
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costal  margin.  The  binder  is  supposed  to 
fulfil  three  objects  :  iirst,  to  give  the  patient  a 
sense  of  comfort ;  second,  to  counteract  the 
diminished  intra-abdominal  pressure  ;  third,  to 
restore  the  patient's  "figure."  From  measure- 
ments carried  out  on  three  series  of  patients, 
the  first  with  the  binder  applied  in  the  ordinary 
way,  the  second  without  binder,  and  the  third 
with  a  binder  applied  and  kept  specially  firm, 
Herman  came  to  the  conclusion  that,  considered 
as  a  means  of  keeping  the  waist  small,  a  binder 
of  the  ordinary  kind  has  not  the  slightest  effect. 
Nor  has  a  binder  any  effect  in  causing  or  main- 
taining uterine  contraction.  In  the  discussion 
on  Herman's  paper  at  the  London  Obstetrical 
Society,  Champneys  expressed  the  view  that 
the  absence  of  a  binder  favoured  the  production 
of  the  condition  of  pendulous  belly,  and  that 
the  use  of  a  binder  was  to  keep  the  abdominal 
walls  in  a  favourable  condition  and  position 
during  the  involution  which  they,  in  common 
with  other  structures  hypertrophied  during 
pregnancy,  should  undergo  during  the  lying-in 
period. 

When  the  patient  has  been  made  comfortable, 
the  bed  should  be  made,  a  draw-sheet  being- 
placed  under  her.  The  room  should  be  darkened 
and  left  with  a  window  open,  and  the  patient 
should  be  encouraged  to  sleep.  The  accoucheur 
should  not  leave  the  house  till  the  pulse  has 
become  lower  than  100,  this  being  a  sign  that 
there  is  no  special  tendency  to  hfemorrhage. 
After  a  few  hours  the  baby,  which  has  mean- 
while been  washed  and  dressed,  may  be  put  to 
the  breast  for  a  few  minutes.  The  nurse  should 
be  instructed  to  keep  a  careful  watch  for  any 
symptoms  of  htemorrhage,  by  looking  at  tiie 
pads  and  by  feeling  the  abdomen  from  time  to 
time,  to  ascertain  that  the  uterus  is  contracted 
or  retracted.  At  the  first  subsequent  visit  the 
obstetrician  should,  as  a  matter  of  routine, 
inquire  about  after-pains  and  the  emptying  of 
the  bladder  ;  the  pulse  and  temperature  should 
be  noted,  as  well  as  the  patient's  general  condi- 
tion ;  he  should  see  the  pads  and  make  special 
inquiries  as  to  the  passing  of  clots  ;  and  lastly, 
he  should  examine  the  abdomen,  to  ascertain 
the  condition  of  the  uterus  and  of  the  bladder. 
The  latter  will  sometimes  be  found  distended, 
even  when  the  patient  is  alleged  to  have  passed 
water. 

After-pains  are  due  to  painful  uterine  con- 
tractions, and  are  usually  most  pronounced  when 
the  uterus  has  not  become  exhausted  by  a 
difficult  or  tedious  labour ;  they  are,  therefore, 
more  common  in  multiparfe  than  in  primiparte. 
They  also  become  more  severe  when  clots  re- 
quire to  be  expelled  ;  and  they  may  be  induced 
reflexly  by  the  application  of  the  child  to  the 
breast,  or  directly  by  the  application  of  the 
hand  to  the  abdomen.  When  they  occur  in 
moderation  they  are  rather  a  welcome  sign  than 
otherwise.    But  if  they  become  excessive  they 


are  bad,  both  because  they  are  disturbing  to 
the  patient,  and  also  because  they  may  then  be 
due  to  some  irritation  of  the  uterus,  or  to  a 
pathological  condition  within  its  cavity.  When, 
therefore,  after-pains  are  moderate,  they  require 
no  treatment ;  but  when  they  are  severe  they 
must  be  relieved,  and  they  may  also  constitute 
an  indication  for  intra-uterine  interference.  The 
latter  is  specially  indicated  if  the  uterus  is 
found  to  be  bulky,  or  lying  too  high  in  the 
abdomen.  For  the  relief  of  after-pains,  in  most 
cases,  nothing  is  so  effectual  as  phenacetin  :  it 
may  be  given  in  a  dose  of  10  to  15  grains,  re- 
peated, if  necessary,  in  one  or  two  hours.  In 
severer  cases,  chloral  may  be  administered  in 
doses  of  20  to  30  grains.  Opium  and  morphia 
should  only  be  given  as  a  last  resource. 

During  the  whole  of  the  puerperium,  the 
pulse  and  temperature  should  be  regularly 
recorded  ;  and  it  is  a  great  advantage  for  the 
daily  height  of  the  fundus  to  be  recorded  at  the 
same  time,  in  the  manner  suggested  by  Stevens 
and  Griffith.  The  chart  will  then  constitute  a 
record  of  progress  which  will  be  of  special  value, 
since  any  unfavourable  indications  can  be  de- 
tected at  a  glance. 

2.  Cleanliness  is  perhaps  the  most  important 
individual  factor  in  securing  a  favourable  con- 
valescence. The  patient's  body-linen  and  bed- 
linen  should  be  kept  scrupulously  clean,  and 
changed  as  often  as  necessary.  The  external 
genitals  should  be  washed  several  times  a  day 
for  the  first  few  days,  and  the  vulvar  pads 
should  be  renewed  every  time.  In  normal 
cases  daily  douching  is  not  necessary ;  it  is 
quite  sufficient  that  the  outside  parts  be  washed 
and  carefully  dried.  Any  offensiveness  in  the 
discharges  should,  however,  be  the  signal  for  a 
vaginal  douche ;  for  this  purpose,  biniodide  of 
mercury  (1  in  3000),  iodine  (1  drachm  of  the 
tincture  or  liniment  to  the  pint),  sanitas  (1  part 
to  5  of  water),  or  chinosol  (1  in  3000)  may  be 
used.  An  intra-uterine  douche  should  not  be 
given  except  by  the  medical  attendant.  The 
patient  should  be  sponged  daily  with  tepid 
water,  from  head  to  foot,  and  carefully  dried ; 
only  a  small  part  of  the  patient's  body  should 
be  exposed  at  a  time.  The  breasts  require 
special  attention,  so  that  they  may  be  kept 
clean,  and  free  from  milk  becoming  sour. 

3.  Diet. — Formerly  a  low  diet  was  considered 
the  proper  one  for  the  lying-in  woman.  So  long 
ago  as  1864,  Graily  Hewitt  uttered  a  protest 
against  this  practice,  urging  that  the  diet  should 
be  a  generous  one,  both  because  the  patient's 
strength  required  building  up,  and  because  she 
had  to  nourish  the  baby  as  well  as  herself.  At 
the  present  time  a  rational  treatment  more 
largely  prevails.  For  the  first  twenty-four  hours 
the  diet  should  consist  of  liquids,  but  it  should 
be  nourishing,  and  the  "  tea  and  toast "  tenets 
should  be  relegated  to  the  same  limbo  of  defunct 
prescriptions  as  the  "starve  a  fever"  principle. 
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In  a  normal  case,  if  the  patient  is  hungry  at 
the  conclusion  of  labour,  she  may  have  warm 
milk,  soup,  gruel,  or  cocoa.  In  other  cases, 
she  is  better  left  undisturbed  in  every  way  till 
after  her  sleep,  when  the  same  kind  of  nourish- 
ment should  be  given.  On  the  second  day  she 
may  take  such  things  as  custards,  soft-boiled 
eggs,  corn-flour,  milk-porridge,  etc.  From  the 
third  day  onwards  a  light  ordinary  diet  is  indi- 
cated, including  white  fish,  chicken,  lamb  or 
mutton,  merging  into  the  diet  of  daily  life. 
For  particular  cases,  certain  modifications  are 
necessary.  Thus,  after  prolonged  anaesthesia, 
no  nourishment  should  be  given  till  its  effects 
have  passed  off ;  in  fact  the  case  must  be  treated 
as  a  post-operative  one.  If  febrile  symptoms 
develop,  a  liquid  diet  will  have  to  be  maintained 
for  a  longer  time.  If  the  patient  does  not 
nurse  the  baby,  the  diet  will  not  require  to  be 
so  full  as  when  nursing.  Stimulants  are  best 
avoided  in  ordinary  cases.  The  popular  super- 
stition that  stout  has  specific  virtues  in  the 
formation  of  milk  must  go  the  way  of  all  super- 
stitions ;  the  best  drink  for  the  lying-in  woman 
to  take  with  her  meals  is  good  milk. 

4.  Regulation  of  the  Bladder  and  Bowels. — As 
has  been  already  mentioned,  there  is  a  consider- 
able tendency  to  retention  of  urine  after  labour. 
This  may  act  injuriously  on  the  bladder  itself, 
and  favours  post-partum  haemorrhage  by  the 
tendency  to  uterine  relaxation  which  it  induces. 
The  patient  should  therefore  be  encouraged  to 
empty  the  bladder  within  eight  or  ten  hours 
after  delivery  ;  and  even  if  she  micturates  spon- 
taneovisly,  the  doctor  or  nurse  should  ascertain, 
by  abdominal  palpation,  that  the  bladder  is 
really  emptied.  There  is  some  divergence  of 
opinion  as  to  the  advisability  of  using  the 
catheter  when  the  patient  cannot  pass  water 
alone.  Varnier  considers  that  it  does  no  harm 
for  the  patient  to  go  for  twenty-four  hours,  and 
that  the  risk  of  cystitis  precludes  the  use  of 
the  catheter  in  all  but  exceptional  cases.  The 
opposite  view,  which  I  emphatically  endorse,  is 
that  at  the  end  of  twelve  hours,  if  fomentations 
or  change  of  position  have  a  negative  result, 
the  catheter  should  be  passed.  If  a  glass  cath- 
eter be  used,  it  can  be  boiled  every  time  after 
use  and  kept  perfectly  clean,  and  there  is  then 
no  risk  at  all  of  cystitis.  When  the  perineum 
has  been  torn  and  sutured,  it  is  better  to  pass 
the  catheter  from  the  first,  and  to  continue  its 
use  for  thirty-six  hours,  to  avoid  contamination 
of  the  wound.  It  is  of  the  greatest  possible 
importance  that  when  the  catheter  is  used,  the 
vulva  should  be  carefully  cleansed  with  warm 
water  before  the  introduction  of  the  instrument, 
and  that  the  catheter  should  be  introduced  in 
full  view,  without  fumbling.  It  is  courting 
disaster  to  employ  the  old  plan  of  feeling  under 
the  clothes,  sweeping  the  finger  over  anus  and 
vagina  to  the  urethral  orifice,  and  then  passing 
the  catheter  along  a  contaminated  finger ;  and 


the  inconsistency  of  passing  a  carefully  sterilised 
catheter  into  a  urethra  whose  orifice  lies  amid 
unhealthy  discharges  is  an  absurdity  that  needs 
no  demonstration. 

Evacuation  of  the  Boivels. — If  the  bowels  have 
been  carefully  regulated  during  the  latter  part 
of  pregnancy,  and  the  rectum  emptied  by  an 
enema  during  the  first  stage  of  labour,  the 
obstetric  field  will  be  clean  during  delivery,  and 
the  daily  action  of  the  bowels  will  probably 
continue  with  very  little  interruption  during 
the  puerperium,  especially  if  a  proper  diet  has 
been  given  from  the  first. 

The  old  plan  of  leaving  the  bowels  locked  up 
till  the  third  or  fourth  day  is  becoming  super- 
seded by  the  practice  of  securing  an  evacuation 
within  the  first  thirty-six  hours,  if  there  is  not 
a  spontaneous  action.  Castor-oil  is  one  of  the 
most  effective  aperients ;  but  besides  its  nause- 
ous taste,  it  sometimes  causes  griping  ;  and  in 
general  the  patient  may  be  given  the  aperient 
to  which  she  is  most  accustomed ;  or  a  saline 
laxative  such  as  citrate  of  magnesia  may  be 
administered,  followed,  if  necessary,  by  a  simple 
enema,  or  a  glycerine  injection  or  suppository. 
Thereafter  a  daily  evacuation  should  be  se- 
cured. 

5.  Nursing  and  the  Care  of  the  Breasts.  — 
Every  healthy  woman  should  nurse  her  own 
baby,  unless  important  reasons  forbid  it,  both 
in  her  own  interests  and  in  those  of  the  child  ; 
for  lactation  favours  a  healthy  involution,  and 
the  child  has  always  the  best  chance  of  thriving 
when  brought  up  at  the  breast.  Nursing  is 
contra-indicated  when  the  mother  is  the  subject 
of  chronic  exhausting  disease,  especially  tuber- 
culosis ;  in  the  majority  of  acute  diseases  ;  when 
syphilis  has  been  acquired  late  in  pregnancy; 
when  the  supply  of  milk  is  insufficient ;  when 
the  breasts  are  inflamed ;  in  many  cases  when 
the  nipples  are  under-developed,  inverted,  de- 
pressed, persistently  sensitive  or  sore.  In  some 
cases  of  the  latter  class  the  use  of  a  nipple 
shield  will  allow  the  continuance  of  the  function 
with  comfort  to  the  mother  and  with  advantage 
to  the  child. 

The  baby  should  be  first  put  to  the  breast 
six  to  eight  hours  after  labour,  and  then  every 
four  hours  during  the  first  few  days.  Regularity 
should  be  practised  from  the  beginning ,  it  is 
harmful  to  put  the  child  to  the  breast  every 
time  it  cries.  Both  breasts  should  be  equally 
used.  Sometimes,  when  the  supply  of  milk  is 
rather  short,  it  is  a  good  plan,  when  the  baby 
is  put  to  one  breast,  to  place  a  receiver  to  the 
other  ;  for  the  stimulation  of  one  nipple  usually 
causes  reflexly  a  flow  from  both  breasts  at  once, 
and  the  milk  so  collected  can  be  kept  warm  and 
used  to  supplement  what  the  child  obtains  by 
suckling.  If,  on  the  other  hand,  the  breasts  tend 
to  become  over-distended,  some  milk  should  be 
drawn  off  with  the  breast-pump  ;  for  when  much 
distended,  the  nipple  is  relatively  shortened ; 
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the  child  cannot  get  hold  of  it  properly,  and 
presses  its  nose  against  the  breast,  blocking  the 
nostrils ;  it  then  has  to  let  go  the  nipple  in 
order  to  breathe.  The  frequent  grasping  and 
letting  go  discourages  the  child,  produces  sore- 
ness of  the  nipples,  and  leaves  the  breast  in- 
sufficiently emptied.  {See  also  "AiTections  of 
Breast  and  Nipples,"  p.  369.) 

6.  Examination  of  the  Pelvic  Organs. — -Inas- 
much as  many  of  the  diseases  of  women  are  due 
to  overlooked  accidents  occurring  at  the  time  of 
labour,  and  to  unfavourable  circumstances  dur- 
ing the  lying-in  period,  including  too  early  a 
return  to  daily  duties,  it  is  important  that  an 
examination  of  the  pelvic  organs  should  be  made 
before  the  patient  is  allowed  to  leave  her  bed. 
By  the  tenth  or  twelfth  day  in  normal  cases  the 
vaginal  outlet  has  nearly  regained  its  noinnal 
dimensions,  and  there  is  no  appreciable  de- 
ficiency of  the  perineum.  The  lochia  have 
practically  ceased,  although  there  may  be  a 
little  return  when  the  patient  begins  to  sit  up. 
The  cervix  is  firm,  its  canal  is  contracted,  and 
there  are  no  deep  lacerations.  The  uterus  is 
movable,  lies  in  a  normal  position,  or  is  slightly 
"  squatting "  back,  and  is  only  a  little  above 
normal  size,  the  sound  entering  for  about  3 
inches.  The  region  of  the  broad  ligaments  is 
free  of  any  effusion,  and  the  ovaries  and  tubes 
can  be  felt,  normal  in  size  and  position. 

7.  Getting  up  and  going  out. — It  is  advisable, 
in  a  normal  case,  that  the  patient  should  be 
allowed  to  occasionally  sit  propped  up  in  bed  at 
a  fairly  early  stage  of  the  puerperium,  namely, 
from  the  fourth  or  fifth  day ;  thus  she  may  be 
allowed  to  sit  up  a  little  for  her  meals.  The 
change  of  posture  favours  uterine  and  vaginal 
drainage.  If  an  examination  shows  that  the 
pelvic  organs  are  in  the  healthy  condition  de- 
scribed in  the  previous  paragraph,  the  patient 
may  be  transferred  to  a  couch  as  early  as  the 
tenth  day ;  it  is,  however,  an  advantage  for  her 
to  remain  in  bed  for  a  full  fortnight.  Getting 
up  must  be  postponed  when  the  involution  of 
the  uterus  is  not  satisfactory,  when  the  lochia 
remain  abundant,  or  when  a  torn  perineum  has 
failed  to  heal  properly  ;  whilst  any  effusion  in 
the  cellular  tissue  by  the  sides  or  in  front  of 
the  uterus  will  necessitate  a  delay  of  some  weeks. 
Undue  laxity  of  the  abdominal  walls  requires 
treatment  at  this  early  stage.  Whatever  the 
effect  of  the  binder,  a  pendulovis  belly  or  a 
condition  of  wide  separation  of  the  recti  is  due 
to  enfeebled  abdominal  muscles ;  and  nothing 
has  such  a  good  effect,  both  immediate  and 
remote,  on  these  conditions  as  the  proper  exer- 
cise of  the  muscles.  After  the  first  ten  days 
the  patient  should  be  instructed  to  practise 
lying  flat  on  her  back,  and  raising  herself  into 
a  sitting  posture  without  using  her  hands  and 
arms.  This  should  be  done  for  five  or  ten 
minutes  at  a  time  twice  a  day. 

Once  the  patient  has  begun  to  get  up,  a 


return  to  the  ordinary  mode  of  life  should  be 
effected  in  easy  stages.  After  a  couple  of  days 
on  a  couch,  she  may  sit  up  in  an  easy-chair,  and 
begin  to  walk  a  little.  A  few  days  more,  and 
she  may  go  into  another  room,  downstairs  if 
necessary.  Then  a  fine  morning  or  afternoon  is 
made  the  opportunity  for  a  drive ;  and  lastly, 
she  may  walk  out  at  the  end  of  the  third  week 
or  the  beginning  of  the  fourth.  In  hospital 
practice  patients  often  get  up  on  the  ninth  day, 
and  go  home  on  the  thirteenth  or  fourteenth ; 
but  this  is  usually  a  matter  of  necessity  rather 
than  of  expediency ;  and  when  circumstances 
allow  of  it,  a  patient  should  be  directed  to  lead 
the  quiet  life  of  a  semi-invalid  for  six  weeks 
after  delivery,  that  is,  till  involution  is  anatomi- 
cally complete. 
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Definition.  —  A  wound  infection  due  to  the 
action  of  micro-organisms,  and  originating  in 
the  generative  organs  of  parturient  women.  It 
is  not  exactly  synonymous  with  the  terms  puer- 
peral septicsemia  or  puerperal  fever,  because  it 
includes  not  only  systemic  infections,  but  also 
local  inflammations. 

Etiology. — In  considering  the  causation  of 
this  condition  we  may  regard  it  from  three 
aspects : — (1)  The  micro-organisms  which  pro- 
duce it,  or  the  seeds  of  the  disease ;  (2)  the 
tissues  involved,  or  the  ground  upon  which  the 
seeds  are  sown  ;  (3)  the  ways  in  which  the  in- 
fective matter  is  brought  to  the  patients,  or  the 
sowers  of  the  seed. 

The  first  of  these  has  been  fully  dealt  with 
under  Micro-Organisms  (vol.  vi.  p.  388),  and  it 
need  here  only  be  stated  that  in  by  far  the 
greater  number  of  cases  streptococci  are  the 
cause  both  of  the  local  affections  and  the  general 
systemic  disturbances  ;  out  of  91  cases  examined 
by  Czerniewski,  Widal,  and  Bumm,  they  were 
present  in  85,  or  94  per  cent.  The  importance 
of  other  germs,  either  alone  or  in  combination, 
in  the  production  of  puerperal  infection  has  not 
been  certainly  determined,  but  there  is  little 
room  to  doubt  that  such  infections  have  been 
due,  in  a  certain  number  of  cases,  to  colon  bacilli, 
gonococci,  bacillus  pyocyaneus,  bacillus  foetid  us, 
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the  pneumococcus,  diphtheria  bacillus,  and 
putrefactive  saprophytes. 

As  regards  the  second,  or  the  ground  upon 
which  the  seed  is  sown,  the  condition  of  a  preg- 
nant or  parturient  woman  is  in  many  ways  more 
favourable  to  the  development  of  micro-organisms 
than  at  other  times.  She  is  in  a  state  of  plethora, 
hydrsemia,  hyperinosis,  and  leucocythemia.  The 
total  quantity  of  blood  is  increased,  it  is  more 
watery,  and  contains  more  fibrin  and  a  larger 
proportion  of  white  cells,  and  is  loaded  with 
effete  matter  derived  from  the  foetus  and  the 
genital  organs  during  their  involution.  The 
blood-vessels  and  lymphatics,  especially  in  the 
genital  organs  and  their  immediate  neighbour- 
hood, are  dilated  and  hypertrophied,  and  the 
nervous  system  is  in  a  peculiarly  irritable  con- 
dition. The  skin  about  the  vulva  is  always  in- 
fected with  micro-organisms,  often  of  a  malignant 
kind,  and  the  vagina  also  frequently  swarms 
with  microbes,  some  of  which  are  indistinguish- 
able microscopically  from  the  most  dangerous  of 
their  kind.  The  vaginal  flora  has  attracted 
considerable  attention.  Doderlein,  for  example, 
published  the  results  of  his  investigations  in 
1892,  from  which  he  concluded  that  vaginal 
discharges  might  be  classified  as  normal  and 
pathological.  The  normal  were  met  with  in 
something  over  half  the  cases  examined,  and 
were  characterised  by  a  consistence  of  clotted 
cream,  intensely  acid  reaction,  and  by  containing 
a  pure  culture  of  an  organism  which  he  called 
the  vaginal  bacillus,  and  to  which  he  attributed 
the  production  of  the  lactic  acid  to  which  the 
reaction  was  due.  The  pathological  discharge 
was  of  thinner  consistence,  often  puriform  in 
appearance,  sometimes  containing  bubbles  of 
gas  feebly  acid,  neutral,  or  even  alkaline  in  re- 
action, and  swarming  with  micro-organisms, 
some  of  which  were  dangerous.  The  normal 
discharges  he  discovered  by  experiment  to  be  not 
only  innocuous,  but  even  antiseptic,  and  capable 
of  destroying  staphylococci  and  other  germs 
introduced  into  the  vagina.  Kroenig,  who  re- 
peated Doderlein's  experiments,  agreed  with  him 
as  to  the  antiseptic  properties  of  the  normal 
discharge,  but  denied  that  it  was  due  to  the 
vaginal  bacillus,  and  found  that  the  so-called 
pathological  discharges,  which  did  not  contain 
this  organism,  also  possessed  similar  bactericidal 
properties.  Menge  attributed  the  germicidal 
powers  of  the  vagina  to:  (1)  the  antagonism  of 
the  normal  microbic  flora  to  pathogenic  organ- 
isms;  (2)  the  products  of  the  life  process  of 
vaginal  bacilli ;  (3)  the  acidity  of  the  discharge  ; 
(4)  the  germicidal  powers  of  the  anatomical  ele- 
ments of  the  vagina;  (5)  phagocytosis;  and  (6) 
the  absence  of  free  oxygen.  Walthard  found 
that  the  vagina  often  contained  pathogenic 
microbes,  but  they  were  not  virulent,  and  be- 
haved as  saprophytes,  producing  no  results  when 
inoculated  upon  healthy  tissues,  but  becoming 
virulent  when  in  contact  with  dead  tissues  or 


those  whose  vitality  and  powers  of  resistance 
had  been  reduced.  From  all  these  investigations 
we  may  conclude  that  the  vagina  contains  germs 
which  are  harmless  under  normal  conditions,  but 
which  may  sometimes  become  dangerous  in  the 
presence  of  dead  matter  or  tissue  whose  vitality 
has  been  reduced  by  crushing  and  bruising  in 
prolonged  and  difficult  labours,  and  may  also  be 
productive  of  harm  if  carried  upwards  into  the 
uterus.  The  cavity  of  this  organ  and  the  tubes 
are  usually  aseptic,  and  the  former  is  protected 
from  invasion  by  the  cervical  operculum.  This 
plug  of  mucus,  though  not  in  itself  germicidal, 
furnishes  no  nutriment  for  micro-organisms,  yet 
its  lower  part  is  often  found  to  contain  vaginal 
bacteria  and  leucocytes.  The  middle  portion 
contains  leucocytes  only,  and  the  upper  neither 
leucocytes  nor  bacteria.  It  may  therefore  be 
described  as  consisting  of  septic,  antiseptic,  and 
aseptic  zones.  We  see  then  that  although  the 
system  of  a  pregnant  woman  is  peculiarly  favour- 
able to  the  growth  of  septic  organisms,  yet 
nature  has  provided  sufficient  protection  against 
their  invasion  under  ordinary  circumstances. 
During  labour  also  nature  is  fully  competent  to 
avert  evil ;  and  the  washing  out  of  the  vagina 
by  the  liquor  amnii,  and  its  further  cleansing  by 
the  descent  of  the  foetus  and  its  afterbirth,  tend 
in  the  same  direction,  whereas  vaginal  examina- 
tions, the  introduction  of  instruments,  and 
douches  counteract  these  safeguai'ds,  and  are 
liable  to  carry  septic  matter  upwards.  In  con- 
cluding our  remarks  upon  the  seat  of  infection, 
we  must  not  forget  that  open  woiuids  or  un- 
protected surfaces  are  always  present  in  women 
who  have  recently  been  delivered  ;  for  not  only 
are  the  vagina  and  the  cervix  frequently  torn 
or  abraded,  but  the  interior  of  the  uterus,  from 
which  the  decidua  has  been  separated,  and 
especially  the  placental  site,  must  be  regarded 
as  a  wounded  surface. 

Thirdly,  as  regards  the  modes  of  infection. 
The  micro-organisms  which  we  have  seen  are 
often  present  in  the  vagina  before  delivery  are 
a  possible  source  of  mischief,  but  whether  they 
are  ever  the  cause  of  puerperal  infection  has 
not  yet  been  decided.  Semmelweis  taught  that 
fever  could  originate  in  this  way,  and  described 
it  as  auto-infection,  and  Ahlfeld  thoroughly 
supports  this  view ;  but  others,  considering 
how  infrequently  women  who  are  delivered 
without  assistance  are  attacked  by  serious  ill- 
ness, deny  the  possibility  of  auto-infection.  But 
I  think  the  majority  of  those  who  have  carefully 
weighed  the  evidence  on  both  sides  consider 
that  such  a  mode  of  infection  is  certainly 
possible,  though  exceedingly  rare,  and  that  it 
might  be  due  not  only  to  the  vaginal  micro- 
organisms, but  to  those  also  which  are  occasion- 
ally present  both  in  the  uterus  and  the  tubes. 

In  the  vast  majority  of  cases  the  infective 
material  has  been  conveyed  to  the  patient  on 
the  hands  of  her  attendants,  or  on  their  instru- 
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ments  and  clothing,  or  on  materials  used  for 
cleansing  purposes.  The  medical  attendant 
may  have  been  contaminated  by  suppurating  or 
sloughing  wounds,  erysipelas,  diphtheria,  or 
dead  and  putrid  matter,  and  the  nurse  may 
have  handled  septic  or  putrid  discharges.  Such 
hands  would  be  peculiarly  liable  to  propagate 
disease ;  but  it  must  not  be  forgotten  that 
dangerous  material  is  everywhere,  and  that 
under  all  circumstances  our  hands  are  impreg- 
nated with  germs,  often  of  a  most  virulent 
nature.  At  one  time  the  air  was  supposed  to 
be  the  chief  source  of  infection,  but  the  results 
of  antiseptic  midwifery  showed  that  this  was 
not  the  case,  and  it  then  came  to  be  regarded 
as  of  little  importance.  But  this  is  equally 
erroneous,  and  there  can  be  no  doubt  that  many 
cases  of  putrefaction,  if  not  of  actual  septi- 
csemia,  have  been  due  to  air  vitiated  by  decom- 
posing matter,  and  we  cannot  safely  ignore  the 
importance  of  a  pure  atmosphere  in  a  lying-in 
chamber. 

Clinical  Features 

When  infectious  material  has  been  introduced 
into  the  genital  canal  its  further  history  depends 
upon  whether  the  micro-organisms  are  able  to 
penetrate  the  tissues  or  not.  In  the  former 
case  they  are  generally  carried  by  the  lym- 
phatics and  blood-vessels  to  distant  parts — 
SEPTIC  INFECTION ;  whereas  in  the  latter  they 
remain  upon  the  surface,  causing  putrefaction, 
and  the  toxins  thus  formed  cause  putrid  intoxi- 
cation or  sapryEMIa. 

We  may  conveniently  classify  puerperal  in- 
fections as  follows  : — 

1.  Vulvitis  a7id  Vaginitis. 

2.  Endometritis. 

3.  Paiumetritis  and  Perimetritis. 

4.  Septicaemia. 

5.  Pycemia. 

6.  Endocarditis. 

7.  Phlegmasia  alha  dolens. 

This  classification  is  artificial,  and  in  practice 
the  various  conditions  occur  in  every  possible 
variety  of  combinations,  yet  for  descriptive 
purposes,  and  with  regard  to  prognosis  and 
treatment,  it  will  be  found  useful. 

Vulvitis,  Vaginitis,  and  Endometritis  may 
remain  as  purely  local  conditions,  or  they  may 
be  the  first  steps  in  a  systemic  infection.  The 
chief  points  to  be  observed  in  determining  this 
vital  question  are,  the  aspect  of  the  patient ; 
her  subjective  condition  ;  whether  she  can  or 
cannot  sleep  ;  and  the  rate  and  condition  of  her 
pulse.  In  general  terms,  it  may  be  said  that  if 
a  patient  looks  and  feels  well  she  has  not 
septiceemia. 

The  wounds  in  the  vagina  and  about  the 
vulva  are  peculiarly  liable  to  infection,  and 
readily  assume  the  condition  known  as  puer- 
peral ulcers.  These  are  attended  by  little  or 
no  fever,  and  the  patient  seldom  complains ; 


but  ischuria  or  smarting  when  passing  water  is 
sometimes  present.  On  inspection  one  labium 
is  generally  swollen,  and  upon  examining  its 
inner  surface  the  ulcer  is  observed ;  its  base 
covered  with  a  white  or  greyish  yellow  slough, 
its  margins  red  and  swollen,  and  the  discharge 
thin  and  irritating,  causing  excoriation  of  the 
surface  over  which  it  flows. 

Endometritis  may  be  either  putrid  or  septic. 
In  the  putrid  form  the  process  may  be  general, 
or  limited  to  certain  areas,  especially  the 
placental  site.  The  uterine  wall  rapidly  pro- 
liferates a  barrier  of  granulation  tissue,  which 
protects  the  deeper  structures  from  invasion, 
and  secures  the  separation  of  the  diseased 
tissue.  In  septic  infection  this  barrier  is  im- 
perfect, or  absent,  and  the  micro-organisms  in- 
vade the  muscular  tissue,  the  uterine  wall 
becoming  soft  and  swollen,  and  the  disease 
spreads  along  the  lymphatics  to  the  cellular 
tissue  and  peritoneum. 

Putrid  endometritis  is  recognised  by  the 
character  of  the  lochia,  which  may  at  first  be 
scanty,  but  soon  become  profuse  and  offensive. 
The  uterus  feels  large,  and  may  be  tender,  and 
the  after-pains  are  often  abnormally  acute. 
The  attendant  fever  is  seldom  severe,  the 
temperature  seldom  exceeding  102°  F.,  or  the 
pulse  110  beats  per  minute.  The  patient  does 
not  look  dangerously  ill,  and  her  sleep  is  un- 
disturbed. 

Parametritis  and  Perimetritis. — These  con- 
ditions are  usually  ushered  in  by  a  rigor,  or 
at  least  a  sense  of  chilliness,  on  the  second  or 
third  day  after  labour.  In  parametritis  the 
temperature  rises  rapidly  ;  in  perimetritis  more 
gradually,  and  the  pulse  follows  the  rise  of 
temperature,  the  after-pains  are  exquisitely 
painful,  and  the  uterus  becomes  tender ;  at 
first  to  one  side,  but  subsequently  the  tender- 
ness extends  over  the  entire  hypogastrium. 
The  duration  of  the  fever  varies  from  days  to 
weeks,  but  from  eight  to  ten  days  is  about  the 
average. 

Peritonitis  and  cellulitis  are  usually  met 
with  in  combination,  but  it  is  of  importance  to 
determine  which  tissue  is  the  more  involved  in 
a  given  case,  and  still  more  so  to  determine 
whether  the  condition  is  a  local  one  or  part 
of  a  systemic  infection. 

In  pelvic  cellulitis  the  temperature  rises 
rapidly,  often  to  104°  F.  ;  the  pulse,  following 
more  slowly,  reaches  100  or  110  beats  on  the 
following  day ;  the  constitutional  disturbance 
is  slight.  On  bimanual  examination  a  swelling 
is  felt  to  one  side  of  the  uterus,  at  first  diffuse, 
but  becoming  harder  and  more  defined ;  the 
uterus  is  pushed  towards  the  opposite  side  of 
the  pelvis,  and  as  the  swelling  advances  it 
involves  and  fixes  the  cervix ;  it  extends  out- 
ward to  the  pelvic  walls  and  iliac  fossfe,  or 
backward  along  the  folds  of  Douglas.  Some- 
times it  extends  along  the  anterior  aspect  of 
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the  broad  ligament,  to  Poupart's  ligament,  and 
down  the  thigh  along  the  femoral  vessels.  A 
localised  parametritis  usually  ends  in  resolution, 
but  suppuration  may  occur  with  hectic  fever. 
In  pelvic  peritonitis  the  pain  is  much  more 
acute  and  the  constitutional  disturbance  greater. 
The  temperature  rises  gradually,  and  seldom 
exceeds  102°  F. ;  the  pulse,  on  the  other  hand, 
rises  I'apidly,  often  reaching  120  or  more  beats 
per  minute.  The  effusion  is  less  distinct,  and 
is  usually  found  behind  or  in  front  of  the 
uterus.  When  Douglas's  pouch  is  distended 
the  vagina  is  pushed  down  before  it,  forming 
a  well-defined  dome,  over  which  the  mucous 
membrane  can  be  easily  moved  by  the  finger ; 
whereas  in  cellulitis  this  membrane  is  im- 
movably fixed ;  the  swelling  may  extend 
upwards  to,  or  above,  the  fundus,  and  pushes 
the  rectum  to  one  side.  In  cellulitis,  on  the 
other  hand,  if  posterior  to  the  uterus,  the 
swelling  never  extends  above  the  line  of  firm 
peritoneal  attachment ;  and  sometimes  com- 
pletely surrounds  the  rectum. 

It  is  of  the  utmost  importance  to  decide 
whether  these  conditions  are  merely  local 
inflammations  or  part  of  a  general  systemic 
poisoning.  There  is  seldom  any  difficulty  in 
deciding  this  question  in  the  case  of  cellulitis, 
but  it  is  otherwise  in  the  case  of  peritonitis, 
and  the  most  that  we  can  do,  for  some  days  at 
least,  is  to  hope  that  a  localised  peritonitis 
may  remain  so,  and  therefore  the  extension  of 
tenderness  to  the  upper  part  of  the  abdomen 
is  an  ominous  symptom.  On  the  other  hand, 
a  localised  peritonitis  is  generally  more  acutely 
painful,  and  therefore  intense  hypogastric  pain 
is  relatively  a  good  sign  in  these  cases. 

Septicaemia 

A  general  infection  always  commences  in  one 
of  the  local  conditions  already  described,  most 
frequently  as  an  endometritis,  but  the  organ- 
isms invade  the  tissues,  and  are  carried  into 
the  system  by  the  lymphatics  and  blood-vessels, 
generally  by  the  former  alone.  There  is  usually 
an  incubation  period  of  about  thirty-six  hours 
before  the  fever  sets  in  ;  but  since  the  infection 
may  occur  before,  during,  or  after  labour,  the 
time  when  symptoms  occur  is  also  variable, 
but  they  do  so  most  frequently  on  the  third 
day  after  delivery.  The  fever  is  ushered  in 
by  a  rigor  or  sense  of  chill ;  the  temperature 
rises  rapidly  and  remains  high,  with  but  slight 
remissions,  until  shortly  before  death.  The 
pulse  rises  rapidly,  generally  reaching  140 
beats  on  the  second  day,  and  continues  to 
increase  until  it  becomes  uncountable.  The 
patient  looks  and  feels  extremely  ill ;  her 
aspect  is  indeed  almost  pathognomonic  of  the 
disease.  The  face  assumes  a  nervous,  anxious 
expression,  with  pallor  of  the  skin,  which  often 
assumes  an  icteric  hue ;  the  features  become 
pinched,  with  hollow  cheeks  and  sunken  eyes. 


She  is  at  first  fretful  and  inclined  to  tears,  with 
a  dread  of  impending  death  ;  she  cannot  sleep 
day  or  night  in  spite  of  opiates.  The  lochia  are 
scanty  or  suppressed,  and  in  some  cases  putrid  ; 
the  vulvar  and  vaginal  wounds  are  covered 
with  diphtheritic  membranes.  Peritonitis  sets 
in  early  and  soon  becomes  general,  so  that  the 
abdomen  becomes  greatly  distended  and  tender 
to  the  touch.  As  the  disease  advances  a  con- 
dition of  euphorea  sets  in,  and  the  patient  may 
feel  and  say  that  she  is  well,  though  evidently 
most  seriously  ill.  She  often  becomes  drowsy 
or  somnolent  (septic  somnolence),  though  when 
the  disease  involves  the  stomach  she  is  con- 
stantly distressed  by  incessant  vomiting,  which 
continues  without  intermission  to  the  end ;  the 
vomit  at  first  consists  of  the  stomach  contents, 
but  soon  changes  to  green,  brown  (coffee 
ground),  or  black.  The  respiration  becomes 
rapid  and  superficial.  The  surface  is  covered 
with  a  cold  sweat,  and  the  patient  dies  in 
collapse  usually  towards  the  end  of  the  first 
or  the  beginning  of  the  second  week. 

In  the  most  acute  forms  of  septicaemia  the 
symptoms  commence  during  or  soon  after 
labour,  and  death  follows  in  a  few  hours.  So 
rapid  are  some  of  these  cases  that  there  may 
be  no  rise  of  temperature  and  but  few  post- 
mortem appearances. 

Diagnosis  is  seldom  difficult.  The  aspect  of 
the  patient,  sleeplessness,  her  small  and  rapid 
pulse,  and  general  peritonitis  are  sufficiently 
characteristic ;  it  has,  however,  often  been  mis- 
taken for  typhus  or  enteric  fever,  scarlatina, 
diphtheria,  and  aciite  tuberculosis. 

Prognosis  is  generally  bad,  and  the  sooner 
the  symptoms  occur  and  the  more  rapid  the 
extension  of  the  peritonitis  the  worse  it  is. 

Post-mortem  Appearances.  —  The  interior  of 
the  uterus  and  the  vaginal  and  vulvar  wounds 
are  covered  with  sloughs ;  the  uterine  wall  is 
swollen  and  oedematous,  sometimes  gangrenous. 
The  lymphatics  are  plugged  with  thrombi,  and 
on  section  look  greyish-yellow,  resembling 
minute  abscesses.  Cellulitis  is  almost  always 
present,  the  tissue  is  oedematous,  seldom  infil- 
trated with  pus,  and  microscopically  shows  a 
small-celled  infiltration.  This  cellulitis  is  one 
of  the  most  important  lesions  in  the  disease, 
as  peritonitis  is  the  result  of  the  underlying 
cellulitis,  and  the  general  infection  spreads 
along  the  cellular  tissue  with  amazing  rapidity, 
following  the  course  of  the  lymph  current,  first 
along  the  ovarian  and  uterine  vessels  to  the 
iliac  fossse,  upwards  to  the  diaphragm,  and  into 
the  posterior  mediastinum,  causing  pleuritis 
and  endocarditis,  or  downwards  under  Poupart's 
ligament,  giving  rise  to  a  phlegmasia  alba  dolens. 
The  peritoneum  is  of  a  dark  red  colour,  especi- 
ally where  it  covers  the  intestines,  and  its 
cavity  contains  a  thin,  horribly  foetid  or  puru- 
lent fluid.  Most  of  the  important  organs  of  the 
body  are  affected — the  heart,  pleura,  kidneys. 
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spleen,  and  liver.  The  skin  is  often  icteric  or 
covered  with  petechia  or  an  erysipelatous  blush. 

Pyemia 

Metrophlebitis  would  be  a  more  correct  term, 
because  the  inflammation   spreads   from  the 
uterus  to  the  veins,  a  phlebothrombosis  being 
the  essential  characteristic,   the  formation  of 
pus  an  accidental  complication.    The  strepto- 
cocci either  invade  the  thrombi  aliready  existing 
in  the  mouths  of  the  veins,  or  they  first  grow 
along  the  walls  (periphlebitis)  and  then  into 
them,  causing  inflammation  of  the  intima,  and 
thereby  clotting  and  thrombosis.    The  thrombi 
thus  infected  break  down  and  are  carried  as 
minute  septic  emboli  through  the  vena  cava  to 
the  heart  and  pulmonary  system,  causing  infarc- 
tions.   In  pulmonary  abscesses  the  micrococci 
themselves  may  pass  through  the  pulmonary 
capillaries  to  the  left  side  of  the  heart,  and 
from  thence  be  distributed  throughout  the  body, 
causing  abscesses  in  various  parts.    The  process 
of  thrombosis  may  extend  widely,  without  the 
detachment  of  emboli,  involving  the  pelvic,  iliac, 
and  femoral  veins.    Pyaemia  commences  as  a 
rule  much  later  in  childbed  than  septicsemia. 
It  has  been  observed  to  occur  more  frequently 
in  cases  in  which  there  has  been  some  anomaly 
in  the  third  stage,  either  premature  expulsion 
of  the  placenta  by  Grade's  method,  or  its  reten- 
tion and  manual  removal ;  also  after  placenta 
prtevia.    It  is  especially  liable  to  supervene 
upon  a  septic  endometritis  or  sloughing  carci- 
noma.   The  endometritis  may  have  been  over- 
looked, and  the  practitioner  be  assured  that 
the  patient  has  been  quite  well,  until  a  violent 
rigor  at  once  attracts  attention.    The  patient 
looks  very  ill,  with  pinched  features,  chattering 
teeth,  and  shaking  limbs.     The  temperature 
rises  at  once  to  104°-105°  F.  or  more  ;  sweating 
sets  in,    followed   by   rapid  defervescence  to 
normal  or  below  it ;  the  patient  feels  relieved 
and  looks  well,  and  unless  the  condition  is 
complicated   by   septicjemia  (septico-pysBmia) 
there  are  none  of  the  alarming  symptoms  of 
that  condition  present.    The  practitioner  who 
arrives  after  the  alarming  symptoms  have  sub- 
sided should  not  be  betrayed  into  giving  too 
favourable  an  opinion  upon  finding  the  pulse 
and  temperature  normal  and  the  condition  of 
the  patient  good.    A  single  rigor  does  not,  of 
course,  establish  the  diagnosis  of  pytemia,  and 
the  disease,  when  present,  may  end  in  recovery 
after  two   or  three   rigors  and  without  any 
localisation  of   pus ;    but  usually  the  rigors 
return  after  an  interval  varying  from  hours  to 
days,  and  abscesses  appear  in  different  parts  of 
the  body.    They  occur  most  frequently  in  the 
lungs,  attended  by  pleuritic  pains,  with  bloody 
or  purulent   expectoration ;   in    the  kidneys, 
causing   lumbar    pain,    accompanied   by  the 
presence  of  albumin  or  blood  in  the  urine.  The 
spleen  is  generally  enlarged.    An  abscess  may 


form  in  the  liver.  The  hepatitis  may  cause 
jaundice,  but  the  yellow  colour  of  the  skin  so 
frequently  observed  in  these  cases  is  most  com- 
monly due  to  the  breaking  down  of  the  red 
blood  cells.  Not  infrequently  the  joints  are 
aff"ected  and  become  completely  disorganised, 
or  the  sheaths  of  the  tendons,  especially  those 
of  the  forearm,  suppurate.  Subcutaneous  ab- 
scesses occur  much  more  frequently  in  puer- 
peral than  in  surgical  pysemia ;  they  form  most 
often  in  the  gluteal  region,  and  as  they  are 
seldom  associated  with  abscesses  in  the  deeper 
organs  their  occurrence  is  a  favourable  sign. 
The  parotid  gland,  endocardium,  and  eye  are 
less  frequently  attacked. 

Course  and  Duration. — Sometimes  the  disease 
ends  in  recovery  in  a  week  or  two,  in  others 
fatally,  and  the  16th  to  the  22nd  day  after 
delivery  is  the  commonest  term  in  such  cases  ; 
in  others  rigors  continue  for  a  month  or  more, 
but  such  protracted  cases  generally  recover. 

Prognosis  is  always  uncertain ;  about  half 
the  cases  recover.  The  danger  depends  chiefly 
upon  the  importance  of  the  organs  affected,  and 
those  patients  who  are  affected  with  subcu- 
taneous abscesses  recover  as  a  rule. 

Ulcerative  Endocarditis 
is  a  form  of  septicaemia,  but  as  it  is  sometimes  a 
primary  localisation  and  presents  a  peculiar 
train  of  symptoms  it  requires    separate  con- 
sideration.   It  commences  with  fever,  generally 
ushered  in  by  a  rigor ;  the  temperature  rises 
rapidly,  and  reaches  its  maximum  on  the  second 
or  third  day  ;  it  remains  high  throughout,  with 
moderate  remissions,  and  attended  by  repeated 
rigors.    The  pulse  varies  from  140  to  160,  and 
is  weak  and  dicrotous.    The  nervous  symptoms 
are  especially  prominent :  sleeplessness,  head- 
ache, giddiness,  delirium,  apathy,  and  great 
prostration.    There  is  delirium  usually  of  a  low 
muttering  form,  though  occasionally  of  a  wildly 
maniacal  character,  and  the  patient  sinks  into 
stupor  and  coma.    The  neck  is  retracted,  with 
convulsive  twitchings,  strabismus,  grinding  of 
the  teeth,  and  paralysis ;  a  common  symptom  is 
persistent  diarrhoea.    The  ophthalmoscope  re- 
veals retinal  haemorrhages.    Cardiac  murmurs 
are  usually  absent,  but  even  if  detected  do  not 
assist  the  diagnosis,  since  such  murmurs  are 
common  in  lying-in  women ;  it  depends  upon  the 
general  and  especially  upon  the  nervous  symp- 
toms, the  repeated  rigors,  and  the  retinal  haemor- 
rhages.    Ulcerative  endocarditis  differs  from 
ordinary  septicaemia  in  the  absence  of  peri- 
tonitis, the  early  cerebral  symptoms,  and  the 
longer  duration  of  the  disease  ;  from  pyaemia  in 
the  continued  fever  without  intermissions  and 
the  absence  of  local  pus  formations.    It  re- 
sembles enteric  fever  in  the  constant  diarrhoea 
and  splenic  enlargement,  but  differs  from  it  in 
the  course  of  the  fever,  the  character  of  the 
stools,  and  the  negative  result  of  Vidal's  test. 
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Pathological  Anatomy. — The  left  heart  is  most 
affected  ;  there  are  deposits  on  the  mitral  and 
occasionally  upon  the  aortic  valves.  The  myo- 
cardium is  full  of  small  abscesses,  and  the  endo- 
cardium is  infected  with  colonies  of  bacteria ; 
the  endocardium  and  valves  are  frequently 
ulcerated.  A  number  of  minute  abscesses  are 
foimd  in  the  kidneys,  and  there  is  often  sup- 
purative meningitis  and  abscesses  in  the  brain. 

The  Prognosis  is  absolutely  bad. 

Phlegmasia  alba  dolbns  (white  leg,  or  milk 
leg). — There  are  two  distinct  varieties  of  this 
condition.  In  one  a  cellulitis  extends  down 
the  thigh,  in  the  other  there  is  thrombosis  of 
the  veins  with  consequent  oedema ;  but  many 
authorities  limit  the  term  phlegmasia  alba 
dolens  to  the  cellulitic  variety. 

Symptoms. — Usually  during  the  second  week 
the  patient  complains  of  pain  in  the  affected  leg 
followed  by  swelling.  In  the  phlebothrombotic 
form  the  pain  and  tenderness  are  confined  to 
the  course  of  the  veins,  and  the  swelling  com- 
mences in  the  foot  and  spreads  upwards  ;  in 
the  cellulitic  variety  the  swelling  commences 
in  the  thigh  and  extends  downwards.  The  con- 
dition is  attended  in  all  septic  cases  by  fever 
and  constitutional  disturbance,  foul  tongue,  loss 
of  appetite,  vomiting,  and  restlessness. 

Prognosis  is  fairly  good  in  most  cases ;  a  com- 
pensatory circulation  is  established,  but  this  is 
sometimes  imperfect,  so  that  the  limb  remains 
permanently  enlarged.  In  some  cases  abscess 
forms  and  may  lead  to  pysemia ;  or  a  portion  of 
clot  may  be  displaced,  carried  to  the  heart,  and 
obstruct  the  pulmonary  artery. 

Prophylaxis  and  Treatment. — The  former 
of  these  is  by  far  the  more  important.  Author- 
ities are  generally  agreed  as  to  its  main  features 
and  differ  only  on  minor  details,  whereas  in 
treatment  there  is  hardly  a  point  upon  which 
all  authorities  agree.  The  years  1870  and  1880 
mark  two  important  eras  in  the  prophylaxis  of 
puerperal  infection.  In  the  former  year  the 
antiseptic  method  was  generally  employed. 
The  patient  was  regarded  as  more  or  less  an 
infected  individual,  and  efforts  were  made  to 
purify  her  by  douching  and  various  other  anti- 
septic measures.  But  about  1880  this  view 
was  changed,  and  it  became  generally  recognised 
that,  in  the  vast  majority  of  cases  at  least,  there 
was  no  infective  matter  to  be  removed,  and  that 
all  our  efforts  should  be  directed  towards  pre- 
venting its  entrance ;  this  is  now  known  as  the 
aseptic  method. 

There  is  no  doubt  that  septic  infection  is 
most  frequently  carried  to  the  patient  by  her 
attendants,  and  especially  by  their  hands.  This 
was  taught  by  Semmelweis  and  Sir  James 
Simpson ;  and  Leopold  has  clearly  proved  that 
patients  who  have  delivered  themselves  without 
any  vaginal  interference,  make  better  recoveries 
than  those  who  have  been  examined,  even  with 
the  most  scrupulous  antiseptic  precautions.  We 


should  therefore  (1)  confine  local  interference 
within  the  narrowest  bounds  ;  (2)  avoid  as  far 
as  possible  septic  contamination ;  (3)  spare  no 
pains  to  render  our  hands  as  innoxious  as 
possible.  The  attendants  should  be  most  care- 
ful of  their  hands ;  and  should  a  practitioner  be 
called  upon  to  attend  patients  with  infectious 
diseases  or  septic  and  putrid  discharges,  he 
should  be  careful,  as  far  as  possible,  to  avoid 
contamination  ;  and  much  may  be  done  in  this 
way  by  using  forceps  or  rubber  film  gloves. 
The  niirse  who  has  to  wash  away  putrid  lochia 
or  foul  discharges  should  be  instructed  how  to 
do  so  without  soiling  her  fingers. 

Asepsis  is,  however,  best  maintained  by  sub- 
stituting, as  far  as  possible,  external  for  in- 
ternal manipulations.  In  1888  Crede  wrote  as 
follows :  "  Even  the  simplest  manipulations 
may  cause  infection.  It  should  therefore  be  laid 
down  and  taught  as  a  fundamental  principle, 
that  internal  examination  of  parturient  women 
should  be  altogether  avoided,  or  restricted  with- 
in the  narrowest  possible  limits;  it  can  be  very 
well  replaced  by  external  examination.  To  in- 
struct their  pupils  as  thoroughly  as  possible  in 
this  method  is  the  present  and  future  duty  of 
teaching  institutions."  Internal  examinations 
are,  however,  occasionally  necessary,  but  the 
practitioner  should  remember  that  such  examin- 
ations are  never  altogether  devoid  of  risk,  and 
before  resorting  to  them  he  should  be  fully  per- 
suaded in  his  own  mind  as  to  the  necessity,  and 
he  should  spare  no  pains  to  render  his  hands  as 
aseptic  as  possible.  This  he  does  in  two  ways  : 
firstly,  by  mechanically  cleansing  the  skin  with 
soap,  hot  water,  and  a  nail-brush  ;  and,  secondly, 
by  using  some  chemical  substance  to  destroy,  or 
at  least  limit  the  procreative  powers  of  the 
micro-organisms  in  the  skin.  Of  the  latter 
agents  alcohol  is  probably  the  best,  and  next  to 
it  bichloride  or  biniodide  of  mercury.  Carbolic 
acid,  chinosol,  creolin,  and  lysol  are  much  em- 
ployed, but  are  inferior  to  the  former  in  bacteri- 
cidal power.  An  antiseptic  for  use  in  ordinary 
midwifery  practice  must  not  only  be  efficient, 
it  must  also  be  portable,  easily  prepared,  and 
not  too  costly ;  and  all  these  requirements  are 
fulfilled  by  corrosive  sublimate,  which  is  easily 
carried  in  tabloid  form.  Besides  their  hands, 
the  attendants  should  observe  the  strictest  clean- 
liness in  their  persons  and  clothing.  With  re- 
gard to  the  former,  not  only  are  the  ordinary 
rules  of  cleanliness  to  be  observed,  but  an  indi- 
vidual who  is  suffering  from  a  purulent  nasal, 
oral,  or  other  discharge,  or  carious  teeth,  should 
not  attend  women  in  their  confinements.  As 
regards  clothing,  most  nurses  now  wear  clean 
dresses  and  aprons  fresh  from  the  laundry.  But 
it  is  not  easy  for  a  busy  practitioner  to  provide 
garments  of  similar  materials  ;  he  can,  however, 
remove  his  coat,  turn  up  his  shirt-sleeves,  and 
pin  a  clean  towel  in  front  so  as  to  act  as  an 
apron. 
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The  lying-in  chamber  should  be  clean  and 
well  ventilated,  and  should  not  be  in  close  proxi- 
mity to  a  water-closet  or  drain-pipe.  The  nurse 
should  see  that  everything  likely  to  be  required 
has  been  provided,  and  that  they  are  absolutely 
clean  ;  to  this  end  she  should  scrub  thoroughly 
all  basins,  jugs,  bed-pans,  and  other  utensils, 
and  she  should  provide  an  ample  supply  of  pure 
water  by  boiling  it  for  at  least  half  an  hour  and 
preserving  it  in  clean  jugs,  covered  with  towels. 
Water  is  a  generally  acknowledged  source  of 
danger,  and  the  addition  of  antiseptics  in  the 
amount  used  for  uterine  douching  is  not  sufficient 
to  sterilise  it ;  though  they  are  better  than 
nothing  in  an  emergency. 

The  patient  herself  should  adopt  the  same 
precautions,  as  regards  cleanliness,  as  her  atten- 
dants, especially  frequent  warm  baths  during 
pregnancy  ;  but  during  labour  they  are  not  ad- 
visable, because  the  water  which  contains  the 
dirt  removed  from  the  surface  usually  enters  the 
vagina,  and  cases  of  fever,  apparently  due  to 
this  cause,  have  been  reported.  The  external 
genitals  should,  however,  always  be  most  care- 
fully cleansed  and  disinfected  ;  formerly  vaginal 
douches  were  used  as  a  routine,  and  some  ob- 
stetricians still  employ  and  recommend  them, 
especially  French  authorities.  At  the  recent 
International  Congress  in  Paris,  Doleris  expressed 
himself  strongly  in  their  favour,  but  the  majority 
of  those  who  have  carefully  studied  the  question 
have  abandoned  them  as  more  frequently  a  cause 
of  harm  than  good  (Runge,  Leopold,  Kronig, 
Menge).  The  argument  in  their  favour  is,  that 
infective  matter  is  occasionally  found  in  the 
genital  canal.  Against  this,  however,  it  is  urged 
that  such  matter  very  rarely  does  harm,  that 
the  douche  is  inefficient  for  its  removal,  and 
harmful  because  it  inhibits  the  normal  bacteri- 
cidal powers  of  the  vagina,  washes  away  the 
mucus,  and  so  renders  labour  more  difficult  and 
the  vagina  more  liable  to  injury,  and  it  may 
carry  infective  matter  into  the  cervix  and  uterus. 
The  strongest  argument  is,  however,  the  fact 
that  the  experience  of  the  vast  majority  of  ob- 
servers has  shown  that  patients  do  much  better 
who  have  not  been  douched.  The  management 
of  labour,  and  especially  of  the  third  stage,  is  of 
the  utmost  importance,  since  the  retention  of 
portions  of  the  placenta  and  membranes  is  a 
fruitful  source  of  putrefaction,  with  its  conse- 
quent dangers,  saprsemic  intoxication  and  py- 
a3mia.    {See  "  Labour,"  vol.  v.) 

Treatment. —Treatment  is  both  local  and 
general ;  so  long  as  the  disease  has  not  passed 
beyond  the  uterus,  local  treatment  is  of  the 
utmost  importance.  Puerperal  ulcers  were 
formerly  treated  very  actively — cauterised  with 
chloride  of  zinc  or  strong  perchloride  of  iron  ; 
but  this  is  unnecessary  in  ordinary  local  infec- 
tions, and  useless  in  systemic  poisoning  :  they 
are  best  treated  by  simple  cleanliness,  and  dust- 
ino-  with  iodoform,  boric  acid,  or  salicylic  acid 


and  starch.  When  the  lochia  are  offensive  a 
vaginal  douche  is  employed,  and  if  the  fever 
continues  the  uterus  should  be  washed  out. 
This  is  a  measure  not  unattended  with  danger, 
and  requires  certain  precautions.  The  instru- 
ment employed  should  be  a  douche,  either  a  can 
or  Hegar's  syphon  douche,  which  can  be  carried 
in  the  obstetrician's  bag,  but  never  a  Higginson's 
syringe.  The  instruments  should  be  absolutely 
clean,  and  the  water  sterilised  by  boiling  for 
half  an  hour,  and  the  antiseptic  employed  should 
not  be  a  strong  poison  like  corrosive  sublimate. 
Creolin,  lysol,  or  chinosol  are  perhaps  the  most 
suitable  ;  half  an  ounce  of  creolin  in  a  gallon  of 
water  is  an  admirable  antiseptic  solution.  The 
patient  should  be  placed  upon  her  back,  a  posi- 
tion for  many  reasons  to  be  pi'ef erred  to  the 
ordinary  lateral  obstetric  position,  because  there 
is  less  danger  of  the  fluid  passing  into  the  Fal- 
lopian tubes  :  the  uterus  is  situated  lower,  and 
there  is  less  risk  of  the  tube  being  contaminated 
during  its  passage  through  the  vagina  ;  and  also 
because  the  operator  can  see  the  patient's  face, 
and  should  the  fluid  enter  the  veins  he  can  at 
once  discontinue  the  process  on  the  first  symptom 
of  collapse.  The  vulva  and  surrounding  parts 
are  first  thoroughly  cleansed,  then  the  vagina  is 
douched  out,  a  clean  glass  nozzle  being  em- 
ployed, and,  in  the  absence  of  wounds  or  ulcers, 
the  surface  gently  rubbed  with  two  fingers. 
After  this  the  hands  are  again  disinfected,  and 
a  long  glass  tube,  or  large  Bozeman's  catheter, 
is  carefully  guided  along  two  fingers,  which 
protect  it  from  touching  the  vaginal  walls,  into 
the  uterus,  which  is  then  thoroughly  douched 
out.  The  advantages  of  uterine  douching, 
though  generally  acknowledged,  are  not,  however, 
universally  admitted,  and  Schrader  condemns  it 
under  all  circumstances.  The  cases  in  which  it 
is  followed  by  improvement  are,  such  authorities 
contend,  without  exception  cases  of  putrefaction, 
which  usually  recover  without  local  treatment, 
whilst  the  douche  might  be  the  means  of  con- 
veying septic  matter  from  without,  or  spreading 
the  germs  already  present,  and,  by  causing 
uterine  contractions,  displace  the  thrombi  in 
the  lymphatics  and  so  favour  systemic  poison- 
ing. Many  other  accidents  have  followed  its 
use,  such  as  reopening  of  wounds  already  closed, 
which  offer  fresh  channels  for  infection  ;  dis- 
placement of  thrombi  in  the  veins,  permitting 
the  entrance  of  fluid  or  air ;  and  even  perforation 
of  the  uterine  wall,  followed  by  a  fatal  peri- 
tonitis. But  since,  on  the  other  hand,  simple 
sapr£emic  intoxication  may  prove  fatal,  the 
majority  of  obstetricians  employ  intra-uterine 
douches  in  all  cases  where  the  disease  is  still 
limited  to  the  uterus  and  vagina  ;  but  they  are 
agreed  as  to  the  absolute  necessity  for  thorough 
asepsis  and  most  gentle  manipulation  ;  and  also 
that  they  should  never  be  employed  after  peri- 
tonitis or  parametritis  has  set  in.  Should  there 
be  any  suspicion  of  retained  membranes  or  por- 
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tions  of  placenta,  the  uterus  should  be  thoroughly 
explored  with  the  finger,  and  these  removed. 
Some  authorities  prefer  mopping  out  the  uterus 
with  absorbent  cotton-wool  to  douching,  but  to 
my  mind  the  latter  is  preferable,  but  in  some  cases 
where  the  putrefaction  continues  after  douching 
I  have  seen  good  results  follow  a  thorough  pack- 
ing of  the  uterus  with  iodoform  gauze.  The 
gauze  is  removed  after  twelve  hours,  and,  if 
considered  advisable,  a  fresh  packing  inserted. 
A  more  thorough  evacuation  of  the  uterus  can 
be  effected  by  the  curette,  and  brilliant  results 
following  this  treatment  have  been  reported  by 
E.  V.  Brawn,  Borel,  Weis,  Charrier,  Pinard, 
Pozzi,  and  others  ;  but  it  is  a  method  even  more 
open  to  criticism  than  the  use  of  the  douche, 
because  the  puerperal  uterus  is  difficult  to 
curette  thoroughly,  and  if  any  putrid  matter  be 
left  it  would  infect  the  fresh  raw  surface  ;  but 
chiefly  because  it  is  liable  to  injure  or  remove 
the  barrier  of  protective  cell  proliferation  and 
so  provide  an  open  door  for  systemic  invasion. 
Its  employment  has  for  these  reasons  been 
strongly  opposed  by  Olshausen,  Fritsch,  Fehling, 
and  others.  Whether  it  should  ever  be  em- 
ployed is  therefore  still  an  open  question,  but 
personally  I  am  in  favour  of  its  employment,  at 
least  in  cases  of  incomplete  abortion. 

The  most  radical  of  all  local  methods  is  the 
extirpation  of  the  diseased  uterus.  This  has 
been  done  with  a  fair  measure  of  success,  and  is 
advisable  in  cases  where  an  adherent  and  putrid 
placenta  cannot  be  safely  removed  in  any  other 
way ;  also  where  fever  depends  upon  sloughing 
myomata ;  but  it  may  also  be  indicated  in  cases 
in  which  the  uterine  tissues  have  been  invaded, 
but  the  disease  has  not  extended  beyond  that 
organ.  It  is,  however,  an  exceedingly  difficult 
problem  to  determine  whether  this  is  so  in  a 
given  case,  and  to  avoid  unnecessary  mutilation 
on  the  one  hand,  and  hopeless  interference  on 
the  other. 

Parametritis  and  Peritonitis. — In  the  com- 
mencement of  pelvic  cellulitis  an  ice-bag  should 
be  laid  upon  the  hypogastrium,  which  is  after- 
wards replaced  by  cold  or  warm  compresses. 
The  patient  should  be  most  carefully  protected 
from  chill,  and  should  not  be  allowed  to  leave 
her  bed  for  some  days  after  all  symptoms  of 
fever  have  subsided.  Peritonitis  is  treated  in  a 
similar  manner,  but  the  ice-bag  can  seldom  be 
borne,  and  opium  is  generally  required  to  relieve 
pain.  The  practice  which  has  proved  success- 
ful in  threatened  peritonitis  after  operations, 
namely,  to  avoid  opium  and  force  the  bowels  to 
act,  is  dangerous  in  puerperal  cases,  because  the 
movement  of  the  bowels  is  antagonistic  to  local- 
isation and  incapsulation  of  the  disease,  upon 
which  a  favourable  issue  depends. 

Septicemia. — So  long  as  the  disease  is  con- 
fined to  the  genital  canal  the  local  measures 
already  described  should  be  adopted,  but  as 
soon  as  it  has  passed  beyond  and  invaded  the 
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system  they  are  absolutely  useless.  We  are 
not  as  yet  in  possession  of  any  antiseptic  which 
can  destroy  the  micro-organisms  in  the  tissues  ! 
Quinine,  mercury,  salicylic,  carbolic,  and  boric 
acids,  as  well  as  the  benzoate  of  soda,  have  all 
been  tried  without  benefit,  and  most  of  them  do 
harm  by  disordering  the  stomach  and  intestines, 
and  thus  inducing  loss  of  appetite  and  diarrhoea. 
Most  antipyretics  are  too  depressing,  and  mask 
the  symptoms  without  any  compensating  benefit. 
Some  advise  purgatives,  but  they  are  better 
avoided,  and  on  the  other  hand  astringents 
should  not  be  too  readily  administered  to  check 
looseness,  which  in  moderation  is  a  useful  elimi- 
native.  Our  chief  object  in  treatment  should 
therefore  be  to  assist  the  organism  in  its  contest 
with  the  microbes.  This  we  can  do  by  a  free 
exhibition  of  alcohol,  which  acts  beneficially  in 
various  ways  :  firstly,  it  is  a  powerful  antiseptic 
and  antipyretic,  it  strengthens  the  heart's  action, 
and  by  checking  oxidation  reduces  destruction 
of  the  tissues.  It  is  best  administered  in  the 
form  of  brandy,  or  whisky,  port  wine,  and  cham- 
pagne. The  quantities  should  be  large ;  twelve 
ounces  or  more  of  brandy  in  twenty-four  hours 
is  generally  required.  Food  should  be  adminis- 
tered frequently  in  easily  assimilable  forms ; 
eggs,  milk,  and  beef  tea  are  the  most  suitable. 
The  employment  of  cool  baths  benefits  the 
patient  in  many  ways,  by  cooling  the  surface 
and  improving  the  appetite ;  where  its  employ- 
ment is  contra-indicated,  a  wet  pack,  or  spong- 
ing with  water  and  vinegar,  may  be  substituted. 
These  measures  are  especially  beneficial  when 
the  skin  is  dry  and  hot,  the  patient  restless  or 
delirious,  and  especially  in  cases  of  septic  som- 
nolence. The  patients,  as  a  rule,  feel  better 
after  the  bath,  their  circulation  and  respiration 
are  improved,  the  skin  becomes  soft  and  moist, 
and  they  take  food  more  readily.  Baths  are 
contra-indicated  in  peritonitis  and  metrophleb- 
itis, because  the  movement  of  the  patient 
might,  in  the  former  case,  convert  a  local  into  a 
general  peritonitis,  and  in  the  latter  because  of 
the  danger  of  starting  emboli. 

Antistreptococcic  serum  has  not  fulfilled  the 
high  anticipations  which  attended  its  intro- 
duction, and  the  majority  of  authorities  have 
reported  unfavourably  upon  it. 

The  treatment  which  appears  to  me  to  have 
met  with  most  success  in  this  disease  was 
formulated  by  Runge  in  1866,  and  consists  in 
the  free  use  of  alcohol,  avoidance  of  internal 
antipyretics,  cool  bathing,  and  nourishing  diet. 

II.  AFFECTIONS  OF  BREASTS  AND 
NIPPLES 

1.  Nipples — 

(a)  Sore  370 

(b)  Deep  Inflammation  and  Abscess   .  371 

(c)  Eczema,  Syphilis,  etc.  .        .  .371 

(d)  Anomalies  and  Defects  in  Con- 
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1.  Nipples 

(a)  Sore  Nipples. — Under  this  term  several 
diseased  conditions  of  the  nipple  arising  during 
lactation  are  included,  which  are  of  great 
clinical  importance  owing  to  the  relation  they 
bear  to  mastitis  and  mammary  abscess. 

The  commonest  condition  met  with  is  a 
simple  abrasion  of  the  nipple,  the  result  of  a 
loss  of  epithelium.  The  first  stage  of  abrasion 
is  a  simple  erythema.  The  epithelium  is  next 
denuded  at  several  points,  leaving  the  subjacent 
papillae  unprotected,  and  if  this  condition  is 
allowed  to  go  on  a  fissure  of  the  nipple  results. 

The  denuded  areas  which  follow  on  a  simple 
erythema  are  usually  at  the  apex  of  the  nipple, 
and  next  most  frequently  at  the  sides  and  base. 
Basal  fissures  may  extend  so  deeply,  from  re- 
peated attempts  at  nursing,  that  the  nipple 
may  be  entirely  severed,  or  left  attached  merely 
by  a  few  lactiferous  ducts. 

The  predisposing  causes  of  sore  nipples  are  : — 
shortness  of  the  nipple,  undue  thinness  of  the 
epithelium,  and  prominent  papillae  with  deep 
intervening  sulci,  which  tend  to  imprison  shed 
epithelium  and  drops  of  milk  ;  these  combining 
to  form  a  crust,  the  non-removal  of  which 
favours  atrophy  of  the  underlying  epithelium. 
Neglect  and  want  of  cleanliness  during  preg- 
nancy, and  pressure  of  tight  corsets,  which  may 
prevent  the  development  of  the  nipple,  are 
important  etiological  factors. 

The  direct  cause  is  injury  set  up  by  the  gums 
and  tongue  of  the  infant  during  suckling.  This 
is  most  apt  to  occur  if  suckling  be  delayed  until 
the  breasts  are  engorged,  if  the  entire  nipple 
be  not  taken  into  the  child's  mouth,  or  if  the 
nipple  is  not  properly  developed,  or  is  depressed. 

The  unprotected  papillae  bathed  in  milk  and 
blood  form  an  excellent  nidus  for  the  culture 
and  growth  of  micro-organisms.  Bacterial  in- 
fection may  result  from  the  fingers  of  the  nurse 
or  mother,  from  the  child's  mouth,  or  from 
soiled  clothes,  and  thus  what  was  originally  a 
simple  irritation  is  converted  into  a  septic 
wound.  Bacilli  and  cocci,  including  the  staphy- 
lococcus aureus  and  albus,  have  been  found  by 


Bumm  in  fissures  of  the  nipple.  The  oidium 
albicans  in  cases  of  thrush,  and  micro-organisms, 
may  be  transmitted  directly  from  the  mouth  of 
the  child,  and  it  is  possible  that  some  forms  of 
stomatitis  in  the  child  may  be  caused  by  micro- 
organisms present  in  the  fissured  nipple. 

Fissured  nipples  are  more  common  in 
primiparae,  and  in  women  with  delicate  skins, 
especially  blondes.  Abnormal  states  of  the 
mother's  milk  may  also  predispose  to  fissure 
of  the  nipple,  or  aggravate  an  already  existing 
fissure. 

Symptoms  usually  begin  from  the  third  to 
the  fifth  day.  Excruciating  pain  is  complained 
of  when  the  child  is  put  to  the  breast.  The 
temperature  may  rise  to  104°  F.,  either  as  a 
result  of  septic  absorption  or  from  the  deep 
impression  made  on  the  nervous  system  by 
the  intense  pain.  The  nervous  apprehension 
of  the  pain  may  even  cause  convulsions  to 
supervene,  and  may  seriously  interfere  with 
the  patient's  general  health. 

Treatment.  ■ —  Prophylactic  treatment  should 
begin  during  the  last  two  or  three  months  of 
pregnancy,  when  special  attention  should  be 
directed  to  the  avoidance  of  pressure  by 
corsets.  The  nipples  should  be  washed  night 
and  morning  with  soap  and  cold  water,  and 
then  bathed  with  some  astringent  or  spirituous 
fluid,  such  as  solution  of  alum,  tincture  of 
quinine  or  arnica,  brandy,  whisky,  or  eau-de- 
Cologne.  Small  depressed  nipples  should  be 
gently  pulled  out  daily  with  the  finger  and 
thumb,  which  serves  to  stimulate  and  bring 
into  action  the  muscular  fibres.  Inunction 
with  lanoline  or  simple  ointment  facilitates  the 
pulling  out  of  the  nipple.  Care  should  be 
taken  not  to  over-manipulate  the  nipple  late 
in  pregnancy,  as  uterine  contractions  may  thus 
be  set  up. 

Depressed  or  invaginated  nipples  may  be 
pulled  out  by  means  of  the  breast-pump,  or 
oral  suction  by  another  healthy  woman,  or  by 
the  mouth  of  a  bottle  just  emptied  of  hot 
water.  Strips  of  adhesive  plaster  may  then 
be  carefully  and  judiciously  applied  to  retain 
the  nipple  in  its  normal  position  (Henry 
Davies).  In  severe  cases,  Kehrer's  operation 
of  mammillaplasty  may  be  performed. 

Attention  should  be  paid  to  the  cleanliness 
of  the  nipple  and  of  the  child's  mouth  from  the 
beginning  of  lactation.  The  child's  mouth 
should  be  washed  at  least  once  daily  with 
a  saturated  solution  of  boracic  acid.  Before 
and  after  each  act  of  suckling  the  breasts 
should  be  washed  with  boric  solution,  or  1  in 
2000  corr.  sublim.,  and  thoroughly  dried.  If 
the  nipples  are  carefully  dried  the  child  will 
only  absorb  an  infinitesimal  quantity  of 
mercury.  1      If    any   erythema   is   present  a 

'  The  child  should  not  be  put  to  the  breast  too 
frei|uently,  and  each  nursing  should  be  limited  to 
fifteen  minutes  at  longest. 
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protective  ointment  should  be  applied,  such 
as  ung.  bismuthi  alone,  or  mixed  with  an 
equal  quantity  of  boracic  acid  ointment.  Com- 
pound tincture  of  benzoin  or  hazeline  are  also 
useful  applications,  which  may  be  used  alter- 
nately with  the  ointments.  If  there  be  erosion, 
nothing  acts  so  well  as  ichthyol  ointment, 
15  to  20  per  cent  with  lanoline,  or  iodoform 
ointment,  gr.  x.  to  3j.  Dusting  with  powdered 
tannic  acid,  or  painting  with  a  solution  of 
silver  nitrate,  2  per  cent,  may  often  be  found 
useful. 

For  a  deep  fissure  a  fine  pointed  stick  of 
silver  nitrate  should  be  applied.  A  solution 
of  chloral  hydrate  (4  per  cent)  may  be  tried, 
preceded  by  the  application  of  a  5  per  cent 
solution  of  cocain.i  Corrosive  sublimate  solu- 
tion, 1  in  2000,  should  also  be  used  as  a  wash. 

To  give  time  for  the  healing  process  to  occur, 
a  nipple  shield  should  be  used  if  it  can  be  borne, 
and  if  it  does  not  tend  to  aggravate  the  fissure. 
If  the  shield  cannot  be  borne,  the  breasts  may 
be  relieved  artificially  by  massage,  which  may 
be  continued  for  four  days,  nursing  being 
again  attempted  at  the  end  of  that  period.  If 
a  nipple  shield  is  used  it  must  be  kept  scrupu- 
lously clean,  and  when  not  in  use  should  be 
kept  in  boracic  acid  solution. 

A  slight  fissure  will  usually  heal  up  in  about 
twenty-four  hours  with  proper  treatment,  but 
in  severe  cases  it  may  take  longer.  It  is  rarely 
necessary  for  the  mother  to  give  up  nursing 
entirely,  unless  a  mammary  abscess  is  imminent, 
or  unless  the  pain  and  distress  are  so  intolerable 
that  the  patient  cannot  persevere. 

(b)  Deep  Inflammation  and  Abscess. — Inflam- 
mation of  the  deeper  part  of  the  nipples  is 
rare.  It  may  attack  the  lactiferous  ducts  or 
the  connective  tissue  of  the  nipple,  and  may 
end  in  resolution  or  in  the  formation  of  a  small 
abscess.  If  pus  forms  in  the  ducts,  it  becomes 
evacuated  through  the  normal  apertures,  and 
is  apt  to  be  swallowed  by  the  child.  If  the 
connective  tissue  is  involved  a  painful  abscess 
is  apt  to  form,  which  may  either  burst 
spontaneously  or  require  incision,  after  which 
it  usually  heals  rapidly  with  antiseptic  treat- 
ment. Lactation  should  be  stopped  for  a  few 
days.  In  using  the  bistoury  the  greatest  care 
must  be  taken  not  to  divide  a  milk  duct 
transversely. 

(c)  Eczema,  scabies,  herpes  zoster,  diphtheria, 
thrush,  and  syphilitic  ulcers  may  affect  the 
nipple.  Eczema  will  be  considered  under 
affections  of  the  areola.  Syphilitic  ulcers  are 
to  be  treated  on  the  ordinary  principles  of 
general  and  local  treatment.  If  the  child 
presents  no  sytnptoms  of  syphilis  it  should  be 
weaned.     These  ulcers   may  be   difficult  to 

1  Films  of  Uima's  glycerine  jelly  form  good  pro- 
tective applications,  with  which  may  be  incorporated 
ichthyol,  carbolic  acid,  resorcin,  boric  acid,  lead,  zinc, 
tannin,  etc. 


recognise  as  syphilitic ;  in  such  cases  the 
enlargement  of  the  axillary  glands,  sore  throat, 
and  a  faint  roseola  on  the  skin  should  be 
carefully  looked  for. 

{d)  Anomalies  and  Defects  in  Conformation. — 
The  nipple  may  be  absent  congenitally,  or  from 
the  result  of  injury  or  suppuration  in  infancy. 
The  nipples  may  be  small,  ill-developed,  or 
depressed,  and  there  may  be  supernumerary 
nipples.  The  greatest  variety  exists  in  their 
development  in  different  women.  Some  are 
bilobed  or  have  an  exaggerated  foliaceous 
arrangement  of  the  papillse  with  deep  clefts 
and  divisions.  These  latter  are  more  apt  to 
excoriate  and  crack  during  lactation,  for  the 
reasons  already  given  ;  and  depression  or  in- 
vagination of  the  nipples  is  probably  one  of  the 
most  frequent  factors  in  the  etiology  of  mam- 
mary troubles  during  lactation.  These  defects 
should  be  remedied  as  far  as  possible  by  treat- 
ment during  pregnancy,  as  already  described. 

2.  Affections  of  the  Areola 
{a)  Eczema  of  the  areola  and  nipple  is  more 
frequent  in  blonde  women  with  delicate  skins. 
It  is  often  difficult  to  cure,  and  is  apt  to  be 
obstinate  under  treatment,  possibly  from  the 
presence  of  a  staphylococcus  in  the  milk,  which 
is  constantly  reinfecting  the  areola  (Stumpf). 
The  predisposing  causes  are  the  moist  and 
sodden  condition  of  the  areola,  the  result  of 
nursing,  the  friction  of  clothes,  and  the  entrance 
of  micro-organisms  into  small  excoriations  or 
fissures.  It  may  also  arise  from  a  discharging 
sinus,  causing  skin  infection  in  a  neglected  case, 
combined  with  the  results  of  poulticing  in  such 
cases.  It  is  characterised  by  much  itching  and 
burning,  by  a  moist  discharge  which  stiffens 
linen  and  forms  yellowish  crusts.  It  is  apt  to 
spread  to  the  adjacent  skin,  and  if  neglected 
may  lead  to  fissure  and  mastitis. 

Treatment. — If  possible  the  condition  should  be 
prevented  from  becoming  chronic.  To  this  end 
the  parts  should  be  kept  as  dry  as  possible,  and 
the  application  of  the  powdered  oleate  of  zinc 
produces,  as  a  rule,  gratifying  results.  In  bad 
cases  lactation  should  be  stopped,  or  a  gutta- 
percha nipple  shield  may  be  tried.  The  crusts 
should  be  removed  by  bathing  them  with  either 
a  weak  solution  of  bicarbonate  of  soda,  to 
which  oatmeal  flour  is  freely  added,  or  warm 
rice-water,  or  a  boracic  starch  poultice  may 
be  applied.  After  the  crusts  are  removed  in 
this  way  various  applications  may  be  tried. 
When  there  is  much  hj^ersemia  mild  soothing 
remedies  should  be  used,  and  more  stimulating 
treatment  later.  Ointments  of  zinc,  salicylic 
acid,  carbolic  acid,  liquor  carbonis  detergens,  or 
ichthyol,  and  diluted  citron  (Velpeau)  or  sulphur 
ointments.  More  stimulating  remedies,  as  re- 
sorcin, nitrate  of  silver,  and  corrosive  sublimate, 
may  be  used  later.  When  acute  symptoms 
have  subsided  an  ointment  of  nitrate  of  lead 
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(gr.   x.-xv.    to  is  very  useful  (Fordyce 

Barker). 

(6)  Cellulitis,  adenitis,  and  abscess  of  the 
areola  are  simply  an  extension  of  the  similar 
condition  from  the  nipple  (already  considered). 
This  is  rarer  than  suppuration  within  the  breast 
itself.  The  condition  is  sometimes  called  supra- 
mammary  abscess  (absces  de  I'areole).  When 
suppuration  occurs  it  is  better  not  to  incise  till 
a  distinctly  pointed  swelling  is  evident,  in  case 
of  injuring  a  milk  duct. 

Proper  attention  to  the  nipples  to  a  great 
extent  prevents  this  condition,  and  resolution 
generally  occurs  if  the  exciting  cause,  the  irrita- 
tion of  suckling,  be  removed. 

Small  boils  or  pustules  may  develop  in  the 
sebaceous  follicles  of  the  areola  from  suppuration. 

(c)  Anomalies  of  Areola. — The  writer  has  met 
one  instance  where  suckling  was  rendered  impos- 
sible by  the  escape  of  milk  from  Montgomery's 
tubercles  while  the  child  was  at  the  breast. 

3.  Affections  of  the  Mamma 
(a)  Mastitis,  or  inflammation  of  the  breast, 
commonly  called  a  "  weed,"  may  affect  both 
breasts  simultaneously,  but  more  frequently 
affects  one  (usually  the  right).  It  is  more 
common  in  primiparse.  Blondes  and  lymphatic 
subjects  are  most  subject  to  it,  and  it  is  rarely 
met  with  after  the  fourth  pregnancy. 

Since  more  attention  has  been  paid  in  recent 
years  to  prophylaxis,  its  frequency  has  fallen 
from  about  6  per  cent  to  3  per  cent  in  confine- 
ments in  private  practice,  and  at  the  present  time 
a  case  is  almost  unique  in  a  lying-in  hospital. 

There  are  four  periods  during  the  puerperium 
when  mastitis  is  most  likely  to  occur  : — 

(1)  In  the  first  month — the  stage  of  mutual 
adaptation. 

(2)  When  there  is  sudden  arrest  of  suckling, 
causing  liability  to  milk  stasis. 

(3)  At  the  period  of  appearance  of  the  first 
teeth,  when  the  nipple  is  exposed  to  injury. 

(4)  At  the  period  of  weaning,  when  engorge- 
ment may  occur  from  irregular  emptying  of 
the  breasts,  or  when  the  child,  failing  to  get 
nourishment,  shows  its  dissatisfaction  by  tug- 
ging at  the  nipple. 

Varieties  of  Mastitis. — (I)  Parenchymatous 
or  glandular  (the  most  frequent  form). 

(2)  Subcutaneous. 

(3)  Postmammary  or  subglandular. 

These  varieties  may  coexist,  and  frequently  a 
mastitis  begins  as  a  parenchymatous  form,  and 
then  approaches  the  skin  surface  of  the  gland. 

Causes. — The  puei-peral  breast,  being  an 
organ  frequently  engorged  with  blood,  and 
containing  an  animal  fluid,  forms  consequently 
a  convenient  nidus  for  the  proliferation  of 
organisms.  The  dependent  position  of  the 
glands  further  favours  congestion,  and  owing 
to  their  situation  they  are  liabhj  to  injuries. 
It  is  now  abundantly  proved  that  mastitis  is 


invariably  caused  by  the  action  of  organisms. 
Mere  stasis  of  the  milk  will  not  produce 
inflammation,  unless  the  milk  contains  abun- 
dance of  bacteria.  Kehrer  has  sealed  up  the 
nipple  with  collodion,  and  no  inflammation 
ensued  from  the  resulting  engorgement  and 
stasis.  Stasis  is  a  frequent  precursor  of  mastitis, 
but  never  in  itself  a  cause. 

Organisms  can  gain  access  to  the  breast 
through  its  numerous  ducts  when  there  are 
any  abrasions  on  the  nipple  or  areola,  and  as 
such  breaches  of  surface  are  frequent  in  lactating 
women,  the  entrance  of  pyogenic  organisms 
readily  takes  place.  Nowhere  are  the  usual 
organisms  of  the  skin  found  in  greater  numbers 
than  in  the  axilla  and  on  the  mammary  areola, 
and  micro-organisms  exist  in  special  abundance 
in  the  moist  fossa  at  the  base  of  the  nipple. 
These  organisms  are  mostly  pyogenic,  and 
thus  it  is  not  to  be  wondered  at  that  the 
least  abrasion  of  the  nipple  becomes  a  septic 
wound.  Organisms  may  also  be  conveyed  to 
the  nipple  by  the  child's  mouth,  the  hands  of 
the  mother,  a  dirty  nipple  shield,  etc.  Some- 
times the  lesions  on  the  nipple  through  which 
absorption  has  taken  place  are  so  small  as  to 
require  a  lens  to  distinguish  them. 

Micro-organisms  have  the  special  power  of 
coagulating  caseinogen  on  gaining  access  to 
the  milk.  Escherich  believes  that,  in  puerperal 
septic  conditions,  microbes,  which  have  entered 
the  blood  from  lesions  in  the  genital  canals, 
may  find  their  way  into  the  milk  and  set  up 
mastitis.  Hence  the  importance  of  keeping  the 
genital  tract  aseptic. 

Congestions  and  Milk  Engorgements. —  Many 
of  these  conditions  are  purely  physiological, 
as  when  the  milk  first  appears,  and  are  accom- 
panied sometimes  by  pain  and  slight  rise  of 
temperature.  Milk  engorgement  may  occur 
when  suckling  is  suddenly  interrupted,  as  by 
the  death  of  the  child,  or  when  nursing  has 
become  painful  from  tender  nipples.  The 
breast  then  swells,  becomes  hot,  painful,  and 
congested,  while  localised  ai-eas  of  induration 
can  be  felt,  which  are  loaded  milk  ducts.  The 
superficial  veins  become  large  and  prominent. 
This  condition,  especially  if  associated  with 
neglected  sore  nipples,  is  almost  certain  to  go 
on  to  mastitis  and  abscess  formation,  owing  to 
the  easy  absorption  of  organisms. 

Various  causes  may  interfere  with  the  milk 
flow,  thus  leading  to  engorgement  in  the  milk 
ducts  of  a  part,  or  even  the  whole,  of  the 
breast,  e.g.  hyper-secretion,  chill  (which  may 
occur  quite  as  readily  from  the  patient's  night- 
gown being  soaked  from  an  overflow  of  milk 
through  the  night,  as  by  direct  exposure),  or 
blocking  of  a  duct  by  some  inspissated  secretion. 

Treatment  of  Mammary  Engorgement.  —  In 
the  first  place  any  abrasion  or  sign  of  excoria- 
tion about  the  nipples  must  be  rendered  aseptic 
with  a  mercurial  lotion.    In  mild  cases  some 
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evaporating  lotion,  as  eau-de-Cologne  or  vinegar 
diluted  with  water,  gives  relief.  In  addition, 
graduated  pressure  should  be  adopted  by  means 
of  layers  of  cotton-wool  kept  firmly  applied  by 
bandages,  or  by  an  ordinary  tightly  fitting 
slip-bodice.  If  the  breasts  are  pendulous, 
slinging  them  in  a  silk  handkerchief  is  a  great 
comfort  if  pressure  cannot  be  borne.  Suckling 
on  the  affected  side  must  be  desisted  from,  and 
a  breast-pump,  or  preferably  careful  massage, 
substituted.  When  there  is  great  engorgement 
more  vigorous  measures  are  required.  Free 
saline  purgation,  antiseptic  fomentations,  and 
a  dry  and  restricted  diet  are  the  first  indi- 
cations. The  breast-pump  should  be  used,  and 
the  breast  massaged  from  the  base  towards  the 
nipple  with  warm  olive  oil  alone,  or  combined 
with  an  equal  part  of  belladonna  liniment. 
Frequently  the  breasts  can  be  kept  empty  by 
means  of  massage  when  the  application  of  the 
breast-pump  is  painful  and  unsatisfactory.  The 
breast-pump  only  withdraws  milk  from  the 
large  ducts  near  the  nipple,  so  that  to  empty 
the  breast  thoroughly  the  use  of  the  pump 
should  be  combined  with  massage.  If  the 
child  is  off  the  breast,  belladonna  or  atropine 
can  be  given  internally,  combined  with  full 
doses  of  iodide  of  potassium.  Sculptor's  clay 
has  been  recommended  as  an  application  in 
mastitis.  It  is  spread  thickly  under  a  bandage 
over  the  breast,  leaving  the  nipple  free,  and  is 
renewed  morning  and  evening. 

The  temperature  may  rise  to  102°  F.  or  103° 
F.  in  simple  engorgement,  and  thus  simulate 
abscess  formation. 

(5)  When  symptoms  of  abscess  show  them- 
selves, massage  and  compression  must  cease, 
and  the  abscess  is  treated  on  ordinary  surgical 
principles. 

(c)  Milk  Nodes.  —  Owing  to  the  constriction 
of  one  or  more  lacteal  canals,  inspissated  milk 
may  collect  and  remain  for  an  indefinite  period, 
forming  swellings  in  the  breast. 

Treatment.  —  Promote  their  absorption  by 
massage,  with  the  application  of  a  5  per  cent 
oleate  of  mercury  ointment. 

{d)  Galactocele  is  the  result  of  permanent 
occlusion  of  a  lactiferous  duct.  The  retained 
milk  forms  a  cystic  tumour  which  may  require 
surgical  interference. 

(e)  Fistulai  may  be  of  two  kinds — first,  the 
result  of  an  abscess  which  has  not  closed ;  and 
second,  a  communication  between  the  skin  and 
a  lacteal  duct,  caused  by  injury  to  the  duct  by 
a  penetrating  abscess,  or  by  the  surgeon's  knife. 
In  either  case  lactation  should  be  given  up. 

(/)  Anomalies. — Congenital  absence  of  one 
or  both  breasts  may  occur,  or  more  frequently 
there  may  be  a  small  breast  which  is  valueless 
for  lactation.  There  may  be  supernumerary 
mammary  glands,  which  for  the  most  part  are 
functionless. 

{g)  The  puerperal  mamma  may  be  affected 


with  tubercle,  erysipelas,  and  moUuscum  con- 
tagiosum,  the  latter  derived  from  the  child's 
face. 

4.  Conditions  interfering  with  Suckling 
See  also  "  Infant  Feeding,"  vol.  iv.  p.  389. 

(a)  Artificial  Arrest  of  Lactation. — Lactation 
may  be  arrested  at  three  periods  : — (1)  Immedi- 
ately after  delivery,  before  full  secretion  has 
been  established ;  (2)  during  the  course  of 
lactation  at  any  time  ;  and  (3)  at  the  end  of 
the  period  of  lactation.  The  secretion  can  be 
most  easily  arrested,  and  with  least  disturbance 
to  the  patient,  at  the  first  or  third  of  these 
periods. 

Means  of  Arrest. — In  the  first  period  this 
can  generally  be  accomplished  by  (a)  pressure, 
as  already  described  under  the  treatment  of 
"  mastitis,"  if  possible  before  engorgement  has 
begun ;  (^8)  purgation — early  administration  of 
saline  purges — and  a  "  dry  diet "  ;  (y)  gentle 
massage ;  (S)  abstraction  of  a  small  quantity  of 
milk  by  the  breast-pump  to  prevent  dangerous 
engorgement  during  the  first  few  days ;  (c) 
iodide  of  potassium  (gr.  xx.  to  xxx.)  and  bella- 
donna internally  ;  locally  some  preparation  of 
belladonna,  or  atropine  ointment  (gr.  j.  to  5j.). 
Belladonna  plasters  may  be  applied  in  such  a 
way  as  to  keep  the  nipple  uncovered.  Plasters, 
however,  sometimes  cause  irritation,  and  inflam- 
mation may  go  on  unrecognised  beneath  them. 
A  plaster  6"  x  6"  is  sufficient  for  each  breast. 

In  the  second  period  compression,  free  purga- 
tion, and  dry  diet  are  the  chief  means  of  arrest. 
After  massage  and  suction  during  this  period 
the  breasts  tend  rapidly  to  refill,  and  therefore 
such  treatment  is  not  so  satisfactory  in  this  as 
in  the  first  stage.  If,  however,  nodular  masses 
form  in  the  breast,  indicating  insufficient  milk 
drainage,  early  massage  is  necessary  to  prevent 
the  possibility  of  mastitis.  If  the  massage 
causes  pain,  the  application  of  a  mixture  of 
equal  parts  of  glycerine  and  extract  of  bella- 
donna, over  which  hot  fomentations  are  applied, 
gives  great  relief,  and  so  permits  of  the  subse- 
quent use  of  massage.  Internally  iodide  of 
potassium  and  belladonna  should  be  given. 

In  the  third  stage  the  arrest  of  the  milk  flow 
is  simply  natural  weaning,  and  is  discussed 
under  that  heading  in  the  article  on  "  Infant 
Feeding."  Any  slight  tension  of  the  breast 
which  may  occur  at  this  time,  when  a  "  nursing  " 
has  been  omitted,  can  be  reduced  by  gentle 
massage  with  or  withovit  a  short  application  of 
the  breast-pump. 

(6)  Abnormalities  of  HumanMilk. — These  have 
already  been  fully  discussed  in  the  article  on 
"  Infant  Feeding."  It  only  remains  to  be  added 
that  healthy  mothers'  milk  does  not  come  from 
the  breast  absolutely  sterile.  The  micro-organ- 
isms commonly  found  are  staphylococcus  pyogenes 
alhus  and  aureus,  which  probably  find  their  way 
into  the  milk  from  without  through  the  milk 
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ducts.  On  the  other  hand,  as  already  stated, 
organisms  may  reach  the  milk  through  the 
blood  in  women  suffering  from  septic  diseases. 
The  cocci  which  may  be  ordinarily  found  in 
milk  produce  no  ill  effect,  and  they  seem  to 
be  destroyed  by  the  bactericidal  action  of  the 
intestine  in  healthy  children.  Weak  children 
do  not  possess  this  action  to  the  same  extent, 
and  so  the  cocci  may  flourish  in  the  intestine 
and  produce  various  infantile  disorders.  If  the 
milk  contain  more  virulent  organisms,  as  in 
mastitis  and  puerperal  fever,  the  child  may  be 
seriously  affected. 

Blue  milk  is  due  to  the  presence  and  develop- 
ment of  the  bacillus  pyocyaneus.  Red  milk 
may  be  due  to  the  presence  of  blood,  or  may 
result  from  the  action  of  the  micrococcus  pro- 
digiosus,  which  sometimes  grows  with  great 
rapidity  in  milk  allowed  to  stand,  giving  it  the 
appearance  of  blood. 

Green  and  yellow  milks  are  also  organismal 
in  their  origin.  Bile  pigment  and  pus  may 
pass  into  the  milk.  In  all  such  cases  weaning 
is  necessary. 

Jorisenne  has  recorded  a  case  of  foetid  milk 
in  the  mamma,  when  the  milk  became  foetid  if 
there  was  any  unduly  long  interval  between 
the  woman's  nursings,  becoming  sweet  again 
when  she  nursed  regularly.  The  child  was 
sick  when  the  milk  was  foetid,  but  the  mother 
suffered  no  discomfort  except  from  the  smell. 

Closely  allied  to  the  bacteriology  of  milk  is 
"Lactation  Immunity,"  which,  though  of  great 
interest  and  importance,  hardly  falls  within 
the  scope  of  this  article.  A  good  account  of 
this  subject  is  to  be  found  in  the  Science  Progress 
for  May  1894,  by  Buckmaster. 
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1.  Fever  in  the  Puerperium  due  to  Causes 

OTHER  THAN  SePTIC  INFECTION 

A  rise  of  temperature  in  the  puerperal  state 
should  always  be  regarded  as  evidence  of  some 
septic  infection  unless  there  is  definite  proof  to 
the  contrary.  Low  continued  fever  for  a  week 
or  ten  days  without  any  very  severe  constitu- 
tional disturbance,  often  attributed  to  the 
changes  in  the  mammfe  connected  with  lacta- 
tion, is  much  more  often  due  to  a  subacute  in- 
flammation in  the  pelvis.  It  is  this  manifesta- 
tion of  sepsis  in  the  puerperium  which  is  so 


frequently  at  the  time  overlooked,  but  which  is 
the  cause  of  so  much  suffering  in  parous  women, 
and  accounts  for  a  large  proportion  of  those 
chronic  cases  which  fill  the  cliniques  of  the 
gynecologist. 

Fever  apart  from  sepsis  does,  however,  occur. 
It  may  arise  from  reflex  irritation.  The  best 
example  of  this  is  the  fever  which,  especially  in 
neurotic  patients,  sometimes  accompanies  the 
engorgement  and  distension  of  the  breasts  about 
the  third  or  fourth  day.  It  is  seen  also  when 
the  nipples  are  cracked  and  fissured,  though 
here  it  is  less  easy  to  eliminate  a  septic  element. 
The  fever,  unless  mastitis  actually  sets  in, 
quickly  subsides  as  the  breasts  become  softer 
when  suckling  is  fairly  established,  and  is  re- 
lieved by  a  mild  saline  purge  and  gentle  massage 
of  the  breasts  with  warm  olive  oil. 

Emotion  may  be  a  cause  of  fever  in  the  puer- 
peral as  in  the  non-puerperal  state,  and  in  tlie 
weakened  condition  of  the  puerperal  patient  is 
specially  apt  to  be  so.  The  sudden  announce- 
ment of  some  bad  news,  the  death  of  the  baby, 
the  dread  of  exposure  in  unmarried  girls,  worry 
over  the  non-arrival  of  an  expected  letter,  are 
instances  of  recorded  cases  of  this  so-called 
emotional  fever. 

Acute  constipation  can  also  undoubtedly  give 
rise  to  very  considerable  febrile  disturbance  in 
the  puerperium.  The  temperature  may  be  very 
liigh,  and  from  its  sudden  onset  the  cause  may 
be  overlooked.  The  heavy  breath  and  furred 
tongue  will  indicate  the  treatment,  and  speedy 
relief  will  be  got  by  the  administration  of  two 
grains  of  calomel  followed  in  a  few  hours  by  a 
dose  of  castor  oil. 

A  febrile  reaction  may  follow  a  sudden  ex- 
posure to  cold.  The  fever  may  be  ushered  in 
by  a  rigor  ;  it  at  any  rate  follows"  suddenly  on 
the  exposure,  so  that  the  history  makes  the  case 
clear.  It  is  of  short  duration,  and  is  speedily 
relieved  by  the  obvious  treatment  of  a  hot  drink 
and  the  comfort  of  a  hot-water  bottle. 

Any  of  the  acute  or  chronic  febrile  diseases 
may,  of  course,  attack  the  pregnant  woman,  and 
may  persist  in  the  puerperal  state  and  form  a 
serious  complication.  The  cause  of  the  rise  of 
temperature  in  the  great  majority  of  these  cases 
will  be  obvious.  In  some,  however,  the  original 
disease  is  easily  overlooked,  and  the  fever  may 
be  regarded  as  septic  in  its  origin.  An  acute 
exacerbation  of  fever,  so  often  observed  in 
phthisical  patients  during  the  puerperium,  may 
cause  anxiety  in  this  way.  It  must  be  remem- 
bered also  that  zymotic  disease  in  its  incubation 
stage,  before  the  fever  has  developed,  un- 
doubtedly predisposes  to  the  onset  of  labour. 
Two  cases  of  fever  in  the  puerpei-ium  in  the 
writer's  experience,  at  first  regarded  as  septic, 
proved  ultimately  to  be  typhoid,  and  in  a  third 
case,  during  an  epidemic,  a  smallpox  rash  which 
developed  on  the  third  day  cleared  up  the 
diagnosis.    All  these  patients  died.    It  was  only 
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after  the  correct  diagnosis  was  made  that  any 
history  of  indisposition  previous  to  the  labour 
could  be  got  from  the  patients  or  their  friends. 
Influenza  attacking  a  puerperal  patient  may  for 
a  time  be  difficult  to  differentiate  from  a  septi- 
caemia. 

Fever  in  the  puerperium  is  fortunately  then 
not  always  due  to  sepsis,  but,  as  before  stated, 
great  care  must  be  taken  before  assigning  to  it 
any  other  cause.  An  early  intra-uterine  douche, 
carefully  given,  in  a  doubtful  case  can  do  no 
harm,  and  may  do  much  good  in  averting  a 
general  infection,  while,  if  the  operation  is 
followed  by  a  marked  reduction  in  the  tempera- 
ture, it  will  form  a  valuable  aid  to  diagnosis. 

2.  Sudden  Death  in  the  Puerperium 
Picerperal  Venous  Thrombosis  and  Embolism. — 
During  pregnancy  the  blood  contains  an  excess 
of  fibrin,  the  amount  increasing  as  gestation  ad- 
vances. This  increase  of  fibrin  probably  plays 
an  important  part  in  favouring  coagulation  of 
the  blood  in  the  uterine  sinuses  after  labour 
is  over.  It  has,  however,  also  a  pathological 
interest,  as  it  predisposes  in  the  puerperium  to 
thrombosis  in  other  parts.  The  commonest  sites 
are  the  iliac  and  femoral  veins,  but  it  may  occur, 
according  to  Playfair  and  others,  primarily  in 
the  pulmonary  arteries.  The  separation  of  such 
a  thrombus  and  its  entrance  into  the  circulation, 
and  its  final  arrest  in  some  branch  of  the  pul- 
monary artery,  or  the  formation  of  a  clot  in  the 
right  side  of  the  heart  and  its  gradual  extension 
along  the  pulmonary  artery,  are  the  causes  of 
the  majority  of  those  cases  of  tragic  and  sudden 
death  which  are  met  with  in  puerperal  women. 
The  accident  rarely  occurs  before  the  end  of  the 
second  week,  and,  as  a  rule,  there  is  no  warning 
that  anything  is  wrong.  The  patient  is  appar- 
ently in  perfect  health,  when  suddenly  she  is 
seized  with  intense  dyspnoea  and  pain  in  the 
chest.  The  face  in  some  cases  is  pale,  in  others 
deeply  cyanosed ;  in  all  it  is  expressive  of  great 
agony.  The  heart's  action,  at  first  exaggerated 
and  irregular,  soon  becomes  feeble  and  flickering, 
and  the  patient  dies  in  a  few  minutes. 

This  is  the  general  termination  of  cases  of 
pulmonary  embolism,  but  in  some  cases,  after  a 
severe  attack  of  dyspnoea,  the  symptoms  slowly 
abate  and  recovery  takes  place.  In  such  a  case 
the  thrombus,  which  is  small  and  blocks  only  a 
smaller  branch  of  the  artery,  is  gradually  ab- 
sorbed. In  still  another  class  of  cases  there 
may  be  a  temporary  alleviation  of  the  distressing 
symptoms,  followed  later  by  increasing  dyspnoea 
and  cyanosis,  and  death  in  a  few  days.  Here 
there  is  probably  a  gradual  thrombosis  extend- 
ing from  the  site  of  the  embolism. 

As  a  rule,  death  is  so  sudden  that  the  question 
of  treatment  does  not  arise.  In  the  rare  cases 
not  immediately  fatal,  stimulants  should  be 
freely  given  by  the  mouth  or  hypodermically, 
and  mustard  placed  over  the  heart;  and  after 


the  acute  distress  of  the  attack  has  passed  the 
patient  must  be  kept  at  absolute  rest,  all  at- 
tempts at  movement  being  strictly  forbidden. 
Prophylaxis  is  of  greater  importance.  In  the 
treatment  of  a  case  of  puerperal  thrombosis,  as 
in  phlegmasia  alba  dolens,  the  affected  limb 
must  be  swathed  in  wool,  and  kept  absolutely 
at  rest,  it  may  be  for  weeks,  until  the  throm- 
bosis has  become  so  firmly  attached  to  the  vessel 
wall  that  its  separation  is  impossible.  Even 
gentle  massage  of  the  affected  limb  is  always 
dangerous  until  six  weeks  from  the  time  the 
phlegmasia  was  first  noticed. 

A  much  rarer  cause  of  sudden  death  than 
that  mentioned  is  the  entrance  of  air  into  the 
circulation.  The  place  of  entrance  is  generally 
the  open  uterine  sinuses  at  the  placental  site. 
The  accident  has  followed  intra-uterine  manipu- 
lations, as  in  turning,  and  during  the  process  of 
intra-uterine  and  also  vaginal  douches,  where 
air  has  been  forced  in  along  with  the  fluid. 

The  spontaneous  entrance  of  air  into  the 
uterine  sinuses  must  be  very  rare,  though  such 
cases  have  been  recorded.  The  symptoms  are 
somewhat  similar  to  those  met  with  in  pulmonary 
embolism. 

Sudden  death  in  the  puerperium  may  arise 
also  from  heart  disease,  from  rupture  of  the 
heart,  from  rupture  of  an  aneurysm,  or  from 
cerebral  hsemorrhage.  Many  patients  die  from 
a  sudden  acute  uterine  haemorrhage,  while  in 
others  the  cause  seems  to  be  shock  or  syncope 
following  a  tedious  labour. 

3.  Puerperal  Hematoma 
An  interstitial  eff'usion  of  blood  into  the  tissues 
of  the  pelvis,  due  generally  to  the  rupture  of  a 
vein  and  the  formation  of  a  circumscribed 
tumour,  is  a  rare,  but  when  it  does  occur  may 
prove  a  very  serious,  complication  of  the  puer- 
perium. The  situation  of  the  blood  tumour 
varies.  In  the  majority  of  the  cases  it  is  in  the 
vaginal  wall  near  the  vulvar  orifice,  through 
which  the  swelling  may  bulge.  It  may,  how- 
ever, form  in  the  cervix,  in  the  peri-uterine  con- 
nective tissue,  or  under  the  skin  of  the  perineum, 
from  which  it  may  extend  posteriorly  into  the 
gluteal  region  or  anteriorly  to  the  abdominal 
walls.  It  occurs  generally  spontaneously,  and 
is  then  due  either  to  the  increased  venous  pres- 
sure which  is  present  during  labour,  causing 
rupture  of  a  diseased  vessel,  or  to  the  direct 
pressure  of  the  foetal  head  in  its  descent  through 
the  pelvis.  A  varicose  condition  of  the  veins 
would  seem  likely  to  predispose  to  this  accident, 
but  this  is  denied  by  most  aiithorities.  It  may 
be  caused  artificially  by  direct  injury  of  a  vessel 
in  using  forceps.  Not  infrequently  the  hsema- 
toma  is  noticed  during  the  labour,  but  more 
often  the  pressure  of  the  descending  part  against 
the  side  wall  of  the  pelvis  prevents  any  effusion 
till  labour  is  over,  when  it  slowly  increases  in 
size,  and  may  continue  doing  so  without  rupture 


376 


PUERPERIUM,  PATHOLOGY  OF 


for  twelve  or  even  twenty-four  hours.  In  rare 
cases  the  tumour  does  not  develop  until  the 
second  or  third  day.  In  these  cases  the  rupture 
of  the  vessel  is  due  to  what  has  been  called  a 
pressure  necrosis. 

The  size  of  the  swelling  varies.  Generally  no 
larger  than  the  fist,  it  may  be  as  big  as  a  large 
cocoa-nut.  Pain  is  generally  a  prominent  symp- 
tom, the  severity  of  which  depends  largely  on 
the  size  of  the  tumour.  By  pressure  against 
the  bladder  or  rectum  it  may  give  rise  to  severe 
tenesmus  and  straining.  Where  the  effusion  of 
blood  is  diffuse  and  not  circumscribed,  or  where 
the  tumour  is  very  large,  there  may  be  symptoms 
of  acute  hsemorrhage. 

The  diagnosis  is,  as  a  rule,  easy,  because  in 
the  majority  of  cases  the  tumour  is  visible  and 
can  be  noticed  to  slowly  increase  in  size.  The 
swelling  has,  however,  been  mistaken  for  the 
placenta,  for  inversion  of  the  uterus,  for  prolapse 
of  the  uterus,  and  even  for  the  foetal  head. 

Prognosis. — (a)  As  a  rule  the  effused  blood  is 
slowly  absorbed  ;  {b)  rupture  of  the  tumour  may 
take  place  and  recovery  follow  ;  (c)  the  forma- 
tion of  an  abscess,  the  result  of  septic  infection, 
without  rupture,  or  septic  infection  after 
rupture ;  {d)  death  from  hsemorrhage,  with  or 
without  previous  rupture  of  the  tumour. 

Treatment.  —  Should  the  tumour  develop 
during  labour  and  form  an  obstruction  to  de- 
livery, it  must  be  incised  and  the  blood-clot 
removed.  If  the  bleeding  vessel  can  be  secured, 
the  case  can  be  left  alone  till  the  labour  is  over ; 
but  if,  as  is  more  likely,  this  is  impossible,  then 
forceps  should  be  applied  to  bring  the  head 
down  into  the  vagina,  till  by  its  pressure  over 
the  site  of  the  tumour  the  liBemorrhage  is  con- 
trolled. After  delivery  another  attempt  may 
be  made  to  ligature  the  bleeding  vessel.  If  this 
cannot  be  found,  then  the  cavity  must  be  tightly 
packed  with  iodoform  gauze  and  an  ice-bag 
applied  to  the  parts  externally.  There  is  a 
great  risk  of  a  septic  infection,  of  course,  from 
the  decomposing  lochia  where  it  has  been  neces- 
sary to  incise  the  tumour,  so  that  the  greatest 
care  is  necessary  to  keep  the  parts  sweet  by 
antiseptic  douching  and  bathing  of  the  external 
genitals. 

Should  the  tumour  develop  after  labour,  then 
treatment  should  be  directed  towards  controlling 
the  htemorrhage  by  pressure  and  the  application 
of  cold.  Pressure  can  be  brought  to  bear  over 
the  swelling  by  the  introduction  into  the  vagina 
of  a  large  Barnes  bag  ;  an  ice-bag  should  also 
be  placed  over  the  vulva,  and  any  straining, 
if  possible,  prevented.  If  by  these  means  the 
hfemorrhage  is  stopped,  as  shown  by  the  tumour 
ceasing  to  get  larger,  then  absorption  of  the 
effused  blood  will,  as  a  rule,  go  on  slowly.  To 
lessen  the  risk  of  abscess  formation  which  may 
result  from  septic  infection,  the  vagina  must  be 
frequently  douched  and  the  external  part  fre- 
quently cleansed  with  some  antiseptic  lotion. 


If  the  swelling,  once  formed,  rapidly  increases 
in  size,  indicating  a  severe  haemorrhage,  then 
all  attempts  by  pressure  and  cold  may  fail  to 
arrest  the  bleeding,  and  in  order  to  prevent  the 
sac  rupturing  it  may  be  necessary  to  incise  the 
swelling  and  search  for  the  torn  vessel.  This 
will,  however,  be  rarely  necessary,  and  should, 
if  possible,  be  avoided,  because  of  the  risks  of 
septic  infection.  In  some  cases  where  the  sac 
has  not  been  opened,  in  spite  of  all  care  the 
effused  blood  will  become  septic  and  suppuration 
supervene.  As  soon  as  this  is  diagnosed  a  free 
opening  must  be  made  into  the  most  dependent 
part  of  the  swelling,  all  blood  and  pus  cleared 
out,  and  the  cavity,  after  cleansing,  packed  with 
iodoform  gauze,  which  is  changed  at  least  once 
each  day. 

IV.  PUERPERAL  INSANITIES 
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(Note. — Puerperal  insanity  is  the  most  dra- 
matic and  significant  variety  of  the  mental 
diseases  associated  with  child-bearing,  but  it  can 
only  be  properly  considered  as  one  of  a  group 
to  which  it  gives  its  name.) 

1.  Nature,  Etiology,  and  Pathology. — In- 
sanity always  signifies  some  dyscrasia — a  more 
or  less  profound  nutritive  disturbance  in  general, 
some  incompatibility  in  the  ingredients  which 
the  blood  supplies  for  the  tissues'  nourishment. 
Hence  follows  a  loss  of  balance  between  waste 
and  repair.  That  may  be  what  I  have  called 
in  the  general  article  on  "Insanity"  (vol.  iv. 
p.  479)  a  state  of  "surfeit,"  or  it  may  approach 
to  a  more  simple  anaemia ;  but  in  any  case  the 
result  is  inanition  and  irritation  of  the  nervous 
system  and  of  the  other  tissues.  But,  besides 
the  general  physiological  instability,  a  particular 
mental  instability  is  also  implied  by  insanity- 
some  failure  of  balance  between  the  various 
nervous  activities  which  contribute  to  mental 
life,  some  discrepancy  between  sensibility  and  the 
capacity  for  effort.  No  form  of  insanity  illus- 
trates so  well  as  do  the  insanities  of  pregnancy 
these  aspects  of  mental  pathology— perversion 
of  nutrition,  reflex  irritation,  and  excess  of 
mental  effort.  There  are  three  recognised 
varieties  of  insanity  of  child-bearing— the  preg- 
nant, the  puerperal,  the  lactational — though 
they  are  best  regarded  as  a  serial  development 
of  a  protracted  process.  Each  of  the  three  has 
its  characteristic  dyscrasia.  An  account,  even 
approximately  exact,  of  the  chemistry  of  these 
states  is  still  quite  impossible.     Very  great 
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importance  is  now  being  attached  to  the  factors 
of  auto-intoxication  in  the  etiology  of  insanity, 
and  quite  properly.  But  we  do  well,  I  think, 
to  associate  our  newer  knowledge  and  impressions 
with  the  old  conceptions  of  malnutrition.  In 
particular,  I  would  emphasise  the  importance 
in  the  cases  now  considered  of  simple  starvation 
of  the  cerebral  tissues  either  from  some  poverty 
of  the  blood,  for  instance,  or  from  defective 
cardiac  action,  as  well  as  of  the  presence  of 
pernicious  by-products  of  metabolism  or  of 
defective  elimination.  We  cannot  dissociate 
these  factors  in  etiology.  As  Dr.  Lackie  points 
out  (p.  228),  many  of  the  changes  in  preg- 
nancy formerly  called  physiological  are  now 
regarded  as  due  to  toxsemia ;  and  we  must  take 
the  wide  view  of  child-bearing  as  a  process  which 
at  once  depletes  and  poisons,  exhausts  and  up- 
sets, the  nervous  system  and  every  other 
system.  During  pregnancy  the  maternal  organ- 
ism is  called  upon  to  bear  the  burden  not  only 
of  its  own  metabolism,  but  of  that  also  of  the 
foetus,  and  we  must  bear  in  mind  the  great 
frequency,  especially  in  primiparte,  of  disordered 
digestion  and  impaired  excretion,  dyspepsia,  a 
poor  or  perverted  appetite,  constipation,  possibly 
some  uraemia,  "hepatic  inadequacy,"  and 
muscular  inertia  from  insufficiency  of  outdoor 
exercise.  In  the  puerperium  the  maternal 
economy,  suddenly  called  upon  to  adjust  itself 
to  a  quite  altered  blood-supply  on  the  escape  of 
the  foetus,  often  finds  itself  hampered  by  having 
to  deal  with  the  products  of  something  like 
septic  absorption.  And  during  lactation,  just 
following  the  strains  of  the  pregnant  and  the 
puerperal  metabolism,  the  constitution  is 
drained  by  a  novel,  continuous,  and  expensive 
secretion.  But  the  nervous  factors  are  also 
important — the  reflex  irritations  which  are  in- 
evitable, and  the  nervous  reactions  which  are 
not  less  so,  both  of  which  imply  nervous  differ- 
entiations appropriate  to  the  maternal  state. 
We  cannot  but  admit  the  nervous  strain  of 
pregnancy,  however  well  managed,  however 
perfect  the  metabolism,  however  aseptic  the 
various  tissues — the  variety  of  impulses  which 
beset  the  brain,  from  a  growing  and  quickening 
tumour,  partly  subconscious,  partly  impressed 
upon  the  attention  forcibly  or  even  painfully ; 
the  acute  impressions  of  delivery,  the  sudden 
pelvic  emptiness,  the  cessation  of  foetal  impulse, 
and  in  its  place  the  painful  irritation  of  a 
uterus  in  involution ;  then  another  reflex 
stimulation,  usually  painful,  when  the  mammae 
have  to  suffer  periodic  tension  and  relief. 

And  again  we  must  attach  importance  to  the 
mental  condition  incidental  to  child-bearing. 
The  emotional  state  during  pregnancy  is  one  of 
tension.  The  young  mother  is  usually  appre- 
hensive, fearful  of  some  accident  to  herself  or 
to  her  child  ;  ready  to  foresee  domestic  trouble, 
or  even  catastrophe  ;  distressed  by  her  physical 
incapacity,  and  apt  to  feel  herself  a  burden ; 


fanciful  and  nervous,  ready  to  believe  that  she 
is  no  longer  acceptable  to  her  friends,  and  that 
she  has  lost  her  husband's  love.  In  the  puer- 
peral state  a  great  mental  reaction  occurs.  It 
is  usual  to  have  emotional  relief ;  conjugal 
feeling  is  forgotten  in  the  maternal,  which  de- 
velops with  an  intensity  that  is  frequently  fero- 
cious, and  the  new-made  mother  is  actively 
inclined  and  restless,  itching  to  be  up  and  about, 
and  as  keen  to  be  living  an  active  life  as  a  hen 
that  has  hatched  a  brood.  We  must  note  here 
that  this  reaction  shows  itself  in  insanity,  so 
that,  while  the  type  during  pregnancy  is  melan- 
cholic or  delusional,  as  it  also  is  during  lacta- 
tion, the  insanity  of  early  puerperium  is  one  of 
acute  mania.  During  lactation,  again,  the  con- 
ditions are  those  of  a  reaction.  The  return  to 
active  life  has  proved  exhausting,  and  the 
patient  is  weary  in  body  and  in  spirit ;  her 
happiest  expectations  are  not  being  fulfilled, 
and  her  courage  is  being  sapped  by  the  constant 
drain  on  her  physical  resources ;  very  easily  the 
patient  slips  from  the  hopefulness  and  sense  of 
energy  of  the  puerperium  to  a  state  of  depres- 
sion and  annoyance. 

For  those  who  take  a  broad  view  of  these 
insanities,  and  understand  the  manifold  factors 
to  be  taken  into  consideration,  I  would  cite 
these  as  very  significant  facts — that  the  risk  of 
insanity  is  increased  in  cases  where  morning 
sickness  has  been  intractable,  or  where  uraemia 
has  been  considerable ;  in  those  also  in  which 
the  puerperal  processes  have  gone  septic,  and 
in  the  mothers  of  illegitimate  children.  These 
facts  severally  illustrate  the  importance  of 
starvation,  of  auto-intoxication,  of  auto-infection, 
and  of  worry  in  the  production  of  insanity  at 
this  period.  I  have  dwelt  disproportionately 
upon  this  aspect  of  the  subject  because  it  is  of 
the  utmost  importance  in  treatment.  To 
manage  his  cases  properly  from  the  point  of 
view  of  preventing  insanity,  the  practitioner 
must,  if  he  has  a  pregnant  patient  who  is  of  a 
neui'otic  type,  and  especially  if  her  heredity  or 
her  history  makes  him  afraid  lest  insanity 
supervene,  he  must  have  regard  to  conditions 
which  deprive  the  patient  of  sufficient  nourish- 
ment, to  those  which  poison  her,  whether  by 
non-bacterial  or  by  bacterial  products,  and  to 
those  which  add  to  the  already  great  mental 
strain  of  the  occasion. 

The  pathology  of  these  insanities  is  indeter- 
minate. Of  the  acute  forms — for  instance,  an 
acute  melancholia  of  pregnancy  or  an  acute 
mania  of  puerperium — the  histological  appear- 
ances would  likely  be  proliferative  and  degener- 
ative changes  in  the  endothelial  elements  of  the 
membranes,  connective  tissue  proliferation  in 
the  adventitia,  and  infiltration  with  leucocytes 
in  the  vessel  walls,  and  especially  primary  de- 
generation of  the  cortical  nerve-cells,  varying 
with  the  gravity  of  the  case,  both  in  its  degree 
and   in   the  extent  of  its  distribution.  One 
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would  also  find  in  these  acute  cases  after  death 
intense  congestion  of  the  cerebral  tissue  in  areas 
and  softening  patches.  These  appearances, 
however,  are  common  in  all  acute  insanities. 
The  topical  pathology  is  all-important,  and  we 
know  nothing  of  it ;  yet  there  must  be  some 
physical  counterpart,  for  example,  of  the  almost 
constant  change  in  appetite  and  aiTections  which 
characterise  these  insanities.  Also,  the  chemical 
pathology  is  miknown ;  the  products  of  para- 
digestion  which  presumably  occur  in  the  dys- 
pepsia of  pregnancy,  the  toxins  which  are  de- 
veloped in  the  stomach  and  bowels,  the  bacteria 
and  their  products  which  develop  either  gener- 
ally or  locally  in  such  cases,  are  not  distinctive. 
It  is  their  pi-esence  in  the  organism,  along  with 
the  almost  constant  nervous  conditions  of  these 
cases,  which  determine  their  characteristic 
results.  In  short,  the  insanities  of  pregnancy 
are  to  be  regarded  as  occasioned  by  malnutrition 
— by  inanition,  or  by  toxaemia,  or  by  both, 
occurring  in  nervous  subjects  at  a  time  when 
they  are  already  subjected  to  the  strain  of 
nervous  developments  characteristic  of  incipient 
or  actual  motherhood.  As  we  shall  see,  these 
factors  can  and  should  be  dealt  with  in  treat- 
ment, especially  in  its  preventive  aspect. 

2.  Clinical  Varieties. — All  the  insanities 
of  pregnancy  may  be  said  to  show  mental 
exhaustion  in  the  early  stage — a  weariness  of 
the  rational  functions  and  of  the  affections. 
In  the  insanity  of  pregnancy  and  in  that  of 
lactation  the  development  is  usually  one  of 
melancholia.  In  puerperal  insanity  the  con- 
dition rapidly  develops,  as  a  rule,  into  an  acute 
mania  of  the  delirious  type.  Most  cases  show 
a  well-marked  perversion  both  of  sexual  desire 
and  of  the  conjugal  and  maternal  affections. 
One  would  expect  that  during  pregnancy  the 
capacity  for  sexual  pleasui-e  should  diminish, 
but  it  is  fortunately  not  normal  that  an  intense 
loathing  of  the  idea  of  sexual  converse  or  a 
perverted  appetite  for  vagrant  indulgence 
should  develop ;  yet  these  are  common  to 
pregnant  women  who  become  insai:ie.  Similarly, 
it  is  usual  for  the  mother  to  turn  against  her 
husband  or  her  child,  and  quite  frequently  she 
finds  some  fantastic  substitute  for  the  affection 
with  which  she  has  parted.  Most  cases  are 
prone  to  impulses  of  a  violent  kind,  and  often 
towards  those  to  whom  she  is  normally  most 
attached.  There  is  nearly  always  confusion  as 
to  time  and  place  and  people,  and  a  gradual 
loss  of  the  sense  of  identities.  Nearly  every 
case  manifests  disturbances  of  sensory  im- 
pressions, is  beset  by  parsesthesias,  or  by 
illusions  which  to  her  disordered  judgment 
seem  fit  reason  for  the  delusions  of  misfortune 
or  of  grandeur  which  supervene. 

(a)  The  insanity  of  iwegnancy  is  the  least 
frequent  of  the  three  varieties  now  considered. 
But,  in  my  experience,  many  lactational  cases 
have  begun  during  pregnancy,  and  have  merely 


been  tided  over.  The  seventh  month  is  rather 
more  critical  than  the  others,  and,  if  the  patient 
goes  past  that,  and  if  no  septic  development 
occurs  in  the  puerperium,  nothing  serious  may 
happen  until  well  on  in  lactation.  It  may 
safely  be  said  that  all  cases  begin  with  mental 
depression,  and  the  melancholia  will  continue 
and  be  a  feature  of  the  case  unless  some  gross 
neglect  of  bodily  functions,  some  sudden  shock 
or  some  acute  illness,  precipitate  the  case  and 
lead  to  mania.  The  usual  case  becomes  in- 
different and  apathetic,  and  a  considerable 
number  become  stuperose.  A  very  large  pro- 
portion become  suicidal,  and  a  considerable 
number  have  impulses  of  a  homicidal  nature. 
In  nearly  all  melancholias  of  pregnancy  the 
sensibility  of  the  patient  will  be  found  reduced, 
and  developments  towards  parsesthesias — per- 
verted skin  sensations,  or  tactual,  or  olfactory, 
or  gross  feelings  of  "  internal  disease " — are 
common. 

(6)  Insanity  of  the  Puerperinm.  —  This  is 
perhaps  the  most  dramatic,  because  the  most 
sudden  and  demonstrative,  of  all  insanities. 
After  a  difficult  pregnancy  and,  from  the 
obstetrical  point  of  view,  an  unsatisfactory 
puerperium,  the  patient  rapidly  becomes 
delirious.  Her  appetite  for  food  ceases,  she 
passes  an  insufficient  amount  of  urine,  she 
becomes  constipated,  the  lochia  are  inhibited, 
the  patient  has  gone  septic.  It  is  not  merely 
a  local  disorder :  the  whole  system  is  obviously 
toxic.  The  mental  accompaniments,  after  a 
more  or  less  brief  stage  of  depression,  are  that 
the  mother  ceases  to  be  careful  about  her  child, 
ignoi-es  her  husband,  is  perverse  in  her  temper, 
and  more  and  more  unmanageable,  until  manifest 
delirium  with  rise  of  temperature  supervenes. 
The  case  rapidly  develops,  and  takes  on  the 
characters  of  acute  delirious  mania,  but  with 
a  shallower  delirium,  that  is,  a  slighter  oblivion, 
than  in  other  comparable  states.  For  example, 
the  patient  will  dance,  and  sing,  and  shout, 
and  her  expressions  of  delight  or  of  excited 
activity  will  increase  in  response  to  stimulation. 
She  will  probably  recognise  her  husband  and 
repel  him  ;  at  the  same  time  she  will  rush  into 
the  arms  of  her  medical  attendant  or  of  a 
stranger.  Her  violence  will  be  destructive, 
and  she  will  throw  her  child  across  the  room 
as  readily  as  she  will  throw  a  cushion.  No 
form  of  insanity  better  illustrates  the  evolution 
of  insane  energy ;  from  the  pulse,  the  appear- 
ance, the  feel  of  the  muscles,  one  would  expect 
collapse  ;  and  yet  the  violent  exertions  con- 
tinue. Then  comes  exhaustion,  and  the  patient 
lies  prostrate,  roused  only  by  fugitive  pains 
or  hallucinations,  stimulated  by  vigorous 
attempts  at  feeding  or  by  the  necessities  of 
nursing,  sleeping  fitfully  or  not  at  all,  rambling 
in  a  muttering  fashion  if  her  voice  is  not  too 
hoarse  and  her  mouth  not  too  dry  for  articula- 
tion.   It  may  be  some  days  before  this  stage 
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of  prostration  arrives,  several  days  longer 
before  recuperation  begins,  and  it  may  be 
weeks  before  the  patient  is  quiet  and  sensible ; 
but  the  chances  are  that  she  will  recover. 

(c)  Insanity  of  Lactation. — This  form  is  com- 
moner than  the  insanity  of  pregnancy,  though  it 
may  be  that  the  development  of  urgent  symptoms 
has  been  postponed  for  months ;  and  it  is  not 
so  common  as  the  insanity  of  the  puerperium. 
It  is  an  insanity  of  physical  exhaustion,  the 
result  of  continued  depletion.  It  usually 
occurs  in  patients  who  have  been  suckling  for 
more  than  six  months.  The  typical  variety 
is  a  slow  melancholia  with  delusions,  and  with 
impulses  often  following  obsession ;  but  any 
grave  occasion  may  determine  an  acute  develop- 
ment either  towards  stupor  or  towards  mania. 
Many  cases  are  suicidal  and  many  are  infanticidal. 
From  apathy  about  things  in  general  the  patient 
develops  in  the  direction  of  neglect  of  her 
person,  of  the  work  of  the  household,  and  of 
the  needs  of  her  child.  Her  spirit  is  broken, 
her  judgment  lost,  her  self-control  vanishing, 
and,  if  the  disease  be  not  arrested,  she  will 
suffer  a  deep  melancholia,  with  gross  delusions 
of  a  fearful  kind  and  very  dangerous  impulses. 
I  would  draw  attention  to  the  physical  state  of 
these  patients.  It  becomes  a  veritable  cachexia. 
The  pallid  and  perhaps  icteric  complexion,  the 
sunken  eyes  and  dilated  pupils,  the  hollow 
cheeks,  the  wasted  limbs  and  listless  move- 
ments, suggest  a  pernicious  anaemia,  a  diabetes, 
or  an  advanced  phthisis.  Yet  in  these  oases, 
again,  recovery  is  the  rule. 

It  need  hardly  be  said  that  departures  from 
these  types  are  A'ery  common.  The  last  case 
that  came  under  my  observation  was  not  at  all 
like  any  of  the  varieties  described.  A  young 
mother  who  had  had  a  trying  pregnancy,  and 
who  had  suffered  a  severe  shock  towards  the 
end  of  it,  just  succeeded  in  surviving  puerperal 
delirium,  but  about  the  tenth  day  after  delivery 
suffered  a  sudden  impulse  to  injure  her  child 
with  scissors,  and  then  swooned.  Thereafter 
she  was  beset  for  weeks  with  an  obsession  of 
blood ;  saw  drops  of  it  on  every  white  surface 
she  looked  at,  and,  if  her  attention  was  not 
briskly  employed,  imagined  patches  or  streams 
of  it  in  front  of  her.  She  was  separated  from 
her  child,  carefully  watched,  generously  fed, 
had  tonics  and  open  air  exercise,  and  made  an 
excellent  recovery.  She  has  had  a  second  child 
without  any  untoward  development.  Such  an 
exaggeration  of  the  imaginative  or  delusional 
elements  may  occur  in  any  of  these  insanities. 
Though  melancholia  is  commoner,  a  pregnant 
insanity  may  go  on  to  a  deep  stupor,  or  it  may 
quite  early  develop  into  a  mania.  The  same  is 
true  of  lactational  insanity,  and  especially  of 
cases  which  occur  in  the  early  weeks,  and  which 
partake  of  the  puerperal  character.  On  the 
other  hand,  melancholia  may  persist  as  a  sequel 
of  puerperal  mischief,  or  the  patient  may  con- 


tinue for  weeks  in  a  condition  of  mild  mania 
characterised  by  delusions  of  grandeur. 

3.  Treatment,  Management,  and  Prognosis. 
— These  insanities  are  the  most  recoverable  of 
all.  The  prognosis  depends  upon  the  heredity 
of  the  case,  still  more  upon  its  history  and 
especially  upon  the  occurrence  of  previous 
attacks,  most  of  all  upon  the  management  and 
treatment  of  the  patient.  But,  in  any  case,  70 
to  80  per  cent  of  such  cases  recover.  In  the 
acute  puerperal  cases  collapse  and  death  are  to 
be  feared,  while  in  the  other  varieties  the  fear 
is  rather  that  the  patient  will  live  on  into 
dementia. 

As  to  treatment,  I  would  emphasise  the  im- 
portance of  prophylaxis ;  and  that  comes  to  be 
a  question  of  the  management  of  pregnancy  and 
of  the  puerperium.  I  would  remark  that  very 
few  such  good  opportunities  occur  to  the  practi- 
tioner of  earning  the  gratitude  of  his  patient, 
as  when  he  successfully  pilots  a  tender  woman 
of  an  insane  predisposition  through  the  physi- 
cal and  emotional  distresses  of  child-bearing, 
and  brings  her  safe  into  a  sane  motherhood. 
And  I  would  submit,  with  deference,  that  both 
the  general  practitioner  and  the  professed  ob- 
stetrician might  make  more  of  such  oppor- 
tunities. It  would  be  well  if  the  practitioner, 
when  he  has  booked  a  case  for  delivery  at  a 
specified  date,  Avhen  he  has  satisfied  himself 
as  to  the  pregnancy,  when  he  has  learned 
the  history  of  previous  confinements,  if  any, 
and  when  he  has  approximately  gauged  the 
diameters,  it  would  be  well  if  he  would  have 
minute  regard  to  digestion  and  excretion  in  the 
case,  to  hygienic  necessities,  and  would  take 
reasonable  precautions  to  preclude  undue  anxiety 
ai^d  worry.  Morning  sickness,  for  example,  un- 
less it  actually  threatens  the  patient's  life,  is 
still  regarded  as  an  incident  hardly  worth 
notice ;  constipation  seems  to  be  the  rule ;  one 
rarely  hears  of  the  systematic  dieting  of  preg- 
nant women  ;  and  very  few  rules  seem  to  be 
enjoined  as  to  fresh  air  and  exercise.  Simi- 
larly, there  is  no  instruction  of  the  patient 
concerning  the  emotional  and  imaginative  de- 
velopments which  she  may  expect ;  she  is  still 
allowed  to  believe  that  "  maternal  impressions  " 
may  have  a  serious  effect  upon  her  offspring ; 
she  is  not  warned  that  apprehensions  and  silly 
suspicions  are  sure  to  arise  in  her  mind,  and 
that  she  is  to  regard  them  as  symptoms ;  and 
but  little  is  done  in  the  case  of  illegitimate 
pregnancies  to  moderate  the  rigours  of  a  too 
severe  public  opinion.  Prophylactic  measures 
are  especially  called  for  in  these  days  of  city 
life.  It  might  be  an  exaggeration  to  say  that 
when  a  woman  conceives  she  enters  upon  an 
abnormal  state  which  requires  a  careful  treat- 
ment, as  if  she  had  incurred  a  disease  of  nine 
months'  inception ;  but  it  is  true  that,  as 
women  now  live,  pregnancy  is  a  condition  which 
calls  for  a  most  careful  regulation  and  exercise 
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of  all  the  bodily  functions,  and  a  corresponding- 
attention  to  mental  hygiene.  There  ought  to  be, 
throughout  the  pregnancy  of  a  nervous  woman, 
a  scrupulous  care  of  diet,  periodic  investigation 
into  the  condition  of  the  alimentary  tract,  the 
liver,  the  kidneys,  and  the  skin,  and  a  system- 
atic mode  of  life  prescribed,  which  will  ensure 
much  more  than  the  usual  amount  of  fresh  air, 
and  not  much  less  than  the  usual  amount  of 
recuperative  exercise.  If  these  precautions  be 
taken,  and  dangerous  developments  corrected, 
even  unlikely  cases  would  be  safely  got  through. 
Moreover,  it  is  only  by  some  such  method, 
approaching  that  of  the  paternal  type  of 
family  doctor,  that  the  signs  of  incipient  mental 
derangement  can  be  observed  and  a  grave  de- 
velopment obviated. 

If  insanity  of  a  fairly  pronounced  type  has 
occurred,  the  first  questions  are  those  of  manage- 
ment— where  to  treat  the  case,  and  in  what 
kind  of  general  conditions.  It  goes  without 
saying  that  the  patient  must  be  as  healthily 
conditioned  as  possible,  that  she  must  have  as 
good  air  and  as  good  food  as  circumstances 
permit.  But  she  must  also  be  carefully  guarded. 
If  her  symptoms  are  aggravated  by  the  life  of 
her  home  she  must  be  removed,  though  prefer- 
ably not  to  an  asylum.  In  any  case  she  must 
have  constant  companionship ;  and  if  at  home, 
the  companion  must  not  be  one  who  will  excite 
her  jealousy,  either  concerning  her  husband  or, 
if  she  has  any,  her  other  children.  She  must 
have  long  hours  of  rest  in  bed  in  a  very  airy 
and  bright  room,  and  she  should,  unless  local 
conditions  forbid  it,  have  exercise  in  the  open 
air,  bedroom  gymnastics,  or  massage. 

In  the  insanity  of  the  puerperium,  and  in 
that  of  lactation,  the  patient  should  be  separated 
from  her  child  and  from  her  husband.  Many 
puerperal  cases  lend  themselves  to  home  treat- 
ment. The  conditions  to  be  treated  are  the 
pelvic,  the  disordered  digestion,  and  the  mental 
excitability.  Vaginal  douching  and  uterine 
douching,  when  necessary,  should  be  made  use 
of  as  freely  as  if  the  patient  were  not  insane, 
and  her  tendency  to  misinterpret  these  measures 
should  be  ignored.  The  mouth  should  be  kept 
clean  by  the  use  of  mild  scrubbing  with  medi- 
cated vaseline,  or  an  antiseptic  wash.  Food 
can  be  administered  by  the  tube,  and  a  little 
patience  and  care  will  usually  induce  tolerance 
of  it,  so  that  even  the  stomach  may  be  washed 
out  without  greatly  disturbing  the  patient. 
For  the  muscular  excitement  I  believe  in 
physical  restraint — the  packing  of  the  patient 
for  periods  when  she  is  supposed  to  rest  in 
blankets  bound  round  her  trunk  and  limbs,  and 
enclosed  in  a  mattress  tied  round  with  straps 
or  sheets.  As  to  sedatives,  it  is  the  opinion  of 
most  that  their  use  is  inadvisable  ;  but  that  is 
probably  because  of  the  unsatisfactory  result  of 
continued  doses  of  too  small  a  quantity.  Several 
hours  of  sleep  may  be  obtained  by  the  rectal 


injection  of  paraldehyde  in  brandy  with  warm 
oil.  Begin  with  a  usual  dose,  but  repeat  and 
increase  it,  after  a  few  hours,  if  the  symptoms 
are  favourable,  giving  three  or  four  drachms 
in  half  an  ounce  of  brandy,  along  with  the  oil, 
or  with  soup,  or  peptonised  jelly.  Similarly, 
and  as  an  alternative,  if  the  stomach  tolerates 
liquid  feeding,  give  bromide  in  full  doses, 
working  up  to  a  drachm  every  four  hours 
before  the  patient  acquires  a  tolerance  of  it. 
But  do  not  continue  the  use  of  a  sedative  for 
more  than  thirty-six  or  forty-eight  hours. 

For  the  insanity  of  lactation  the  treatment, 
again,  is  towards  correcting  the  physical  factors 
— by  weaning  the  child,  and  building  up  the 
depleted  tissues — removing  the  patient  from  the 
home  environment  which  has  exhausted  her, 
and  making  herself,  her  husband,  and  her  child 
safe  from  her  violent  impulses. 

v.— SARCOMA-DECIDUO-CELLULARE 
OR  DECIDUOMA  MALIGNUM 
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On  the  16th  July  1888,  at  a  meeting  of  the 
Leipzig  Obstetrical  Society,  Professor  Sanger 
made  a  communication  upon  "  two  uncommon 
cases  of  abortion  " ;  one  of  these  cases  was  the 
first  recorded  example  of  the  disease  which  we 
have  now  to  consider.  Since  then  nearly  100 
cases  have  been  recorded  and  a  considerable 
literature  has  accumulated,  from  which  we 
have  learned  that  this  disease  diifers  suflficiently 
from  all  others  hitherto  described  to  justify  its 
separate  consideration.  Observers  are  almost 
unanimous  as  to  its  connection  with  pregnancy, 
its  clinical  features,  pathological  appearances, 
and  appropriate  treatment,  but  they  differ  in 
their  views  as  to  its  histogenesis. 

The  case  reported  by  Sanger  was  so  typical 
of  the  entire  group  of  recorded  cases,  that  I 
think  a  resunie  of  it  will  serve  as  an  introduction 
better  than  any  mere  definition. 

The  patient  was  a  young  married  woman, 
aged  23,  who  aborted  at  the  eighth  week  in 
consequence  of  a  fall  from  a  railway  carriage. 
The  abortion  was  incomplete,  and  ha3morrhage 
continued  for  three  weeks.  In  the  fourth 
week  the  discharge  became  foetid,  and  Sanger 
was  called  in.  He  found  the  patient  very 
ansemic,  with  symptoms  of  septic  absorption 
and  putrefaction  of  the  uterine  contents.  The 
uterus  was  thoroughly  cleared  out,  hemorrhage 
and  discharge  ceased,  and  the  temperature 
became  normal ;  the  pulse,  however,  continued 
to  be  over  100,  and  recovery  was  so  slow  that 
she  did  not  leave  her  bed  for  five  months.  Her 
protracted  convalescence  was  attributed  to  a 
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small  exudation  in  the  left  parametrium.  An 
enlargement  of  the  uterus  was  also  observed, 
but  was  supposed  to  be  due  to  subinvolution. 
She  had  not  long  left  her  bed  when  she  was 
obliged  to  return  to  it  again  in  consequence  of 
fever  and  pains  in  the  right  hypogastrium, 
where  a  tumour  as  large  as  a  goose  egg  had 
formed  in  the  neighbourhood  of  the  iliac  crest. 
It  was  soft  and  tender,  and,  being  supposed  to 
be  an  abscess,  was  incised,  but  no  pus  escaped. 
It  consisted  of  a  soft  spongy  substance,  of  which 
about  a  handful  was  removed,  leaving  a  cavity  at 
the  bottom  of  which  lay  the  bare  and  roughened 
bone.  On  microscopic  examination  this  tissue 
showed  large  multinucleated  round  cells,  with 
spindle  cells  and  numerous  apoplexies.  Soon 
after  this  operation  pulmonary  symptoms  set  in, 
with  cough  and  dyspnoea,  and  she  died  seven 
months  from  the  commencement  of  her  illness. 

On  post-mortem  examination  the  uterus  was 
found  to  be  infested  with  dark  purple-red 
spongy  nodules  varying  in  size  from  that  of  a 
walnut  to  that  of  a  large  apple.  The  mucous 
membrane  was  smooth  and  nowhere  perforated 
by  the  growths  ;  metastases  were  found  in  the 
iliac  fossa,  lungs,  diaphragm,  and  ribs.  The 
left  lung  was  compressed  by  a  hsematothorax  ; 
microscopic  examination  of  the  uterine  tumours 
showed  numerous  apoplexies,  large  nucleated 
round  cells,  and  cells  resembling  decidual  giant 
cells,  suggesting  the  idea  that  here  was  a  new 
growth  of  the  decidua  belonging  to  the  group 
sarcomata  which  had  never  before  been  described. 

Clinical  Features. — The  clinical  features  of 
this  disease  are  thus  summed  up  by  Sanger  : — 

1.  A  birth,  abortion,  or  hydatidiform  mole 
followed  by — 

2.  Constant  or  repeated  haemorrhages. 

3.  After  this,  and  generally  following  an  ex- 
amination or  intra-uterine  manipulation,  putrid 
discharges  with  fever. 

4.  Increasing  size  and  irregular  shape  of  the 
uterus. 

5.  Rapidly  progressing  and  towards  the  close 
intensely  marked  anaemia. 

6.  Recognisable  metastases,  especially  in  the 
vagina. 

7.  Cough,  dyspnoea,  bloody  expectoration,  and 
other  symptoms  of  pulmonary  metastases  and 
haematothorax. 

8.  Rapid  course  of  the  disease,  which  usually 
proves  fatal  within  six  or  seven  months. 

The  first  point  of  importance  is  the  connec- 
tion of  this  disease  with  pregnancy ;  in  almost 
all  recorded  cases  it  has  come  on  after  an  abor- 
tion hydatidiform  mole,  or  very  rarely  after 
delivery  at  term.  In  about  half  the  cases  it  has 
followed  the  expulsion  of  a  hydatidiform  mole — 
a  remarkable  fact  of  much  importance  with 
regard  to  its  etiology.  The  second  point  is 
haemorrhage,  which  either  continues  after  the 
expulsion  of  the  ovum  or  commences  shortly 
afterwards.    In  a  few  cases  it  did  not  occur  for 


a  considerable  time,  and  in  one  i-ecorded  by 
Whitridge  Williams  it  was  altogether  absent,  the 
first  evidence  of  the  disease  being  metastatic 
deposits  in  the  vagina  and  lungs.  In  the 
majority  of  cases,  however,  it  is  the  most  pro- 
minent symptom,  so  that  the  patient  soon  be- 
comes profoundly  anaemic.  The  surface  is  pale, 
and  in  places  slightly  oedematous ;  the  face 
especially  assumes  a  pallid,  icteric,  cachectic 
appearance. 

When  the  tumour  sloughs  the  discharge  be- 
comes offensive  and  septic  fever  sets  in.  It  is 
therefore  of  the  utmost  importance  to  observe 
the  strictest  antiseptic  precautions  in  dealing 
with  tliese  cases. 

On  physical  examination  the  uterus  is  found 
enlarged,  often  irregular  in  shape,  and  in  some 
cases  the  os  is  sufficiently  dilated  to  admit  a 
finger,  in  which  case  the  growth  may  be  directly 
felt. 

The  course  of  the  disease  is  one  of  marked 
malignancy ;  in  fact,  it  is  the  most  rapidly  fatal 
of  all  malignant  uterine  growths,  death  occurring 
from  haemorrhage,  septic  infection,  or  pulmonary 
complications  within  a  few  weeks,  rarely  months, 
after  the  first  symptoms  have  been  observed. 

Pathological  Anatomy. — The  uterus  is  usually 
found  infested  with  new  growths,  varying  in 
size  and  colour,  but  generally  of  a  dark  purple- 
red.  They  involve  the  muscular  tissue  of  the 
uterus,  so  the  peripheral  margin  is  ill  defined, 
and  after  removal  the  uterine  wall  appears 
thinned.  The  growth  is  soft  and,  where  not 
coloured  with  blood,  of  a  greyish-red  hue ;  it 
closely  resembles  placental  tissue  in  its  irregular 
fissured  surface,  its  fibrous  appearance  on  section, 
extreme  vascularity  and  numerous  apoplexies, 
but  it  is  much  softer  and  more  friable,  and  its 
uterine  surface  shows  a  remarkable  tendency  to 
slough. 

Microscopically  these  growths  are  composed 
of  a  fibrous  reticulum  presenting  an  alveolar  and 
cavernous  structure  containing  numerous  apo- 
plexies, two  varieties  of  cellular  elements,  and 
sometimes  chorionic  villi,  but  no  glands,  blood- 
vessels, or  lymphatics.  The  two  varieties  of 
cells  contrast  remarkably.  The  one  are  large 
individual  cells  varying  from  round  or  polygonal 
to  spindle  shape,  the  nuclei  are  large,  and  the 
outline  of  their  cell  protoplasm  is  clearly  defined; 
they  resemble  Langhans'  cells.  The  others  are 
protoplasmic  masses  of  various  shape  which 
contain  a  number  of  irregularly  shaped  nuclei 
rich  in  chromatin,  but  with  no  line  of  separation 
between  the  cells,  and  resemble  the  syncytial 
layer  which  forms  the  superficial  covering  of  the 
chorionic  villi.  Both  varieties  of  elements  show 
a  marked  tendency  to  retraction  of  their  proto- 
plasm and  vacuolation ;  mitotic  figures  ai'e  fre- 
quently observed  in  the  cells,  but  nowhere  in  the 
protoplasmic  masses. 

Metastases  are  generally  found  in  the  vagina, 
lungs,  and  other  parts,  and,  as  a  rule,  present 
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the  same  appearances  as  the  primary  disease ; 
but  Pick  and  Schmorl  have  shown  that  metas- 
tatic growths  are  not  always  malignant,  and 
also  that  there  have  been  cases  in  which  typical 
chorio-epitheliomatous  growths  have  been  found 
in  the  vagina,  kings,  liver,  and  other  places, 
causing  the  death  of  the  patient,  and  yet  no 
primary  uterine  growths  could  be  discovered 
(Schmorl,  Schlagenhaufer,  Schmidt). 

Metastases  in  connection  with  such  a  malig- 
nant disease  of  the  uterus  are  easily  understood, 
but  the  occurrence  of  chorio-epitheliomatous 
growths  in  the  vagina  and  elsewhere  with  a 
healthy  uterus  is  not  so  readily  explained. 
Schmorl,  Kossman,  and  J.  Nusmann  supposed 
that  there  must  have  been  a  primary  malignant 
disease  of  the  ovum  which  caused  metastases, 
and  was  subsequently  expelled  without  infecting 
the  uterus ;  but  Pick  and  Gottschalk  considered 
this  most  unlikely,  and  thought  that  more 
probably  the  metastases  were  originally  of  a 
benign  nature,  but  afterwards  underwent  malig- 
nant degeneration.  Schmidt  considers  that  this 
hypothesis  is  borne  out  by  the  length  of  time 
that  intervened  between  delivery  and  the  appear- 
ance of  the  vaginal  growths,  viz.,  in  Schmorl's 
case,  eighteen  weeks  after  delivery  at  term — in 
Schlagenhaufer's,  nine  months  after  an  incom- 
plete abortion — and  in  his  own  case,  three 
months  after  expulsion  of  a  hydatidiform  mole. 

Diagnosis.  —  An  early  diagnosis  is  of  vital 
importance,  and  fortunately  it  is  not  difficult 
provided  careful  clinical  and  microscopic  atten- 
tion be  devoted  to  it.  When  hfemorrhage  occurs 
after  an  abortion  or  molar  pregnancy  the  uterus 
should  always  be  thoroughly  evacuated  by  the 
finger  and  curette,  so  that  one  can  be  certain 
that  everything  has  been  removed  and  a  smooth 
surface  left.  If  after  this  haemorrhage  recurs, 
and  a  second  evacuation  reveals  a  quantity  of 
soft  friable  tissue,  the  case  is  certainly  not  one 
of  simple  abortion,  and  is  in  all  probability  one 
of  deciduoma;  one  must,  however,  be  certain  that 
the  first  curetting  was  thorough  and  complete. 
The  size  and  shape  of  the  uterus  varies,  but  is 
never  below  the  normal,  and  enlargement  of  the 
organ  after  discharge  of  the  ovum  is  of  much 
diagnostic  value.  The  os  is  often  sufficiently 
open  to  admit  the  finger,  but  may  require  arti- 
ficial dilatation.  Soft  masses  of  friable  material 
resembling  placenta  are  then  discovered,  and 
portions  removed  by  the  curette  should  always 
be  submitted  to  microscopic  examination. 

Treatment.  —  Total  extirpation  is  the  only 
method  of  treatment  which  has  hitherto  yielded 
any  benefit,  and  it  is  of  the  utmost  importance 
that  this  operation  should  be  performed  at  the 
earliest  possible  time,  before  the  patient  has 
become  exhausted  by  hfemorrhage,  and  before 
putrefaction  sets  in  or  metastases  have  occurred. 
It  must  not,  however,  be  regarded  as  hopeless, 
even  under  such  unfavourable  conditions,  for 
cases  have  been  reported  by  Chrobak  and  Von 


Franke,  where,  in  spite  of  evidences  of  pulmonary 
embolima,  as  shown  by  bloody  expectoration 
and  other  symptoms,  recovery  has  followed 
operation.  Ltinnberg-Mannheimer  saw  numer- 
ous metastases  in  the  cervix,  introitus  vaginte, 
and  vagina,  yet  the  patient  had  no  return  for 
eighteen  months  after  operation.  Cazin  found 
a  metatasis  in  the  ovary ;  three  years  after  the 
operation  she  was  well.  Schauta  extirpated  a 
metastatic  growth  from  the  vagina  along  with 
the  uterus ;  at  the  time  of  publication  there 
had  been  no  return.  Schlagenhaufer  and 
Schmidt  have  reported  cures  after  the  extirpation 
of  vaginal  growths  only — the  healthy  uterus 
being  left. 

Histogenesis. — According  to  most  observers, 
this  disease  is  always  connected  with  and  is  prob- 
ably due  to  pregnancy.  The  only  dissentients 
from  this  view  were  Drs.  Eden  and  Kanthack, 
who  stated  at  the  meeting  of  the  London  Obstet- 
rical Society,  in  the  discussion  on  Dr.  Herbert 
Spencer's  case,  that  the  microscopic  appearances 
were  in  no  way  peculiar,  but  similar  to  those 
found  in  sarcomata  in  other  places,  and  that  in 
some  of  the  cases  pregnancy  was  doubtful.  In 
the  discussion  which  followed  Dr.  Haultain's 
communication  to  the  British  Gynsecological 
Society,  however.  Dr.  Eden  stated  that  he  was 
personally  in  full  agreement  with  the  views  of 
J.  Veit  in  the  Handbuch  der  Gynaekologie,  that 
the  disease  was  a  sarcoma  modified  by  the 
occurrence  of  pregnancy.  We  may  therefore 
assume  as  generally  accepted  that  the  disease 
is  in  some  way  due  to  pregnancy.  In  order 
to  understand  the  conflicting  views  as  to  its 
origin  we  must  briefly  recall  the  normal  con- 
dition of  the  tissues  which  it  affects.  The 
placental  villi  consist  of  a  stroma  covered  by 
two  layers  of  epithelium  :  an  inner  called  Lang- 
hans'  layer,  composed  of  individual  cells  with 
a  distinct  cell  wall,  and  an  outer  formed  of 
protoplasmic  masses  without  any  line  of  demar- 
cation, termed  the  syncytium.  These  villi 
penetrate  the  decidua  serotina  and  maternal 
blood-vessels  forming  the  placenta. 

Now  the  disease  which  we  are  considering 
has  been  supposed  by  different  observers  to 
originate  from  each  of  these  structures,  and 
hence  the  varying  nomenclatui'e.  Thus  Sanger 
believes  that  it  originated  in  the  decidua,  and 
he  gave  it  at  first  the  name  of  deciduoma 
malignum,  but  subsequently  he  preferred  to 
call  it  sarcoma -deciduo-cellulare,  because  he 
believed  that  it  originated  in  the  cellular  layer 
of  that  membrane  after  it  had  been  altered  by 
pregnancy.  Gottschalk  believed  that  it  origin- 
ated in  a  case  described  by  him  in  the  stroma 
of  the  villi.  Marchand,  Gebhard,  and  Haultain 
attributed  its  origin  to  the  epithelium  covering 
the  villi,  and  Whitridge  Williams  to  the  outer 
layer  or  syncytium  only,  and  termed  it  carci- 
noma syncytiale,  chorion  epithelioma,  or  blas- 
toma-deciduo-chorion-cellulare. 
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These  authorities  may  therefore  be  divided 
into  those  who  hold  that  the  disease  is  a  sar- 
coma and  those  who  regard  it  as  a  carcinoma. 
Sanger  regarded  it  as  a  sarcoma  of  the  cellular 
layer  of  the  decidua  because  of  the  similarity  of 
structure  in  both,  the  size  and  shape  of  the 
cells,  and  the  presence  of  a  reticulum,  the  only 
difference  being  that  in  the  pathological  cells 
the  nuclei  were  larger  and  the  surrounding 
protoplasmic  ring  narrower.  He  rejected  Veit's 
theoi'y  that  the  disease  was  due  to  the  modifica- 
tion of  a  pre-existing  sarcoma,  because  no  case 
had  been  recorded  of  the  implantation  of  an 
ovum  upon  a  sarcomatous  or  carcinomatous 
endometrium ;  and  he  believed  that  his  claim 
to  the  growth  being  different  from  all  others 
hitherto  described  stood  or  fell  with  its  origin 
during  pregnancy.  Veit,  however,  in  the  newly 
published  Handbuch  der  Gynaekologie,  still  main- 
tains that  the  sarcoma  precedes  the  pregnancy 
and  is  modified  by  it.  He  admits  that  no  case 
has  been  recorded  of  the  implantation  of  an 
ovum  upon  a  carcinomatous  endometrium,  but 
in  nodular  sarcoma  the  membrane  resembles 
that  in  myomatous  uteri  ;  and  that  as  preg- 
nancy occurs  in  the  one,  so  it  may  also  in  the 
other.  He  considers  that  it  is  impossible  to 
regard  all  the  protoplasmic  masses  as  true 
syncytium  derived  from  the  outer  layer  of  the 
villi,  but  rather,  as  it  has  been  shown,  that  in 
normal  pregnancy  other  cells,  such  as  the 
epithelium  of  the  lining  membrane  of  the  uterus, 
and  especially  of  its  glands,  often  take  on  a 
syncytial  form,  and  therefore  syncytium  in  the 
wider  sense  cannot  be  regarded  as  a  distinct 
tissue,  but  as  a  stage  in  the  development  of 
certain  cells.  So  a  sarcoma  may  under  the 
influence  of  pregnancy  come  to  resemble  syn- 
cytium ;  and  since  foetal  elements  are  not 
always  found  in  these  cases,  they  cannot  be 
regarded  as  the  chief  characteristic  ;  but  as 
masses  resembling  syncytium  are  the  rule,  the 
disease  should  be  regarded  as  a  process  in  which, 
under  the  influence  of  pregnancy,  certain  cells 
take  on  a  syncytial  character.  Hydatidiform 
moles,  so  frequently  associated  with  deciduoma, 
are  not  the  cause  but  the  result  of  uterine 
disease  ;  and  regarding  deciduoma  in  a  similar 
manner,  the  primary  disease  is  to  be  sought  for 
in  the  uterus. 

In  fibro-sarcomata  the  uterine  mucous  mem- 
brane is  in  a  condition  resembling  that  in  myo- 
mata,  in  which  pregnancy  often  occurs,  and  so 
it  may  in  sarcomata ;  but  under  the  influence 
of  pregnancy  the  growth  undergoes  changes, 
and  its  cells  assume  a  syncytial  character. 
Under  the  influence  of  the  growth,  pregnancy 
may  be  disturbed  or  ended,  a  hydatidiform  mole 
develop,  or  it  may  go  to  term.  At  the  birth 
the  entire  ovum  may  be  expelled,  or  a  villus  or 
villous  epithelium  retained  grows  into  the  veins 
and  is  carried  into  the  circulation,  causing 
metastases ;  in  either  case  the  tumour  goes  on 


growing  and  leads  to  a  fatal  termination.  The 
disease  remains  the  same  whether  it  does  or 
does  not  contain  foetal  elements,  the  latter  being- 
accidental.  The  essentials  are  the  original 
uterine  disease  and  the  occurrence  of  pregnancy, 
under  the  influence  of  which  the  syncytial 
changes  in  the  growth  occur. 

Gottschalk,  in  1892,  described  a  case  in  which 
the  stroma  of  the  villi  was  changed  into  a 
structure  formed  entirely  of  large  polymorphous 
cells,  whose  epithelial  covering  showed  a  re- 
markable proliferation  ;  he  regarded  the  disease 
as  a  sarcoma,  and  believed  that  it  originated  in 
the  stroma  of  the  villi.  This  case  was  the  first 
in  which  the  disease  was  diagnosed  and  the 
uterus  extirpated  during  the  patient's  life. 

The  majority  of  pathologists  regard  this  dis- 
ease as  of  epithelial  origin,  and  therefore  a  carci- 
noma ;  foremost  amongst  whom  is  Marchand, 
whose  writings  have  done  much  to  elucidate  its 
pathology,  and  especially  its  connection  with 
hydatidiform  mole.  In  an  elaborate  paper, 
beautifully  illustrated,  which  he  read  before  the 
British  Gynjecological  Society  in  June  1899,  Dr. 
Haultain  warmly  advocated  Marchand's  views, 
and  stated  that  the  chain  of  evidence  in  favour 
of  this  new  growth  being  of  epithelial  origin 
had  to  his  mind  no  weak  link.  The  structural 
appearances,  the  physiological  prototype  of  the 
young  villi,  and  the  interesting  association  with 
myxoma  of  the  chorion,  which  it  closely  resembles 
anatomically,  physiologically,  and  pathologically, 
all  serve  to  prove  that  it  is  of  epithelial  origin. 

It  would  be  impossible  in  the  present  state  of 
our  knowledge  to  say  which  of  these  views  is 
the  correct  one. 

[Marchand's  views  are  now  generally  accepted. 
It  is  believed  that  both  the  syncytium  and 
Langhans'  layer  of  cells  are  foetal  in  origin,  and 
that  on  this  account  the  term  deciduoma  is 
incorrect.  The  name  chorio-epithelioma  is  now 
generally  accepted  as  more  correctly  indicating 
the  nature  and  origin  of  this  malignant  growth. 
New  problems  have  arisen  in  connection  with 
this  curious  pathological  development,  viz.  the 
relation  to  it  of  lutein  cysts  of  the  ovary,  and 
the  meaning  of  the  occurrence  of  a  similar 
growth  in  the  male  subject  as  a  metastasis  from 
a  teratoma  of  the  testicle.] 

Pulex.  See  Parasites  {Insects,  Diptera, 
Pulex  irritans) ;  Skin  Diseases  op  the  Tropics 
{Animal  Parasites,  Pulex  penetrans) ;  Stinging 
Insects  {Pulex  irritans). 

Pullna.  See  Balneology  {Austria- 
Hungary,  Sulphated  Waters). 

Pulmonary.  —  Belonging  to  the  lungs 
(Lat.  pubno,  a  lung),  e.g.  pulmonary  embolism, 
pulmonary  fibrosis,  pulmonary  ttiberculosis,  etc.  ; 
or  to  the  pulmonary  valves  of  the  heart,  e.g. 
pulmonary  incompetence,  pulmonary  stenosis,  etc. 
See  Lungs,  Diseases  of,  and  Cross  References.  See 
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also  Breath  {In  Pulmonary  Gangrene) ;  Haemop- 
tysis ;  Heart,  Congenital  Malformations  {Pul- 
monary Atresia,  etc.) ;  Heart,  Myocardium  and 
Endocardium  {Affections  of  Pulmonary  Valves, 
Pulmonary  Embolism)  ;  etc. 

Pulp.    See  Teeth  {Diseases  of  the  Pulp). 

Pulpitis. — Inflammation  of  the  tooth- 
pulp.  See  Teeth,  Diseases  {Acute  and  Chronic 
Pulpitis). 

Pulsatilla. — A  herb  belonging  to  the 
Natural  Order  of  the  Ranunculacece,  official  in 
the  U.S.  Pharmacopoeia ;  it  contains  an  oil 
which  has  a  poisonous  crystalline  principle,  ane- 
monine  (Cj^HjoO,,)  and  anemonic  acid  {C-^^^^O^) ; 
Pulsatilla  has  been  used  in  the  treatment  of 
amenorrhoea,  dysmenorrhoea,  bronchitis,  etc.,  in 
doses  of  from  2  to  3  grains  of  the  powder. 

Pulsation.  See  Pulse  {Heart  Movements, 
Epigastric  Pulsation) ;  Aneurysm  {Signs  and 
Symptoms,  Expansile  Pulsation)  ;  Aorta, 
Thoracic,  Aneurysm  and  Dilatation. 


Pulse,  The. 
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Arterial  Blood  Pressure  .  .  .  390 
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Pressure  in  Man      ....  392 
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See  also  Aneurysm  {Arterio-venous  Inter- 
com7nunicatio7is,  Symptoms) ;  Angina  Pectoris 
{Symptoms,  Pidse) ;  Aorta,  Aneurysm  and 
Dilatation  of  {Symptoms,  Pulse) ;  Arteries, 
Diseases  of  {Pulse  m  various  Diseases) ;  Balne- 
ology ( Effects  of  Baths  on  Pulse) ;  Brain, 
Affections  of  Blood-Vessels  {Treatment  of 
Cerebral  Haemorrhage,  Prevent  High  Tension  of 
Pulse) ;  Brain,  Surgery  of  {Concussion,  Com- 
pression, Pulse)  ;  Brain,  Tumours  of  {Symptoms, 
Pulse) ;  Children,  Development  of  {Clinical 
Examination,  Pulse)  ;  Chlorosis  {SymptoJiis, 
Pulse) ;  Climate  {Effect  07i  Pulse) ;  Heart, 
Myocardium  and  Endocardium  {Physical  Signs, 
Pulse  in  Aortic  Stenosis,  Aortic  Incompetence, 


Mitral  Stenosis,  etc.) ;  Hypnotism  {Experimental, 
Phenomena,  Changes  in  the  Pulse);  Labour, 
Stages  and  Duration  {Second  Stage,  Constitu- 
tional Symptoms) ;  Lung,  Tuberculosis  of 
{Complications,  Circulatory) ;  Mediastinum 
{Mediastinitis,  Symptoms,  Pulse) ;  Meningitis, 
Epidemic  Cerebro-Spinal  {Symptoms,  Pulse) ; 
Meningitis,  Tuberculous  {Symptoms,  Pulse) ; 
Nephritis  {Chronic,  Circulatory  Symptoms) ; 
New-born  Infant  {Physiological  Peculiarities, 
Pulse) ;  Pericardium,  Diseases  of  {Acute 
Pericarditis,  Pulse)  ;  Peritoneum,  Acute  Peri- 
tonitis {Symptoms,  Pulse) ;  Physiology,  Cir- 
culation ;  Pneumonia,  Clinical  {Pulse) ;  Preg- 
nancy, Diagnosis  of  {Foetal  Pulse) ;  Pubrperium, 
Physiology  {Pulse) ;  Sclerema  Neonatorum 
{Pulse) ;  Typhoid  Fever  {Symptoms,  Pulse). 

Introductory. — The  older  physicians  placed 
great  reliance  upon  the  sensation  communicated 
to  the  finger  by  the  pulse.  The  Arabian  and 
Moorish  physicians  recognised  its  importance, 
and  our  Celestial  brethren  pretended  to  be  able 
to  distinguish  upwards  of  three  thousand 
varieties  of  pulse.  The  Chinese  even  professed 
their  ability  to  distinguish  the  sex  of  the  fcetus 
in  ufero  by  feeling  the  pulse  of  the  mother. 

Before  the  introduction  of  the  clinical  ther- 
mometer the  value  of  the  pulse  in  diagnosis  and 
prognosis  was  fully  appreciated,  and  at  the 
present  day  its  examination  is  even  more  in- 
structive, because  the  information  obtained  can 
often  be  usefully  compared  with  the  temper- 
ature. 

In  the  present  article  it  is  proposed  to  con- 
sider some  aspects  of  the  subject  which  may 
prove  of  interest  and  value  to  the  general 
practitioner. 

It  is  a  good  rule  to  always  make  a  point  of 
feeling  both  radial  pulses.  The  superficialis 
volfe  branch  may  sometimes  become  the  main 
trunk  of  the  radial  artery,  and  then  the  greatest 
pulsation  will  be  found  over  the  dorsal  aspect 
of  the  thumb.  When  this  abnormality  exists 
there  is  a  very  feeble  pulse  in  the  usual  situa- 
tion, and  this  may  mislead  the  unwary.  A  real 
difference  in  the  radial  pulse  of  the  two  sides 
may  suggest  the  presence  of  an  aneurysm  or 
intra-thoracic  tumour. 

The  Examination  of  the  Pulse  by  the 
Finger. — There  are  a  number  of  characters  in 
the  pulse  which  can  be  appreciated  quite  well 
without  apparatus — others  require  instrumental 
investigation.  When  the  radial  pulse  is  felt, 
the  physician  first  of  all  takes  note  of  its  fre- 
quency.  But  its  character  is  of  much  greater 
significance.  Thus  the  finger  must  try  to  gauge 
the  volume  of  each  pulse  wave,  whether  it  is 
large  or  small,  and  it  is  also  important  to  form 
an  impression  as  to  the  manner  in  which  the 
artery  is  filled  by  the  ventricular  systole, 
whether  quickly  or  slowly,  and  how  the  vessel 
wall  collapses  after  impinging  against  the  finger. 
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In  addition,  an  estimate  should  be  made  of  the 
compressibility  of  the  pulse  beneath  the  finger: 
— whether  it  is  soft  or  hard. 

The  rhythm  of  the  pulse  must  always  be 
noted,  whether  it  is  regular  or  irregular,  and 
also  the  character  of  the  arterial  walls,  whether 
they  are  thickened,  atheromatous,  or  unduly 
contracted. 

Frequency  of  the  Pulse 
The  frequency  of  the  pulse  may  be  affected 
by  many  conditions  which,  either  directly  or 
indirectly,  act  upon  the  heart.  To  refer  briefly 
to  the  direct  causes  which  may  influence  the 
heart's  action,  mention  may  be  made  of  the 
state  of  distension  of  the  ventricles.  If  the 
heart  is  well  filled  it  contracts  better,  though 
this  is  also  determined  partly  by  the  state  of 
the  arterial  resistance  ahead.  The  frequency  of 
the  heart-beat  is  closely  related  to  the  condition 
of  the  arteries — dilatation  of  the  vessels  causes 
quickening  of  the  heart,  while  their  contraction 
may  lead  to  marked  slowing. 

The  rate  of  the  beat  is  also  affected  in  a 
striking  manner — increased  or  slowed — by  the 
character  and  quantity  of  the  blood  supplied  to 
the  heart  muscle  through  the  coronary  arteries. 
It  is  highly  important  to  bear  this  in  mind,  for 
the  myocardium  may  suffer  both  from  the 
effects  of  various  toxins  carried  to  it  in  the 
blood  current,  and  also  from  a  simple  deficiency 
of  blood.  As  is  well  known,  the  heart  muscle 
may  be  profoundly  affected  by  the  toxins  of 
many  of  the  specific  fevers,  by  anaemia,  Bright's 
disease,  gout,  plumbism,  alcohol,  etc. ;  and,  in 
pneumonia,  muscle  failure  of  the  heart  may 
result  from  the  greatly  lowered  blood  pressure, 
which  interferes  with  the  adequate  blood  supply 
to  the  cardiac  walls  through  the  coronary 
arteries. 

Temperature  may  directly  affect  the  heart's 
action.  A  poultice  applied  to  the  precordial 
region  quickens  the  beat ;  an  ice-bag  slows  it. 
The  heart  may,  in  a  similar  manner,  be  directly 
accelerated  by  the  presence  of  hot  liquids  in  the 
stomach,  and  also,  perhaps,  from  direct  pressure 
due  to  a  distended  stomach. 

Lastly,  among  direct  causes  are  the  influences 
exerted  over  the  heart  by  the  vagus  and  sym- 
pathetic nerves. 

There  are  a  large  number  of  indirect  causes 
which  affect  the  frequency  of  the  pulse.  ^ 

Muscular  exercise  is  one  of  the  most  con- 
spicuous causes  of  increased  pulse  frequency. 
In  some  people  the  frequency  may  increase  by 
50  beats  per  minute  with  the  exertion  of  run- 
ning to  catch  a  train.  Violent  dumb-bell  exer- 
cise will  produce  the  same  result.    The  pulse- 

^  For  ii  full  and  connected  account  of  the  pulse  as  it 
is  affected  by  age,  sex,  posture,  exercise,  food,  and  other 
natural  causes,  the  reader  is  referred  to  an  article  by  Dr. 
Guy  in  Todd's  Cyclopcedia  of  Anatomy  and  Phvsioloqy, 
vol.  iv.,  1847-49. 
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rate  quickly  returns  to  the  normal  in  healthy 
persons  after  exercise,  unless  the  active  move- 
ments have  been  long  continued. 

The  taking  of  food  and  drink — apart  from 
stimulants — accelerates  the  pulse.  Hot  water, 
or  more  especially  hot  whisky -and -water, 
quickens  the  pulse,  but  a  large  draught  of  any 
cold  liquid  may  slow  it.  It  is  interesting  to 
note  that,  quite  apart  from  the  taking  of  food 
and  drink,  the  movements  of  mastication,  suck- 
ing, and  swallowing  produce  a  marked  increase 
in  the  pulse-rate.  Kronecker  has  shown  that 
the  act  of  swallowing  seems  to  remove  entirely 
the  inhibitory  action  of  the  vagus  upon  the 
heart  for  the  time  being,  and,  according  to 
Brunton,  a  glass  of  water  slowly  sipped  may 
quicken  the  pulse-rate  from  68  to  92  beats  per 
minute. 

Mental  conditions  and  various  emotional 
states  affect  the  pulse-rate  very  considerably, 
either  temporarily,  e.g.  when  a  healthy  indi- 
vidual is  being  examined  for  life  insurance,  or 
more  permanently,  in  persons  who  have  sus- 
tained some  severe  shock  to  the  nervous  system, 
as  from  fright  or  grief. 

The  temperature  of  the  skin  indirectly  modi- 
fies the  pulse  frequency  in  a  reflex  manner. 
The  left  ventricle  responds  very  precisely  to  the 
call  of  the  peripheral  tissues  for  more  blood. 
Thus  in  a  heated  room  the  peripheral  vessels 
dilate,  and  the  ventricle  responds  by  beating- 
more  quickly  ;  if  they  contract,  as  happens  in  a 
cold  atmosphere,  the  heart-beat  becomes  less 
frequent.  Clothing,  by  supplying  warmth, 
increases  the  rate  of  the  pulse  ;  exposure  of  the 
naked  body  to  the  cold  air  slows  it.  The  pulse- 
rate  is  found  to  increase  in  tropical  climates, 
and  is  diminished  in  the  Arctic  regions. 

The  position  of  the  body  is  an  important 
matter  with  regard  to  pulse  frequency.  In 
recumbency  the  rate  may  become  much  slower 
than  normal,  and  when  a  child  is  kept  in  bed 
for  a  considerable  period  the  pulse  may  become 
remarkably  slow  and  irregular.  The  same  con- 
dition is  found  in  children  during  sleep.  The 
heart-beat  varies  a  good  deal  according  to  the 
time  of  day.  Its  action  is  slowest  very  early  in 
the  morning,  between  two  and  four  o'clock — 
this  is  the  time  when  all  the  vital  functions  are 
at  their  lowest.  It  rises  up  to  its  maximum 
about  ten  or  eleven  in  the  morning,  then  comes 
down,  but  rises  again  between  two  and  three 
o'clock  in  the  afternoon,  then  keeps  steadily 
going  down  again.  This  is  the  regular  rhythmic 
way  of  the  heart. 

Change  of  position  of  the  body — e.g.  from 
the  sitting  to  the  erect  posture — markedly 
affects  the  pulse-rate  even  in  healthy  persons, 
but  the  effect  is  not  the  same  at  all  periods  of 
the  day.  The  greatest  average  difference  occurs 
before  noon.  An  increase  of  not  more  than  5 
to  10  beats  per  minute  is  normal,  and  may  be 
taken  as  evidence  that  the  heart  muscle  is  in 
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good  condition,  and  that  it  is  capable  of  re- 
sponding adequately  to  a  call  for  increased 
work  should  it  be  demanded.  Many  conditions, 
however,  may  lead  to  a  contraction  of  what 
Mackenzie  has  called  the  "  field  of  response  "  of 
the  heart,  and  then  the  change  of  frequency 
between  the  sitting  and  erect  positions  may 
reach  30  to  50  beats  per  minute.  In  people 
of  nervous  temperament,  and  particularly  in 
women,  the  pulse-beat  may  become  exceedingly 
rapid  on  the  slightest  emotion  or  exertion.  But 
for  the  same  frequency  of  pulse,  the  effect  of 
change  of  posture  in  the  male  is  more  than 
twice  as  great  as  in  the  female.  The  difference 
is  still  more  strongly  marked  in  early  youth. 
During  pregnancy  the  tendency  to  abnormally 

rapid  action  of  the 
heart  on  change 
of  posture,  or  with 
moderate  exercise, 
is  sometimes  very 
evident,  and  would 
seem  to  indicate 
that  if  true  hyper- 

FIG.  1.— Tracing  of  the  radial  pulse  trophy  of  the  heart 

from  a  healthy  young  primipara,  has  Occurred  it  is 
7i  months  pregnant,  in  the  sitting         ,   •  i  . 

position.  certamly  not  of  a 

compensatory 
nature  (Figs.  1  and  2).  This  condition  is  usually 
a  temporary  one,  but  sometimes,  after  several 
pregnancies  in  rapid  succession,  the  heart  may 
be  left  with  a  permanently  contracted  field  of 
response. 

Pyrexia  tends  to  neutralise,  and  debility  to 

exaggerate,  this 
postural  variation 
in  the  pulse-rate. 

Age  may  be 
added  as  a  cause 
which  influences 
the  frequency  of 
the  pulse.  Thus 
during  the  first 
few  weeks  of  life 
a  pulse-rate  vary- 
ing from  120  to 
150  may  be  re- 
garded as  normal.  At  this  age  posture  seems 
to  have  little  effect  in  modifying  the  rate. 
During  the  second  year  of  life  the  rapidity  of 
the  pulse  falls  from  120  to  100  beats  per  minute. 
From  the  third  year  to  puberty  there  is  still  a 
notable  diminution  in  the  pulse-rate,  and  after 
that  it  remains  pretty  constant  till  the  age  of 
sixty  is  reached.  Then  a  quickening  may  com- 
mence which  is  often  proportionate  to  the 
degree  of  arterial  degeneration,  and  which  de- 
pends also  on  the  condition  of  the  myocardium. 

The  pulse  frequency  varies  w^ith  the  sex  of 
the  individual,  and  is  greater  in  women  than 
in  men.  Still,  a  tall  woman  may  have  a  slower 
pulse  than  a  small  man— the  larger  the  frame 
the  slower  the  pulse  as  a  rule.    Tlie  normal 


Fig.  2.— Tracing  of  the  same  pulse 
shortly  after  assuming  the  stand- 
ing position.  Shows  increased 
rate  of  pulse  and  fall  of  blood 
pressure. 


frequency  in  healthy  people  may  vary  very 
greatly,  and  constant  rates  of  40  and  100  have 
been  noted  in  people  apparently  free  from  disease. 

Significance  of  Frequency  of  the  Pulse. — Mere 
frequency  of  the  pulse,  without  regard  to  the 
state  of  the  temperature  or  respiration,  may 
have  great  significance,  if  it  is  constantly  beyond 
what  one  recognises  as  normal.  In  uncompen- 
sated valvular  disease  the  |)ulse  is  abnormally 
rapid  even  when  the  patient  is  recumbent. 
This  is  also  the  case  in  all  forms  of  myocarditis, 
especially  where  the  heart  muscle  has  suffered 
from  excess  of  alcohol,  or  from  other  toxic 
influences.  The  same  condition  of  matters  may 
follow  overstrain,  e.g.  the  "soldier's  heart,"  and 
the  so-called  irritable  heart.  In  neurasthenia, 
both  in  men  and  women,  the  pulse  is  sometimes 
persistently  rapid,  and  is  almost  always  very 
soft.  In  exophthalmic  goitre  the  remarkable 
dilatation  of  the  arterioles  all  over  the  body 
leads  to  greatly  diminished  peripheral  resistance, 
and  this  may  partly  explain  the  abnormally 
rapid  heart-beat.  In  puerperal  insanity  there 
may  be  much  prognostic  significance  in  the 
pulse-rate  alone.  Should  a  woman  become 
maniacal  a  few  days  after  delivery,  without  the 
pulse  being  greatly  increased  in  frequency, 
there  is  little  or  no  danger  to  her  life,  although 
she  may  lose  her  reason.  A  pulse  of  120  to 
150  at  the  onset  of  any  form  of  puerperal 
mania  is  of  almost  invariably  fatal  significance. 

A  pulse  ranging  above  110,  in  a  person  older 
than  twenty-five  years,  of  the  male  sex,  and 
not  of  nervous  temperament,  is,  according  to 
Copland,  not  without  risk  ;  the  amount  of  risk 
will  depend  on  concomitant  circumstances.  A 
pulse  which  is  constantly  of  this  rate  may, 
under  these  conditions,  be  suggestive  of  latent 
tuberculosis. 

Unusual  slowness  of  the  pulse  may  also 
attract  attention  to  some  morbid  condition.  A 
pulse  of  50  or  60  or  less  may  be  normal  to 
certain  persons,  and  sometimes  this  feature 
belongs  to  several  members  of  a  family.  The 
normal  slow  pulse  is  generally  associated  with 
a  high  arterial  blood  pressure,  and  the  gouty 
diathesis  may  be  the  underlying  cause.  Those 
who  are  subject  to  gout,  however,  may  have 
a  pulse  of  high  frequency. 

Pressure  on  the  brain  may  cause  remarkable 
slowing  of  the  pulse,  especially  when  it  affects 
the  basal  portions.  Intense  pain,  e.g.  that  due 
to  gall-stones,  will  often  slow  the  pulse,  and 
the  blood  pressure  may  be  raised  temporarily. 
Stokes  has  noted  that  in  some  cases  of  peri- 
carditis the  frequency  of  the  pulse  is  diminished 
at  the  commencement  of  the  disease.  Structural 
lesions  of  the  heart— fatty  heart — may  also  give 
rise  to  very  extreme  states  of  slowness.  Then 
there  are  many  toxsemic  conditions  which  lead 
to  a  slowing  of  the  pulse-rate.  On  the  invasion 
of  certain  specific  fevers,  and  sometimes  also 
before  death  in  these  cases,  the  pulse  may 
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become  greatly  diminished  in  frequency.  In 
Bright's  disease  the  increased  arterial  pressure, 
which  is  excited  by  toxic  influence,  generally 
retards  the  heart's  action ;  and  in  jaundice 
marked  slowing  of  the  pulse  may  occur.  In 
children  suffering  from  simple  catarrhal 
jaundice,  however,  the  pulse-rate  does  not 
often  seem  to  be  affected  in  this  way.  During 
pregnancy  there  may  sometimes  be  a  slowing 
of  the  pulse  in  the  recumbent  posture,  but 
the  acceleration  caused  by  assuming  the  erect 
position  is  greater  than  it  is  under  normal 
conditions.  There  is  a  toxfemia  in  pregnancy, 
and  the  rate  of  the  pulse,  in  the  sense  that  it 
reflects,  more  or  less,  the  state  of  the  blood 
pressure,  is  of  some  value  as  a  symptom.  The 
writer  has  made  some  observations  on  this 
matter,  and  believes  that  it  is  unusual  to  find 
either  marked  slowing  of  the  pulse,  or  even 
much  increase  in  arterial  blood  pressure,  during 
the  course  of  normal  pregnancy.  One  might 
go  the  length  of  saying  that  the  appearance 
of  a  strikingly  sloiv  pulse  towards  the  end  of 
gestation,  if  it  persists  for  any  length  of  time, 
forebodes  danger.  Examination  of  the  urine 
may  show  that  it  is  both  scanty  and  albuminous, 
but  the  abnormal  slowness  of  the  pulse  may 
precede  the  changes  in  the  urine.  For  several 
weeks  before  the  onset  of  eclampsia  this  pulse 
feature  may  be  the  only  noteworthy  symptom. 

After  the  completion  of  the  third  stage  of 
labour  there  is  generally  a  marked  fall  in  pulse- 
rate.  The  pulse  may  then  become  slower  than 
that  which  is  normal  to  the  individual. 

The  pulse  in  children  and  also  in  young 
adults  during  convalescence  from  acute  disease 
generally  becomes  very  slow,  and  the  individual 
beats  are  of  unequal  duration.  The  peculiar 
halting  character  of  this  slow  pulse  is  perhaps 
specially  well  developed  after  the  subsidence 
of  the  fever  in  cases  of  acute  nephritis.  It  is 
also  strikingly  noticeable  some  days  after  the 
crisis  of  acute  pneumonia,  and  may  be  regarded 
as  a  characteristic  post-febrile  feature  of  the 
pulse  in  children.  In  children  who  are 
apparently  convalescent  from  diphtheria  the 
pulse  may  sometimes  become  excessively  slow 
and  feeble,  and  heart  failure  from  paralysis 
of  the  organ  may  then  be  imminent.  Weber 
states  that  the  pulse  may  fall  to  28  beats  per 
minute  or  even  lower  in  these  cases.  In 
sclerema  of  the  new-born  infant  the  pulse  may 
fall  as  low  as  60  per  minute. 

Significance  of  the  Pulse-rate  xuhen  in  Contra- 
diction to  the  Temperature  or  Respiration. — It 
is  always  well  to  make  a  comparison  of  the 
pulse-frequency  with  the  temperature  chart, 
as  this  will  sometimes  lead  to  important  con- 
clusions. The  significance  of  an  elevated 
temperature  without  a  corresponding  increase 
in  pulse-rate  is  of  varied  importance.  In 
enteric  fever  the  pulse  is  commonly  between 
80  and  100,  when  the  temperature  is  considei-- 


ably  raised.  This  is  to  be  regarded  as  a 
favourable  sign.  It  is  probable  that  a  special 
toxic  substance  circulating  in  the  blood  is 
responsible  for  the  relative  slowness  of  the 
heart,  and  the  combination  is  sometimes  sug- 
gestive from  a  diagnostic  point  of  view.  In 
the  early  stages  of  influenza  the  same  thing 
may  be  observed,  and  is  of  little  moment,  but 
occurring  in  the  later  stages  it  is  a  symptom 
of  bad  omen.  In  rheumatic  fever  it  sometimes 
happens  that  a  rapidl}'  increasing  temperature 
is  not  accompanied  by  a  corresponding  quicken- 
ing of  the  pulse,  and  there  may  be  delirium. 
Such  a  condition  of  matters  would  lead  one  to 
give  a  prognosis  of  the  utmost  gravity.  Mention 
may  here  be  made  of  a  special  circulatory  feature 
in  yellow  fever,  where  there  is  a  slowing  of 
the  pulse  with  a  steady  or  even  rising  tempera- 
ture. This  peculiarity  is  believed  to  be  of 
some  value  in  the  diagnosis  of  the  disease,  but 
seems  to  have  no  special  prognostic  import. 
In  cases  of  cerebral  compression  from  any 
cause,  e.g.  tubercular  meningitis,  the  pulse  is 
often  unusually  slow,  and  also  irregular  in 
rhythm.  In  cases  of  intracranial  tumour  and 
tubercular  meningitis  the  mere  slowness  has 
little  diagnostic  importance — the  chief  signifi- 
cance lies  in  the  fact  that  this  feature  coexists 
with  marked  elevation  of  the  temperature. 
The  contracted  condition  of  the  radial  artery 
is  a  point  of  great  importance  in  these  cases. 

While  discussing  the  value  of  pulse  symptoms, 
brief  reference  may  be  made  to  some  of  the 
conditions  in  which  the  pulse-rate  is  greatly 
accelerated  without  a  corresponding  rise  of 
temperature. 

Thus,  at  the  commencement  of  scarlet  fever 
a  pulse  of  140  to  150  may  be  found  when  the 
other  symptoms  are  insignificant.  This  is  always 
suggestive,  for  the  toxin  of  the  disease,  in 
striking  contrast  to  that  of  enteric  fever,  leads 
to  a  great  acceleration  of  the  heart-beat.  The 
extraordinary  acceleration  of  the  pulse  towards 
the  close  of  tubercular  meningitis  is  also  note- 
worthy. In  acute  pneiimonia  an  extremely 
rapid  pulse  at  the  onset,  especially  if  it  be 
notably  soft,  is  almost  always  a  fatal  sign,  even 
though  the  extent  of  lung  involved  is  not  large. 
It  may  indicate  that  the  cardiac  muscle  has 
been  completely  disabled  by  the  initial  virulence 
of  the  toxin.  When  the  pulse  persistently 
increases  in  rate  and  becomes  softer  towards 
the  end  of  the  disease,  the  prognosis  is  invari- 
ably bad.  In  pulmonary  phthisis,  without 
marked  pyrexia,  a  persistently  rapid  pulse  is 
of  serious  import.  In  acute  rheumatism  a  pulse 
of  120,  without  cardiac  complications,  signifies 
danger,  whereas  if  pericarditis  be  present  the 
pulse-rate  may  reach  150  per  minute  without 
serious  results. 

Every  careful  physician,  if  only  for  his  own 
peace  of  mind,  keeps  an  anxious  watch  upon 
the  frequency  of  the  pulse  during  the  puer- 


388 


PULSE,  THE 


perium.  At  this  time  an  increasing  pulse-rate 
always  excites  greater  concern  than  a  rising 
temperature,  and  may  be  the  precursor  of 
septic  infection.  A  high  temperature  during 
the  puerperium  need  cause  little  anxiety  unless 
the  pulse  becomes  extremely  soft  and  rapid. 

After  severe  haimorrhage — post-partum,  from 
gastric  or  duodenal  ulcer,  etc. — the  pulse-rate 
becomes  greatly  increased.  But  after  forty- 
eight  hours,  or  less,  if  considerable  slowing  has 
not  occurred,  the  outlook  is  uniformly  bad. 
The  same  remark  applies  to  the  frequency  of 
the  pulse  after  abdominal  injuries  and  opera- 
tions— a  falling  pulse-rate  is  always  necessary 
to  justify  a  favourable  prognosis,  even  though 
the  temperature  is  subnormal. 

To  sum  up,  then,  it  may  be  said  that  while 
undue  slowing  or  great  rapidity  of  the  pulse 
may  not,  in  themselves,  suggest  danger,  still 
when  viewed  in  conjunction  with  the  tempera- 
ture chart  some  significance  is  at  times  attach- 
able. But  the  character  of  the  pulse  must 
always  be  taken  into  account.  If  it  becomes 
more  rapid  and  at  the  same  time  softer,  it  is 
a  sign  of  approaching  death. 

The  ratio  of  the  pulse-rate  to  the  respiration 
is  sometimes  suggestive.  In  pneumonia,  accord- 
ing to  the  acuteness  of  the  case,  the  pulse- 
respiration  ratio  is  greatly  altered,  and  in  some 
cases  of  catarrhal  pneumonia  in  children  the 
ratio  may  be  1  to  2,  or  even  1  to  1-5.  Notable 
perversion  of  the  pulse-respiration  ratio  may 
be  observed  in  some  cases  of  fatty  heart,  where 
a  pulse  of  40  may  co-exist  with  a  respiration  of 
20  per  minute,  or  a  ratio  of  2  :  1.  In  severe 
cases  of  rheumatic  pericarditis,  accoi-ding  to 
Walshe,  the  respiration  rate  may  be  greatly 
accelerated  even  though  there  be  no  pulmonary 
complication.  Thus  the  pulse-respiration  ratio 
may  be  136  :  64  or  2-12  : 1. 

Definition  of  the  Pulse 
The  pulse  consists  in  the  sensation  imparted 
to  the  finger  when  it  is  made  to  compress  an 
artery. 

It  is  necessary  to  discuss  this  definition  in 
some  detail,  so  as  to  clearly  understand  the 
nature  of  the  pulse  sensation. 

The  pulse- wave  in  the  arterial  system  depends 
on  the  heart's  action  —  on  the  left  ventricle 
throwing  a  quantity  of  blood  into  the  aorta. 
Briefly,  we  may  put  it  in  this  way.  Just  before 
the  aortic  valves  open,  the  pressure  of  blood  in 
the  left  ventricle  is  the  same  as  that  in  the 
aorta.  After  the  aortic  valves  open,  the  pres- 
sure in  the  aorta  gets  increased  by  the  systole 
of  the  ventricle,  which  adds  several  ounces 
to  the  bulk  of  blood  already  in  it.  This 
addition  to  the  aortic  contents  leads  to  an 
increased  pressure  within  the  whole  arterial 
tube.  The  radial  artery,  flattened  under  the 
finger  or  by  the  pad  of  the  spliygmograph 
during  the  diastole  of  the  heart,  alters  its  shape 


under  the  distending  force  of  the  extra  blood 
thrown  into  it  by  the  ventricular  systole.  The 
pulse  is  therefore,  essentially,  the  expression  of 
increased  hlood  pressure.  By  flattening  the 
artery  somewhat  at  a  time  when  the  resistance 
to  compression  is  at  its  lowest,  one  more  readily 
appreciates  the  change  to  the  condition  where 
the  resistance  to  compression  is  at  its  highest. 
We  purposely  flatten  the  vessel  against  the 
underlying  bone  in  order  to  observe  this  change 
of  form,  because  it  is  then  possible  to  appreciate 
the  pulsation  more  efficiently.  This  is  not 
essential,  however,  for  the  mere  perception  of 
the  beat ;  for  sometimes  the  pulse  can  be 
counted  by  simple  contact  with  the  finger. 

In  order  to  form  a  clear  idea  of  what  really 
constitutes  the  pulse,  the  writer  knows  of  no 
more  useful  simile  than  that  suggested  by 
Sir  William  Broadbent.  He  says,  "Such  a 
pulsation  can  be  felt  on  a  large  scale  by  placing 
the  foot  on  the  imyielding  and  inelastic  leather 
hose  of  a  fire-engine  in  action."  The  comparison 
is  an  excellent  one,  and  it  serves  to  contradict 
the  impression  that  the  pulse  is  due  mainly  to 
an  expansion  of  the  artery.  The  extra  quantity 
of  blood  pumped  into  the  aorta  at  the  systole 
of  the  ventricle  simply  distends  some  of  the 
larger  vessels — any  expansion  of  the  smaller 
arteries  is  quite  insignificant. 

Again,  the  pulse,  as  it  is  felt  in  any  super- 
ficial artery,  e.g.  the  radial,  is  not  due  to  the 
blood  pumped  into  the  aorta  which  has  passed 
down  there,  but  it  is  a  wave,  orginated  by  the 
impulse  of  the  left  ventricle,  that  has  travelled 
along  the  particles  of  fluid  in  the  artery.  This 
pulse-wave,  as  it  may  be  called,  travels  at  a  rate 
of  28  to  30  feet  per  second,  while  the  rate  of 
movement  of  the  blood  is  only  about  10  to  12 
inches  per  second. 

When  a  ligature  is  put  upon  an  artery  no 
pulse  is  felt  beyond  that  point,  but  it  is  distinct 
up  to  the  place  where  the  artery  is  obstructed. 
This  experiment  enables  one  to  appreciate  the 
dependence  of  the  pulse  on  the  systole  of  the 
ventricle  alone,  when  onward  movement  of  the 
blood  is  prevented.  The  pulse  is  nothing  else 
than  the  beats  of  the  heart  transmitted  through 
the  arteries. 

Factors  of  the  Pulse 
The  main  factors  concei-ned  in  the  production 
of  the  pulse  are  : — 

(1)  The  contraction  of  the  left  ventricle. 

(2)  The  elasticity  of  the  arterial  walls. 

(3)  The  resistance  in  the  arterioles. 

The  character  of  the  pulse  may  be  influenced 
largely  by  the  left  ventricle  in  many  ways.  Roy 
and  Adami  consider  that  the  mode  of  contraction 
of  the  left  ventricle  is  a  more  important  factor 
in  the  production  of  the  diff'erent  varieties  of 
the  pulse  than  tlie  condition  of  the  arterioles. 
The  character  of  the  systolic  contraction  depends 
partly  upon  the  condition  of  the  cardiac  walls, 
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but  it  is  also  controlled  in  an  important  manner 
by  means  of  nerves.  The  regulating  influences 
of  the  vagus  and  accelerator  must  not  be  for- 
gotten in  this  connection,  and  the  intrinsic 
ganglia  are  equally  important.  Thus  we  may 
include  the  nerves  of  the  heart  among  the  factors 
of  the  pulse,  and  we  find  certain  types  of  pulse 
irregularity  which  are  due  entirely  to  their 
effects. 

The  state  of  the  arterial  walls  will  clearly 
affect  the  character  of  the  pulse,  and  this  is 
important  both  with  regard  to  degenerative  or 
hypertrophic  changes  and  also  in  relation  to  the 
condition  of  spasm,  which  may  be  excited  by 
the  abnormal  contents  of  the  vessels.  Various 
states  of  toxfemia  may  induce  this  temporary 
condition  of  arterial  spasm,  which  is  accompanied 
by  a  general  diminution  in  the  calibre  of  the 
arteries  during  the  time  that  the  toxic  substance 
is  exerting  its  effects.  Coincidently  there  is  a 
marked  alteration  in  the  pulse.  Among  the 
factors  of  the  pulse,  then,  we  may  also  include 
the  blood.  Its  impaired  quality  will  lead  to 
conditions  of  arterial  spasm  ;  and,  if  the  toxaemia 
be  long  enough  continued,  a  permanent  altera- 
tion may  be  produced  in  the  walls  of  the 
arteries. 

The  elasticity  of  the  large  arteries  is  a  factor 
upon  which  the  character  of  the  pulse  largely 
depends.  By  virtue  of  their  elasticity  the 
arteries  always  exert  some  compression  on  their 
contents,  and  this  is  so,  even  during  the  diastole 
of  the  ventricles.  At  each  systole  some  disten- 
sion of  the  larger  vessels  occurs,  and  thus  the 
force  of  the  heart  is,  so  to  speak,  stored  up,  and 
its  energy  is  gradually,  instead  of  quickly,  ex- 
pended. It  is  otherwise  when  the  vessels  have 
become  rigid  from  disease,  whereby  the  func- 
tions of  their  elastic  coats  are  seriously  impaired. 
Thus  the  factors  concerned  in  the  production  of 
the  pulse  in  the  child  and  in  the  old  man  re- 
spectively differ  greatly,  and  for  this  reason  one 
cannot  compare  the  characters  of  the  pulse  at 
these  periods  of  life.  The  inelastic  artery  of 
old  age  has  a  limited  capacity  of  storing  up  the 
force  of  the  left  ventricle. 

The  state  of  the  arterioles  with  regard  to 
their  permeability  to  the  flow  of  blood  must,  of 
course,  affect  the  character  of  the  pulse  by 
determining  the  rapidity  of  the  outflow  of  blood 
from  the  larger  arterial  tubes.  We  also  recos:- 
nise  that  certam  sections  of  the  arteriole  field 
may  contract  or  dilate  from  various  causes,  and 
we  must  not  forget  that  the  vessels  of  the 
splanchnic  area,  by  becoming  fully  dilated,  may 
empty  the  arterial  system  and  thus  give  rise  to 
a  pulse  of  extremely  small  volume  at  the  wrist. 

Therefore  we  cannot  draw  reliable  deductions 
from  the  volume  of  a  pulse,  unless  we  take  the 
condition  of  the  other  factors  concerned  fully 
into  consideration. 

Shortly  before  death,  more  especially  in  cases 
where  the  cardiac  muscle  is  in  good  condition, 
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one  is  repeatedly  struck  with  the  large  volume, 
and  sometimes  with  the  good  pressure,  of  the 
pulse.  Such  a  pulse  may  mislead  us  as  to  the 
fatal  issue.  An  abnormally  relaxed  state  of 
the  arteries  along  with  a  feeble  left  ventricle 
will  give  the  same  kind  of  impression  to  the 
finger  as  that  given  by  a  strong  ventricle  acting 
against  a  normal  peripheral  resistance.  If  the 
blood  pressure  be  fairly  good,  we  must  remember 
that  the  dying  heart  is  working  at  its  highest 
pressure,  while  that  of  the  strong,  healthy  in- 
dividual has  a  considerable  reserve  power  to  fall 
back  upon.  In  some  instances  the  blood  pres- 
sure maintained  by  the  heart  shortly  before 
death  may  be  said  to  be  relatively  high. 

Examination  of  the  Pulse  by  Means  of  the 
Sfhygmograph 

The  only  accurate  method  of  recording  the 
pulse  is  by  means  of  the  sphygmograph.  Space 
will  not  allow  of  a  description  of  the  different 
forms  of  sphygmograph,  and  for  a  concise  state- 
ment of  these  the  reader  is  referred  to  Dudgeon's 
excellent  treatise.  Sphygmography  has  been 
in  turn  recklessly  extolled  and  unduly  de- 
preciated. Those  who  assert  that  the  sphygmo- 
graph is  devoid  of  practical  usefulness,  and  that 
it  can  be  made  to  register  any  form  of  pulse- 
curve  suitable  to  the  occasion,  simply  exhibit 
their  entire  want  of  knowledge  as  to  how  the  in- 
strument should  be  employed.  Such  opinions 
belong  either  to  those  who  are  devoid  of  all 
mechanical  skill,  or  to  those  who  have  not 
shown  sufficient  perseverance  in  mastering  cer- 
tain important  details  which  can  only  be  ac- 
quired after  fairly  long  experience.  With  more 
perfect  instruments  the  ti-acings  would  be  more 
reliable,  and  probably  a  more  skilled  interpreta- 
tion of  the  results  is  desirable.  But  the  writer 
is  convinced  that  much  more  can  be  learnt  by 
the  use  of  the  sphygmograph  than  is  generally 
believed.  While  the  character  of  the  pulse 
alone  is  not  a  safe  guide  to  enable  one  to  form 
conclusions  in  certain  diseased  conditions,  still 
it  will  often  afford  indications  of  the  utmost 
value  bearing  upon  prognosis  and  treatment. 

Dudgeon's  sphygmograph  is  the  one  most  in 
use  in  this  country,  and  it  is  the  only  one  which 
can  be  satisfactorily  used  in  young  children. 
If  it  be  applied  in  the  manner  about  to  be 
described,  most  admirable  and  useful  tracings 
can  be  obtained.  The  instrument  must  be  a 
thoroughly  good  one  ;  and  I  give  this  caution, 
because  several  which  I  have  examined  are  of 
inferior  workmanship,  and  quite  unsuited  for 
the  pui'pose.  The  writing  needle,  which  should 
be  finely  pointed,  must  swing  evenly  and  easily, 
and  the  inelastic  strap  which  fixes  the  instru- 
ment to  the  wrist  must  be  replaced  by  pieces 
of  elastic  band.  This  simple  modification  im- 
mensely simplifies  the  process  of  obtaining 
successful  ti'acings,  for  the  instrument  is  very 
readily  applied  by  tying  the   two   pieces  of 
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elastic,  and  the  button  can  then  be  adjusted 
over  the  artery  to  a  nicety. 

Both  practice  and  judgment  are  necessary  to 
enable  one  to  apply  just  the  requisite  degree  of 
pressure  to  the  spring  of  the  sphygmograph  to  ob- 
tain a  maximal  swing  of  the  needle,  for  if  the  pres- 
sure be  too  great  the  tracing  will  not  be  a  reliable 
one.  The  pressure  is  applied  to  the  artery  after 
the  instrument  has  been  tied  on  to  the  wrist ; 
and  by  watching  the  movement  of  the  needle, 
one  is  able,  after  some  experience,  to  judge  when 
the  swing  appears  to  be  greatest,  and  whether 
the  button  is  lying  accurately  over  the  vessel. 
It  is  impossible  to  gauge  the  amount  of  pres- 
sure exerted  by  the  button  of  the  sphygmo- 
graph on  the  underlying  artery  and  the  tissues 
surrounding  it,  but  this  is  not  essential  for  our 
purpose.  When  the  swing  of  the  needle  is 
maximal,  it  shows  that  the  pressure  which  we 
have  applied  to  the  artery  by  means  of  the 
screw  is  the  proper  amount  for  the  case  under 
examination.  A¥e  do  not  expect  the  reading  on 
the  dial  to  give  any  indication  of  the  actual 
blood  pressure. 

But  here  it  may  be  said  that,  after  some 
experience  in  the  use  of  the  instrument,  it  is 
sometimes  possible  to  judge  in  a  general  way  of 
the  blood  pressure  by  observing  the  manner  in 
which  the  writing  needle  responds  to  the  turn- 
ing of  the  screws  Thus,  in  recording  a  pulse 
where  the  blood  pressure  is  undoubtedly  high — 
e.g.  acute  nephritis — the  needle  will  not  begin 
to  swing  freely  until  considerable  pressure  is 
made  on  the  spring  by  turning  the  screw  to 
three  or  four  ounces  on  the  dial,  and  then  the 
maximal  swing  may  be  obtained  over  a  con- 
siderable range  of  pressure.  Again,  in  a 
markedly  soft  pulse  a  good  swing  of  the  needle 
may  be  obtained  after  a  very  slight  turn  of  the 
screw,  and  its  excursion  will  noticeably  diminish 
when  too  great  pressure  is  applied  in  this  way. 

The  pressure  applied  to  tlie  artery  by  the 
spring  of  the  sphygmograph,  in  taking  tracings 
from  children  under  a  year  of  age,  need  seldom 
exceed  two  ounces,  and  in  new-born  infants  the 
index  must  often  register  the  smallest  possible 
degree  of  pressure,  as  even  this  is  sometimes 
too  great  for  the  strength  of  the  pulse-wave, 
and  an  incorrect  tracing  is  obtained. 

To  get  the  best  results,  even  the  smoking  of 
the  papers  is  a  matter  of  some  importance, 
for  if  they  are  smoked  too  thickly  the  smaller 
elevations  in  the  sphygmogram  will  not  come 
out  distinctly.  They  should  be  put  into  the  tin 
holder  and  smoked  lightly  and  evenly  over  a 
piece  of  burning  camphor  or  an  untrimmed  oil- 
lamp.i 

The  writer  may  here  draw  attention  to  a 
small  time-marker  which  he  has  attached  to  the 
Dudgeon's  sphygmograph.  A  record  of  time  is 
sometimes  very  important,  and  it  is  inadvisable 

1  White  spirit- varnish  (shellac  dissolved  in  spirit)  may 
be  recommended  to  fix  the  smoked  papers. 


to  add  anything  to  the  bulk  of  the  instrument 
if  it  can  be  avoided,  especially  when  it  is  to  be 
used  in  children.  Von  Jacquet's  sphygmograph 
has  a  separate  clockwork  box  to  drive  the  time- 
marker,  and  it  is  a  large  heavy  instrument.  In 
the  writer's  arrangement  the  chronograph  is 
worked  from  the  large  cog-wheel  of  the  mechan- 
ism which  drives  the  paper  roller,  and  each 
tooth  of  the  cog-wheel  makes  a  division  in  the 
tracing  which  is  approximately  equal  to  one- 
fifth  of  a  second.! 

It  is  important  to  wind  up  the  clockwork 
after  each  tracing  is  made,  and  also  to  make 
sure  that  the  paper  is  being  driven  at  a  uniform 
speed. 

The  Arterial  Blood  Pressure 

Definition. — The  vascular  system  is  over-filled, 
for  were  it  not  distended  it  could  not  contain 
all  the  blood.  Thus  the  blood  is  lying  in  the 
vessels  at  some  pressure,  as  is  seen  by  the  spurt 
which  occurs  when  an  artery  is  cut.  The  heart 
— one  of  the  factors  in  the  blood  pressure — 
keeps  up  the  over-filling  of  the  vessels,  and  the 
resistance  to  the  outflow  of  blood  through  the 
arterioles  and  capillaries  determines  the  extent 
to  which  this  over-filling  occurs. 

When  an  artery  is  compressed  by  the  finger 
the  state  of  distension  of  the  vessel  is  appreci- 
ated ;  the  resistance  to  compression,  therefore, 
represents  the  blood  pressure,  and  the  height  of 
the  arterial  pressure  is  determined  largely  by 
the  ease  with  which  the  arterial  over-filling  is 
run  off"  by  the  capillaries,  that  is,  by  the  peri- 
pheral resistance.  This  is  the  other  main  factor 
in  the  blood  pressure,  and  any  variation  in  one 
or  other  of  these  factors  may  alter  the  pressure 
very  considerably. 

Relation  to  Ventricular  Contraction. — The 
relation  of  increased  heart  force  to  blood 
pressure  is  not  a  simple  one.  When  the  ven- 
tricle contracts  more  powerfully  the  pressure  is 
not  always  increased,  for  the  heart's  beat  is 
always  maximimi ;  that  is  to  say,  the  ventricles 
cannot,  by  contracting  more  forcibly,  pvunp  out 
more  blood  than  they  get  from  the  auricles. 
The  action  of  the  auricles — "the  feed-pumps  of 
the  ventricles  " — is  also  important  in  relation  to 
blood  pressure,  and  great  alterations  may  be 
produced  by  changes  affecting  the  auricles  alone. 
Increased  work  of  the  heart,  however,  without 
a  coincident  dilatation  of  the  peripheral  vessels, 
leads  to  a  higher  blood  pressure. 

Relation  to  Peripheral  Resistance. — Changes 
in  the  peripheral  resistance  influence  the  height 
of  the  blood  pressure  enormously,  and  it  is  the 
state  of  contraction  of  the  arterioles  which 
mainly  controls  the  extent  of  the  resistance. 
Constriction  or  dilatation  of  the  arterioles,  de- 
pendent upon  impulses  through  the  vaso-motor 

1  This  time-marker  is  fitted  to  the  sphygmograph  by 
Mr.  \V.  M'Gregor,  watchmaker,  Castle  Street,  Edin- 
burgh. 
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nerves,  will  increase  or  decrease  the  pressure. 
The  vessels  of  the  arteriole  and  capillary  fields 
may  contract  or  dilate  in  sections  from  local 
and  other  causes.  As  Brunton  has  pointed  out, 
there  are  three  channels  through  which  the 
blood  finds  its  way  from  the  arteries  into  the 
veins.  There  are  the  vessels  of  the  skin,  the 
vessels  of  the  intestine,  and  the  vessels  of  the 
muscles.  Little  attention  has  been  paid,  hither- 
to, to  the  vessels  of  the  muscles  in  this  connec- 
tion, but  according  to  Brunton,  the  outflow 
through  these  is  equivalent  to  that  of  the  other 
two  channels  together.  The  important  point 
with  regard  to  the  blood  pressure  is,  that 
although  the  vessels  of  the  skin  and  intestine 
are  contracted,  yet  the  peripheral  resistance 
may  not  be  much  increased,  and  a  higher  blood 
pressure  may  not  result ;  the  blood  still  escapes 
freely  through  the  vessels  of  the  muscles. 
Vaso-constriction  causes  the  left  ventricle  to 
contract  more  powerfully,  and  tends  to  slow  the 
pulse ;  a  slow  pulse,  therefore,  generally  indi- 
cates a  higher  blood  pressure  than  a  fast  pulse. 
Dilatation  of  the  vessels  causes  a  quickening  of 
the  heart,  and  this,  according  to  the  researches 
of  Mac  William,  is  almost  always  due  to  the 
suspension  of  vagus  activity ;  it  is  very  doubt- 
ful whether  the  same  result  is  ever  dependent 
upon  stimulation  of  the  sympathetic. 

Relation  to  Arterial  Walls. — From  what  has 
been  already  said  it  will  be  seen  that  the 
relation  of  the  blood  pressure  to  the  state  of 
the  arterial  walls  is  a  very  complex  one.  The 
radial  pressure  may  be  considerably  nicreased 
both  when  the  vessel  walls  are  felt  to  be  tightly 
contracted,  and  also  when  the  artery  is  large 
and  relaxed.  In  the  one  case  there  is  a  con- 
traction of  the  muscular  coats  of  the  arterioles 
and  larger  arteries  from  direct  or  indirect  irri- 
tation of  the  vaso-motor  centre.  This  condition 
is  typically  present  in  some  cases  of  tubercular 
meningitis  and  cerebral  tumour,  and  it  may 
also  be  induced  reflexly  by  severe  abdominal 
pain,  tympanites  following  a  laparotomy,  and 
profound  shock.  This  kind  of  arterial  spasm 
may  sometimes  be  unilateral,  in  neuralgias,  lead 
colic,  etc.  In  the  other  case  the  radial  blood 
pressure  is  raised  by  increased  peripheral  resist- 
ance mainly  confined  to  the  capillaries.  The 
artery  is  then  large,  and  the  pulse  may  be  full 
and  bounding.  Obstruction  of  the  capillaries, 
due  to  various  toxins  in  the  blood,  is  the  com- 
monest and  most  persistent  cause  of  high  blood 
pressure.  Sometimes  when  the  pulse  feels 
small  and  weak,  owing  to  involvement  of  the 
radial  artery  in  the  area  of  increased  peripheral 
resistance,  the  blood  pressure  in  this  vessel  may 
not  be  increased,  and  yet,  as  Oliver  points  out, 
it  may  be  greatly  raised  in  the  central  arteries. 

When  the  arterial  walls  ai-e  thickened  and 
sclerosed,  the  blood  pressure  is  not  always 
raised.  The  calibre  of  the  vessel  may  be 
increased  or  diminished,  but  the  blood  pressure 


may,  in  either  case,  be  high  or  low.  In  the 
young  the  elastic  wall  of  the  artery  plays  an 
important  part  in  maintaining  a  good  blood 
pressure,  and  as  age  advances  the  resiliency  of 
the  vessel  is  largely  impaired.  In  very  old 
people  the  contracted  "  field  of  response  "  of  the 
heart  is  a  factor  which  must  be  taken  fully  into 
account ;  for  this  reason  a  low  blood  pressure 
may  be  present  when  the  radial  artery  is  hard 
and  cord-like. 

In  forming  an  estimate  of  the  blood  pressure 
the  important  point  to  note  is  the  conqn-essibility 
of  the  vessel — the  force  necessary  to  obliterate 
the  pulse-wave.  In  advanced  life  the  thickened 
condition  of  the  radial  walls  may  lead  one  to 
call  the  pulse  one  of  "  high  tension,"  but,  in 
some  cases,  from  the  ease  with  which  the  finger 
can  obliterate  the  pulse,  we  judge  the  actual 
blood  pressure  to  be  low. 

Relation  to  Pulse-Rate. — Marey  has  shown 
that  the  blood  pressure  controls  the  rate  of  the 
heart's  action — the  pulse-rate  varies  inversely 
as  the  arterial  pressure.  In  normal  conditions 
high  pressui'e  in  the  vessels  slows  the  pulse,  and 
a  low  pressure  quickens  it,  but  sometimes  the 
important  factor  in  maintaining  a  good  pressure 
in  the  arteries  is  the  increased  rate  of  the  pulse. 
Thus  in  the  infant  the  heart's  action  is  exceed- 
ingly rapid,  and  only  a  small  quantity  of  blood 
is  thrown  into  the  aorta  by  each  ventricular 
contraction.  The  pulse  at  this  age  is  of  small 
volume,  but  it  is  one  of  relatively  high  pressure. 
At  this  age  an  adequate  pressure  is  maintained 
by  a  series  of  rapid  and  weak  systoles ;  in  later 
life  the  same  result  is  attained  by  slower  and 
more  powerful  ventricular  contractions. 

Relation  to  Volume  of  Blood  i^i  the  Circulation. 
— The  total  volume  of  blood  in  the  circulation 
is  another  important  factor  in  the  blood  pressure, 
and  every  change  by  abstraction  or  addition 
alters  the  pressure.  But  the  alterations  pro- 
duced on  the  circulation  by  venesection  or  trans- 
fusion are  of  a  very  temporary  kind.  Haemor- 
rhage up  to  2  per  cent  or  3  per  cent  of  an 
animal's  weight  scarcely  affects  the  blood  pres- 
sure at  all,  but  up  to  4  per  cent  or  6  per  cent 
of  the  body  weight  the  pressure  may  temporarily 
fall  to  nearly  zero.  After  severe  htemorrhages 
an  average  pressure  is  soon  restored  by  increased 
absorption  of  fluids  from  the  tissues  into  the 
circulation,  and  though  transfusion  may  raise 
the  blood  pressure  for  a  time,  and  thus  tide  a 
patient  over  a  period  of  great  danger,  the  in- 
creased pressure  is  not  maintained.  In  certain 
toxsemic  conditions,  indeed,  where  the  blood 
pressure  is  abnormally  high  owing  to  exten- 
sive arterial  spasm,  as  occurs  in  some  cases 
of  puerperal  eclampsia,  the  writer  has  shown 
that  one  of  the  early  effects  of  adding  to  the 
fluid  in  the  circulation,  by  giving  large  saline 
infusions,  is  to  lower  the  blood  pressure  re- 
markably (Figs.  4  and  5).  This  effect  is  prob- 
ably brought  about  by  the  dilution  of  a  toxin. 
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which,  by  inducing  vaso-constriction,  greatly  in- 
creases the  peripheral  resistance.  Venesection, 
even  when  freely  practised,  will  not  permanently 
reduce  the  general  arterial  pi-essure,  but  as 


Fig.  4.— Radial  sphygmogram  from  a  young  primipara  suffering 
from  puerperal  eclampsia.  Slow  pulse  of  high  pressure. 
Vessel  wall  markedly  contracted. 

a  temporary  expedient,  and  particularly  as  a 
means  of  relieving  the  heart  and  lungs,  it  is  of 
very  great  value. 

Relation  to  Composition  of  the  Blood. — Wrong 
composition  of  the  blood,  as  well  as  alterations 


Fig.  5.— Tracing  from  the  same  patient  shortly  after  an  infra- 
mammary  infusion  uf  one  pint  of  saline  solution.  Quicker 
pulse  of  diminished  pressure  with  relaxation  of  arterial 
walls  (enlarged  calibre). 

in  the  specific  gravity  of  the  plasma,  by  un- 
settling the  regular  onflow  of  the  corpuscles 
through  the  capillaries,  will  increase  the  peri- 
pheral resistance  and  raise  the  blood  pressure, 
e.g.  Bright's  disease,  antemia,  etc. 

Relation  to  Respiration. — Respiration  acts  on 
the  blood  pressure  in  two  ways.  Generally 
speaking,  inspiration  lowers  the  pressure,  while 
expiration  increases  it,  but  with  a  high  arterial 
pressure  these  effects  may  })e  very  slight. 

Measurement  op  the  Arterial  Pressure 
IN  Man 

The  Mean  A7-te7-ial  Pt-essure. — The  educated 
finger  can  recognise  when  the  arterial  pressure 
is  unduly  high  or  abnormally  low,  but  in  health 
there  is  a  certain  pressure  maintained  in  arteries 
as  a  resultant  of  the  factors  already  mentioned. 

Hamilton  expresses  it  tersely  thus  :  he  says — 
"  Were  the  heart  to  cease  beating,  the  aortic 
valves  to  be  closed,  and  the  capillary  outlets  to 
be  occluded  simultaneously,  the  pressure  of  the 
blood  within  the  arteries  would  represent  this 
mean  pressure."  The  intra-arterial  blood  pres- 
sure varies  between  two  extremes — the  maxi- 
mum, which  occurs  during  the  ventricular 
systole,  and  the  minimum,  which  is  present 
between  the  pulsations,  during  the  ventricular 
diastole.  The  relations  which  these  two  pres- 
sures bear  to  each  other  may  vary  greatly.  In 
cases  of  high  blood  pressure,  e.g.  Bright's  disease. 


the  systolic  and  diastolic  pressures  approximate  ; 
while  some  cases  of  low  blood  pressure,  e.g. 
aortic  regurgitation,  show  greatly  increased 
pressure  during  the  ventricular  systole,  and  a 
great  diminution  during  the  diastole.  The 
terms  "  minimum  pressure "  and  "  mean  pres- 
sure "  are  sometimes  used  synonymously,  but 
others  place  the  mean  pressure  at  some  point 
between  the  diastolic  and  systolic  pressures. 

Methods  of  Estimating  the  Blood  Pressure. — 
There  are  at  the  present  day  many  instruments 
— sphygmometers — which  are  used  to  measure 
the  blood  pressure  in  the  human  subject.  There 
are  two  methods  by  which  this  may  be  attempted, 
and  two  distinct  principles  are  involved.  Some 
of  the  instruments  profess  to  gauge  the  pressure 
necessary  to  obliterate  the  pulse ;  this  is  the 
idea  underlying  the  method  of  von  Basch,  and 
it  is  intended  to  register  the  maximum  or 
systolic  blood  pressure.  Other  forms  of  sphyg- 
mometer are  based  upon  a  principle  suggested 
by  Marey,  which  consists  in  increasing  the  pres- 
sure on  the  outside  of  an  artery  until  the  pulse- 
wave  attains  its  greatest  amplitude.  This 
method  was  originally  adopted  by  Mosso,  and 
all  the  instruments  of  recent  introduction  make 
use  of  this  principle.  It  would  seem  probable 
that  this  method,  when  properly  carried  out, 
must  give  the  minimum  or  diastolic  pressure ; 
for  experimental  proof  that  this  is  so  the  reader 
is  referred  to  an  excellent  article  by  Drs.  Howell 
and  Brush  (Boston  Med.  and  Surg.  Journ.,  vol. 
cxlv.  No.  6).  This,  however,  is  not  the  invari- 
able view  taken,  for  in  the  Hill-Barnard  instru- 
ment, which  adopts  this  principle,  the  maximal 
pulsation,  according  to  Hill,  indicates  the  mean 
arterial  pressure  and  not  the  diastolic. 

The  method  of  determining  the  arterial  pres- 
sure in  man  by  obliterating  the  pulse  (von 
Basch,  Potain,  and  others)  should  give  the 
systolic  or  maximum  pressure  in  the  artery 
examined.  But  all  the  instruments  on  this 
principle  really  give  a  supramaximal  reading, 
and  are  seldom  employed. 

Of  instruments  constructed  on  the  other 
principle — that  of  increasing  the  pressure  on 
the  outside  of  the  artery  till  it  equals  the  pres- 
sure within — there  are  many  forms.  One  of 
the  simplest  has  been  introduced  by  Hill  and 
Barnard,  and  the  writer  here  quotes  Hill's  de- 
scription of  the  method  and  results  from  Halli- 
burton's Physiology  (4th  ed.) : — 

"  The  instrument  consists  of  a  vertical  glass 
tube  about  5  inches  in  length,  which  expands 
above  into  a  small  bulb,  and  is  closed  at  the  top 
by  a  glass  tap. 

"  A  small  india-rubber  bag  is  fixed  to  the  tube 
below  ;  this  is  surrounded  by  a  metal  cup,  at- 
tached in  such  a  way  that  only  the  base  of  the 
bag  is  exposed.  The  bag  is  filled  with  coloured 
fluid.  On  pressing  the  instrument  down  over 
the  radial  or  other  artery  the  fluid  rises  in  the 
tube  and  compresses  the  air  in  the  bulb ;  the 
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air  acts  as  an  elastic  spring.  The  more  one 
presses  the  more  the  fluid  rises ;  at  a  certain 
height  the  meniscus  of  the  fluid  exhibits  more 
pulsation  than  it  does  at  any  other  height 
{maximal  pulsation).  The  tube  is  empirically 
graduated  in  divisions  that  correspond  to  milli- 
metres of  mercury  pressure.  The  point 
of  maximal  pulsation  gives  the  arterial 
pressure.  Before  each  observation  the 
tap  is  opened,  and  by  gentle  pressure 
on  the  bag  the  fluid  is  set  at  the  zero 
mark  on  the  scale.  Thus  errors  due  to 
changes  in  barometric  pressure  or  tem- 
perature are  avoided. 

"  We  now  come  to  the  explanation 
why  the  maximal  pulsation  gives  us  a 
reading  of  arterial  pressure.  If  the 
mean  pressure  inside  and  outside  an 
artery  be  made  equal,  then  the  wall  of 
the  vessel  is  able  to  vibrate  at  each 
pulse  with  the  greatest  freedom.  The 
mean  pressure  is  less  than  the  systolic, 
but  greater  than  the  diastolic  pressure 
during  the  heart's  systole  the  artery  is  opened 
out  to  its  fullest  extent,  while  during  the  heart's 
diastole  its  lumen  is  obliterated ;  hence  the 
vessel  wall  swings  with  the  greatest  amplitude. 
If  the  pressure  exerted  by  the  sphygmometer  is 
less  than  the  mean  arterial  pressure,  the  artery 
will  not  be  compressed  to  its  utmost  during 
diastole ;  if,  on  the  other  hand,  the  pressure 
exerted  is  greater  than  the  mean,  the  artery 
will  not  fully  expand  during  systole.  In  either 
case  the  pulsation  will  not  be  so  great  as  when 
the  pressure  exerted  on  the  outside  of  the  artery 
equals  the  mean  pressure  within. 

"  By  recording  the  arterial  pressure  in  the  dog 
with  a  mercury  manometer,  and  at  the  same 
time  taking  readings  with  the  sphygmometer, 
the  instrument  has  been  proved  to  give  accurate 
results." 

Hill  and  Barnard  have  invented  a  larger  in- 
strument on  the  same  principle,  which  takes  the 
pressure  in  the  large  arteries  of  the  arm  just 
above  the  elbow.  A  thin  india-rubber  bag,  fixed 
inside  a  leather  armlet,  is  strapped  round  the 
arm.  The  india-rubber  bag  is  connected  by  a 
T-tube  with  an  air-pump  and  a  spring  mano- 
meter (Fig.  7).  The  pressure  in  the  bag  is 
then  raised  imtil  the  needle  of  the  manometer 
gives  its  maximal  pulsation,  when  the  mean 
pressure  is  accurately  registered.  There  are 
many  obvious  fallacies  in  the  results  obtained 
with  this  instrument ;  the  elastic  walls  of 
the  bag  and  tubing,  the  air  conduction  to 
the  recording  apparatus,  the  muscular  de- 
velopment of  the  arm,  all  modifying  the 
results. 

In  recording  the  blood  pi'essure  with  either 
of  these  instruments  it  is  sometimes  difficult  to 
determine  the  point  at  which  maximal  pulsation 
occurs.  Thus  the  movement  may  be  large  be- 
tween 140  and  150  mm.  on  the  scale,  may 


become  distinctly  less  at  130  mm.,  and  may 
then  appear  as  great  as  before  at  120  mm. 
Which  reading  in  these  cases  indicates  the  mean 
arterial  pressure  %  But  the  maximal  pulsation 
can  often  be  readily  noted,  and  then  a  definite 
reading  is  obtained.    While  the  writer  does  not 


Fig.  7. — Hill  aud  Barnard's  Sphygmometer. 

think  that  this  reading  can  always  be  taken  as 
representing  the  mean  arterial  pressure,  still  in 
a  given  case  he  believes  it  indicates  the  general 
state  of  the  pressure.  For  comparative  purposes 
this  would  seem  to  be  sufficient,  and  the  varia- 
tions in  the  readings  from  day  to  day  will  furnish 
valuable  information ;  the  method  used  gives 
reliable  results  when  a  series  of  observations  are 
made  on  the  same  patient. 

According  to  Hill's  observations  the  normal 
pressure  in  the  radial  artery  in  healthy  young 
adults  is  110  to  120  mm.  of  Hg,  and  it  appears 
to  be  as  constant  as  the  body  temperature. 

Dr.  George  Oliver  has  devoted  much  time  to 
the  study  of  the  normal  variations  of  the  blood 
pressure  under  various  physiological  conditions, 
and  also  to  certain  abnormal  variations  pro- 
duced by  massage,  cold  baths,  etc.  He  has 
contributed  largely  to  our  knowledge  on  these 
subjects,  but  in  this  place  we  shall  only  refer 
briefly  to  new  instrumental  methods  of  observa- 
tion introduced  by  him. 

To  overcome  the  manifest  difficulties  en- 
countered in  determining  the  blood  pressure 
in  man.  Dr.  Oliver  has  shown  very  great  in- 
genuity and  originality.  He  has  carefully 
considered  the  matter  from  every  point  of  view, 
and  has  arrived  at  the  following  conclusions  : — 

(1)  That  the  blood  pressure  in  man  can  be 
correctly  estimated  through  a  fluid  medium, 
but  not  through  a  solid  one. 

(2)  That  variations  in  the  resistance  of  the 
tissues  do  not  vitiate  the  correct  reading  of  the 
mean  arterial  blood  pressure. 

(3)  That  variations  in  the  calibre  of  the 
arteries  do  not  disturb  the  reading  of  the  mean 
arterial  pressure. 

(4)  The  adoption  of  the  fluid  principle  obviates 
the  errors  due  to  the  malposition  of  the  solid 
pad  and  to  abnormal  conformation. 

The   Hcemodyimmometer,    or   Blood -pressure 
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Gauge. — Dr.  Oliver's  hsemodynamometer,  or 
blood-pressure  gauge  (Fig.  8),  consists  of  two 
main  parts — (1)  the  pad;  and  (2)  the  recorder. 
The  pad  is  made  of  thin  rubber,  and  is  filled 

with  water  contain- 
ing a  little  glycer- 
ine. It  is  placed 
over  the  radial 
artery  and  trans- 
mits the  pulsations 
of  the  vessel  to  the 
recording  appar- 
atus. 

The  principle 
followed  is  to  equi- 
librate the  fluid 
pressure  within  the 
pad  to  that  within 
the  artery,  so  that 
when  that  point  is 
reached,  the  two 
pressures  being  ex- 
actly balanced,  as 
it  were,  and  the  pad 
then  being  but  a  diverticulum  of  the  artery,  the 
maximum  motion  of  the  pulse- wave  is  developed. 
In  principle  it  is  identical  with  the  sphygmometer 
of  Hill  and  Barnard,  but  it  is  a  more  convenient 
form  for  clinical  use. 

We  have  tested  both  these  instruments  to- 
gether on  a  series  of  patients  in  order  to 
ascertain  how  the  readings  would  compare  in 
estimating  a  blood  pressure.  With  Dr.  Oliver's 
instrument  a  much  higher  mean  arterial 
pressure  was  invariably  indicated.  We  are 
therefore  of  opinion  that  there  is  still  no  ready 
and  accurate  means  of  estimating  the  ai'terial 
blood  pressure  in  man.  Dr.  Oliver's  observa- 
tions with  his  htemodynamometer  are  reliable, 
so  far  as  the  instrument  determines,  and  in  his 
hands  supplies  valuable  information  ;  but  what 


Fig.  8. — Oliver's  Hsemodynamometer. 


artery  (Fig.  9).  Two  conditions  must  be  ob- 
served in  order  to  make  the  reading  as  reliable 
as  possible — (1)  the  wrist  must  always  be 
extended  at  a  uniform  angle ;  and  (2)  the  same 


FIG.  9.— The  Arteriohieter  (Oliver's). 

part  of  the  artery  must  be  observed  on  all 
occasions. 

We  have  a  high  opinion  of  the  value  and 
scope  of  usefulness  of  this  little  instrument, 
have  used  it  frequently,  and  have  found  it 
to  indicate  a  diminution  of  the  radial  calibre 
when  the  finger  judged  the  ai-tery  to  be  con- 
tracted. Dr.  Oliver  has  made  very  numerous 
observations  on  the  calibration  of  the  arteries 
in  health  and  disease,  and  some  of  his  results 
are  extremely  suggestive. 

The  Interpretation  of  the  Sphygmogram 

The  Normal  SyhygmograpJiic  Tracing. — Fig. 
10  will  serve  to   show  the  various  parts  of  a 


■ 
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Fig.  10.— Normal  sphygmographic  tracing,  a.  The  up-stroke ;  6,  the  apex  of  tracing;  c,  the  down-stroke,  which 
may  be  of  varying  length ;  d,  the  so-called  tidal  or  predicrotic  wave ;  e,  the  dicrotic  or  aortic  notch ;  /,  the 
dicrotic  wave  ;  g,  the  post-dicrotic  wave ;  A,  termination  of  down-stroke.  E,  the  systolic  portion  of  the 
pulse-curve— the  "systolic  wave."   F,  the  diastolic  portion  of  the  pulse-curve. 


we  wish  to  emphasise  is  that  there  is,  as  yet, 
no  means  available  to  the  general  practitioner 
of  estimating  the  blood  pressure  clinically  in  a 
manner  at  all  comparable  to  taking  the 
temperature. 

The  Arteriometer. — The  other  instrument 
devised  by  Dr.  Oliver — the  arteriometer — is 
used  to  measure  the  calibre  of  any  superficial 


typical  sphygmogram  from  the  radial  artery. 
Certain  points  may  be  noted  :  the  up-stroke  (a), 
the  apex  of  the  tracing  (6),  the  beginning  of 
the  down-stroke  (c),  the  tidal  or  predicrotic 
wave  {d),  the  dicrotic  or  aortic  notch  (e),  the 
dicrotic  wave  (/),  and,  lastly,  the  remainder  of 
the  down-stroke.  At  the  point  g  there  is  some- 
times a  second  elevation  similar  to  the  dicrotic 
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wave,  but  smaller — the  post-dicrotic  wave  (Fig. 
11).  At  A  the  down-stroke  ends;  and,  according 
to  some,  that  portion  between  g  and  h  indicates 
anticipation  of  the  ven- 
The  lowest  point  of  the 


the  period  of  rest  in 
tricular  contraction. 


FlO.  11.— Radial  sphygmogram  showing  the  post-dicrotic  wave 


tracing  has  been  called  the  base  line  by  Landois, 
and  the  respiratory  line  by  Mahomed.  Its 
level  may  vary  with  the  movements  of  respira- 
tion, particularly  when  there  is  great  dyspnoea. 

While  all  observers  are  agreed  upon  the  main 
features  of  the  sphygmographic  tracing  as  above 
indicated,  much  difference  of  opinion  still  exists 
as  to  the  mode  of  production  of  the  various 
events,  and  as  to  their  individual  variations. 
We  may  shortly  review  some  of  the  interpreta- 
tions put  upon  the  pulse-curve. 

The  up-stroke  of  the  needle  means  a  rise  of 
arterial  pressure,  and  it  is  commonly  called  the 
percussion  stroke,  because  it  is  usually  produced 
by  the  shock  received  by  the  blood  column  on 
the  sudden  bursting  open  of  the  aortic  valves, 
which  is  transmitted  almost  instantaneously 
throughout  the  whole  arterial  system.  Then 
with  the  commencement  of  the  down-stroke  a 
fall  in  blood  pressure  is  indicated,  and  a  rounded 
or  pointed  wave  (a,  6,  c)  is  formed.  This  portion 
of  the  tracing  is  called  the  percussion  tvave  by 
some,  and  includes  the  so-called  percusssion 
stroke.  The  next  feature  is  the  tidal  or  pre- 
dicrotic  ivave  {d).  Some  writers  explain  it  in 
this  way :  when  the  pressure  in  the  artery 
begins  to  fall,  the  decline  of  the  needle  is 
delayed  by  a  brief  period  of  maintained  expan- 
sion, which  may  amount  to  an  actual  wave  of 
renewed  expansion.  This  elevation  is  much 
more  marked  in  tracings  made  from  the  carotid 
and  brachial  ai'teries,  i.e.  nearer  the  heart. 
The  instrument  exaggerates  this  feature  of  the 
sphygmogram. 

The  next  event,  however,  the  dicrotic  tvave 
(/),  corresponds  to  a  true  secondary  wave  of 
increased  blood  pressure  in  the  arterial  system. 
The  dicrotic  notch  (e)  marks  very  precisely  the 
time  of  closure  of  the  aortic  valves. 

After  these  general  statements  it  is  necessary 
to  discuss  some  of  the  features  of  the  pulse- 
curve  more  particularly.  It  may  be  said  at 
once  that  much  confusion  has  arisen  from  the 
use  of  the  terms  "percussion  wave"  and  "tidal 
wave  "  in  describing  the  sphygmogram.  It  is 
admitted  by  all  that  these  two  waves  occur 
during  the  systolic  contraction  of  the  ventricle, 
and  that  the  other  waves  occur  during  the 


diastole.  Yet  the  percussion  wave  is  usually 
regarded  as  a  distinct  event  in  the  pulse-curve, 
which  should  be  entirely  separated  from  the 
tidal  wave  except  under  certain  conditions  where 
the  two  waves  are  blended  to  form  a  single 
summit  to  the  tracing.  Mahomed  re- 
garded the  systolic  portion  of  the  pulse- 
curve  as  composed  of  two  factors,  i.e.  the 
percussion  and  the  tidal  waves.  The  per- 
cussion wave  he  described  as  the  sudden 
primary  expansion  of  the  artery  due  to 
the  shock  of  systole  on  the  aortic  con- 
tents ;  the  tidal  wave  he  supposed  to  be 
due  to  the  more  gradual  distension  of  the 
artery.  Burdon  Sanderson  says:  "As  a 
rule,  the  sensibility  of  the  finger  is  most  affected 
at  the  moment  the  artery  attains  its  acme  of 
tension,  e.g.  at  the  height  of  the  tidal  wave,  but 
in  low-tension  pulses  the  same  cause  which  jerks 
up  the  lever  of  the  sphygmograph  (percussion 
stroke)  communicates  the  first  sensation  to 
the  finger."  It  will  be  instructive  to  quote 
the  following  passage,  from  the  writings  of 
Mahomed,  bearing  on  the  significance  of  the 
tidal  wave.  He  said  :  "  The  simplest  pulsatile 
movement  that  can  be  conceived  in  an  elastic 
tube  is  the  mere  passage  of  a  wave  of  fluid 
through  it,  causing  more  or  less  sudden  expan- 
sion and  a  gradual  collapse  of  the  tube,  as  it 
passes  through  it ;  such  a  wave  is  the  founda- 
tion of  the  pulse,  and  has  been  called  the  '  tidal ' 
wave.  If  the  impulse  imparted  to  the  fluid  is 
more  sudden,  an  element  of  percussion  or  shock 
will  be  introduced,  giving  an  abrupt  and  vertical 
up-stroke,  from  the  jerking  up  of  the  lever  by 
the  sudden  expansion  of  the  artery.  Owing  to 
its  acquired  velocity,  this  movement  of  the  lever 
is  rather  greater  than  the  corresponding  move- 
ment in  the  arterial  wall  which  produced  it,  and 
on  reaching  its  highest  point  it  falls  suddenly 
by  its  own  weight,  till  it  is  again  caught  and 
perhaps  slightly  raised  by  the  tidal  wave,  which 
is  now  only  reaching  its  maximum  of  disten- 
sion. .  .  .  The  tidal  wave  is  the  true  pulse- 
wave,  and  indicates  the  passage  of  a  volume  of 
blood  through  the  arteries,  pumped  into  them 
by  each  contraction  of  the  heart.  It  resembles 
the  passage  of  the  tidal  wave  or  '  bore '  up  a 
river ;  hence  its  name.  It  is  transmitted  more 
slowly  than  the  percussion  wave,  or  rather 
attains  its  maximum  intensity  more  gradually  ; 
hence  their  separation  in  the  tracing.  Though 
they  usually  commence  to  distend  the  artery 
together,  the  percussion  wave  necessarily  attains 
its  maximum  intensity  instantaneously,  it  being 
only  a  shock,  while  the  tidal  wave  does  so  more 
gradually.  Sometimes  a  considerable  interval 
elapses  between  them.  Frequently  they  are 
inseparable,  the  percussion  wave  not  existing  or 
else  being  merged  into  the  tidal." 

Although  Mahomed  here  makes  use  of  the 
terms  "  percussion "  and  "  tidal  "  waves,  still 
he  appreciates   the   important  fact  that  the 
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former  is  of  instrumental  origin  when  it  appears 
as  a  separate  apex  to  the  pulse-curve.  From 
this  description  we  are  led  to  a  true  conception 
of  the  systolic  portion  of  the  sphygmogram. 

The  Systolic  Wave. — From  a  study  of  simul- 
taneous tracings  of  the  pulse,  aortic  pressure, 
apex-beat,  and  intra-ventricular  pressure,  as 
worked  out  experimentally  by  Hurthle,  von 
Frey,  and  others,  it  is  clear  that  the  up-stroke 
of  the  sphygmogram  coincides  exactly  with  the 


FlQ.  12. — Simultaneous  tracings  from  the  aorta  (fusiform  dilatation)  and  radial  pulse. 
The  spaces  E  represent  the  duration  of  the  ventricular  outflow ;  the  up-stroke 
of  the  sphygmogram  corresponds  exactly  with  the  rise  of  the  aortic  pressure. 
(Time  register  in  fifths  of  a  second — writer's  time-marlier.) 

rise  of  the  aortic  pressure — the  so-called  per- 
cussion wave  does  not  occur  earlier  than  this, 
and  therefore  it  must  not  be  regarded  as  a 
separate  event  in  the  tracing  (Fig.  12).  Dr. 
James  Mackenzie  has  greatly  simplified  matters 


Fig.  13. — The  systolic  and  dicrotic  waves— the  true 
iutra-arterial  waves. 

by  applying  the  term  systolic  ivave  to  the  first 
part  of  the  sphygmogram,  fi'om  the  commence- 
ment of  the  rise  to  the  dicrotic  notch.  This,  in 
the  writer's  opinion,  is  the  most  correct  and 
rational  method  of  interpretation  yet  adopted, 
and  it  indicates  the  true  re- 
lationship of  the  ventricular 
and  arterial  pressures. 

The  principal  fact  to  lay 
hold  of  is  this,  that  there  is 
only  a  single  wave  movement 
produced  in  the  arterial  sys- 
tem at  the  time  the  ventri- 
cular contents  are  forced 
through  the  aortic  valves,  and  this,  as  Mackenzie 
suggests,  may  be  called  the  systolic  wave. 

In  the  tracing  of  a  low-pressure  pulse  (Fig.  13), 
the  heart  movement  which  gives  rise  to  this 
wave  is  apparent  as  a  single  elevation,  and  then 
the  second  and  slighter  increase  in  arterial 
pressure  which  follows  is  depicted  as  the  dicrotic 
wave.  Therefore,  when  the  radial  artery  is 
compressed  by  the  pad  of  the  sphygmograph, 
these  two  waves — true  intra-arterial  waves  of 
pressure — produce  two  expansions  of  the  vessel, 


and  the  simplest  type  of  sphygmogram  is  re- 
presented. 

The  Dicrotic  Wave.  —  With  regard  to  the 
nature  of  the  dicrotic  wave  we  may  give  the 
following  explanation  : — After  the  completion  of 
its  systolic  contraction  the  ventricle  begins  to 
relax,  and  in  doing  so  any  support  afforded  to  the 
aortic  cusps  by  its  contracted  walls  is  withdrawn. 
A  negative  wave  is  thus  set  up  which  travels 
towards  the  heart.  This  wave  is  arrested  by 
meeting  the  closed  aortic  valve, 
and  is  reflected  as  a  positive 
wave  towards  the  periphery. 
Hence  it  is  accompanied  by  a 
renewed  rise  in  the  blood  pres- 
sure, and  is  indeed  sometimes 
appreciated  by  the  finger  as  a 
second  though  feebler  pulse- 
wave. 

That  the  two  waves — systolic 
and  dicrotic — are  the  only  es- 
sential ones  in  a  pulse-tracing 
is  easily  demonstrated  by  allowing  the  blood  to 
spurt  from  a  cut  artery  on  to  the  surface  of  a 
revolving  drum,  when  the  so-called  hjem-auto- 
graph  is  obtained. 

Modifications  of  the  Systolic  Wave. — It  so 
happens  that  what  is  generally  described  as  the 
normal  sphygmographic  tracing  shows  more 
than  these  two  waves,  for  between  the  summit 
of  the  first  wave  and  the  dicrotic  notch  there  is 
a  second  upheaval  (Fig.  10).  This  upheaval 
may  sometimes  rise  to  a  higher  level  than  the 
first  summit,  or  it  may  be  poorly  represented. 
The  systolic  wave  may  therefore  appear  in  the 
sphygmogram  as  a  single  curve,  or  it  may  be 
broken  up  into  two  or  more  distinct  elevations 
owing  to  the  participation  of  other  factors. 
The  sphygmograph  plays  an  important  part  in 
the  breaking  up  of  the  systolic  wave,  but  the 
arrangement  of  the  two  summits — i.e.  the  time 
of  occurrence  of  the  second  wave — is  determined 
largely  by  the  degree  of  obstruction  to  the 


Fig.  14.— The  modification  of  the  systolic  wave  in  aortic  stenosis — the  second  summit 
forms  the  highest  part  of  the  tracing. 

outflow  of  blood  from  the  ventricle  into  the 
aorta,  and  also  by  the  state  of  the  resistance  in 
the  peripheral  arteries.  Thus  interference  with 
the  propagation  of  the  systolic  wave  from 
marked  narrowing  of  the  aortic  orifice  will 
produce  a  fairly  constant  and  characteristic 
modification  of  the  summit  of  the  sphygmogram 
— the  wave  is  broken  up  early,  and  the  second 
elevation,  which  may  be  pointed  or  rounded, 
forms  the  highest  part  of  the  tracing  (Fig.  14). 
Again,  with  the  normal  propagation  of  the 
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systolic  wave  a  contracted  state  of  the  peripheral 
arteries  may  also  lead  to  a  fairly  typical  division 
of  the  summit.  Both  waves  may  be  of  about 
equal  size,  with  a  notch  of  varying  depth 
between  them  (Fig.  15).  With  greater  peri- 
pheral resistance  the  tracing  is  frequently  of 
the  type  shown  in  Fig.  16,  and  should  the 
resistance  become  still  further  increased  the 


FlQ.  15.— Modification  of  the  systolic  wave  produced  by  moderate 
peripheral  resistance.  There  are  two  summits  of  about  equal 
size  with  a  notch  between  them.  (Tubercular  meningitis- 
child  jet.  5  years.)   The  type  of  pulse  irregularity  is  also  shown. 


pulse  may  become  anacrotic  {see  p.  399). 
Under  certain  conditions,  e.g.  pyrexia,  where 
the  peripheral  vessels  are  dilated  and  the 
ventricles  excited,  a  somewhat  similar  summit 
may  be  formed,  and  is  entirely  due  to  instru- 
mental defects.  In  some  cases  of  aortic  regur- 
gitation without  stenosis, 
this  kind  of  summit  is  fre- 
quently seen  (Fig.  17). 

The  manner  in  which  the 
systolic  wave  is  broken  up  is 
in  many  cases  suggestive, 
but  the  writer  agrees  with 
Mackenzie  that  it  is  better 
to  discard  all  terms  of  signifi- 
cation in  naming  the  vari- 
ous summits.  There  is  the 
single  heart  wave — the  systolic  wave — and  the 
dicrotic  wave,  which  is  dependent  upon  the 
closure  of  the  aortic  valves.  Modifications  in 
the  outline  of  this  simple  form  of  sphygmogram 
may  result  from  the  participation  of  the  other 
factors  mentioned. 


they  recognise,  in  addition  to  inertia  waves, 
three  heart  waves.  The  up-stroke  corresponds 
to  a  primary  heart  wave,  and  is  due  to  the 
ventricular  contraction ;  for  the  percussion 
wave  of  Mahomed  they  substitute  the  term 
papillary  wave,  as  they  believe  this  to  be 
due  to  the  late  and  transient  contraction  of 
the  papillary  muscles  ;  the  tidal  or  predicrotic 
elevation  is  called  the  outjlo^v-remainder  wave, 
on  the  gi'ound  that  it  results  from  a  con- 
tinued contraction  of  the  heart  wall,  which 
persists  longer  than  that  of  papillary  muscles. 

Roy  and  Adami,  in  studying  the  pulse- 
curve,  made  use  of  an  instrument  called 
the  sphygmometer  (see  Practitioner,  vol.  xlv. 
p.  29,  1890).  With  this  instrument  the 
authors  claim  that  the  pressure  upon  the 
artery  can  be  regulated  exactly  ;  that  the 
tracings  are  sufficiently  large  to  enable  one 
to  distinguish  minute  variations  in  the 
characters  of  the  pulse-wave  ;  that  the  curves 
are  free  from  inertia  vibrations ;  and,  lastly, 
that  the  blood  pressure  within  the  artery  can 
be  measured. 

Views  of  von  Frey  and  von  Kries. — Von  Kries 
and  von  Frey,  in  their  interpretation  of  the 


FlO.  17. — Pulse  in  aortic  regurgitation  without  stenosis.   The  double 
summit  of  the  systolic  wave  is  of  instrumental  origin. 


Views  of  Roy  and  Adami. — The  views  of 
Roy  and  Adami  as  to  the  origin  of  the  leading 
features  of  the  systolic  portion  of  the  pulse- 
tracing  may  be  briefly  referred  to ;  but,  for 
the  reasons  in  favour  of  such  changes  in 
nomenclature  as  they  suggest,  their  paper 
must  be  consulted  {Practitioner,  1890).  Roy 
and  Adami  lay  great  stress  upon  the  mode  of 
cardiac  contraction,  and,  generally  speaking. 


Fig.  16. — Modification  of  the  systolic  wave  produced  by  pronounced  increase  in 
peripheral  resistance.   (Tubercular  meningitis- child  set.  3i  years.) 


pulse-curve,  adopt  the  view  that  there  is  only 
a  single  heart  wave,  and  that  there  are  rebounds 
of  this  wave  within  the  arterial  system.  Waves 
set  up  within  an  artery  may  rebound  from  the 
points  of  division  of  the  vessel,  but  the  chief 
site  of  rebound  is  the  periphery  of  the  vascular 
system — the  capillary  area.  These  waves 
modify  each  other  by  interference. 

Von  Frey  concludes  that  the  thorough 
discussion  of  any  pulse-tracing  is,  strictly 
speaking,  impossible  in  the  absence  of  a 
knowledge  of  the  number,  origin,  and  direc- 
tion of  the  waves  which  share  in  its  pro- 
duction. 

From  recent  observations  by  Leonard  Hill 
and  others  it  would  seem  not  impossible  that 
the  degree  of  distension  of  the  vense  comites 
in  the  radial  sulcus  may  affect  the  pulse-tracing, 
as  it  may  also  mislead  one  in  forming  an  estimate 
of  the  pulse  by  means  of  the  finger.  According 
to  these  observers,  the  radial  sphygmogram 
must  be  interpreted  as  a  pressure  curve,  for  the 
movements  of  the  lever  of  the  sphygmograph 
are  produced  by  the  changes  in  pressure  in  the 
vessels  which  lie  in  the  radial  sulcus.  We 
think  undue  importance  has  been  ascribed  to 
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venous  influence,  but  we  shall  refer  to  the 
matter  again  under  the  section  of  pulse  and 
respiration. 

Digital  Sphygmographs. — It  must  be  borne  in 
mind,  however,  that  when  the  pulse  is  felt  in 
the  usual  way,  or  when  the  pad  of  the  sphygmo- 
graph  is  applied  over  its  site,  a  much  more 


Fig.  18.— Tracing  from  the  pulp  of  the  middle  finser  (Dudgeon's 
sphygmograph)  (identical  with  radial  sphygmogram). 

complex  set  of  movements  is  obtained  than  is 
generally  recognised.  Thus  the  tracing  is  more 
than  a  diagram  of  the  changes  of  blood  pressure 
within  the  artery.  It  is  perhaps  more  correctly 
to  be  regarded  as  a  representation  of  a  com- 
municated pulsation  from  the  vessel    to  the 


systole,  and  there  is  a  consequent  "sucking-in" 
of  the  tissues  adjacent  to  it.  This  is  well  shown 
in  the  tracing.  Fig.  19,  where  the  pad  of  the 
sphygmograph  was  placed  alongside  a  large 
radial  artery.  The  lower  tracing  in  the  figure 
shows  that  the  needle  of  the  instrument  instead 
of  being  shot  upwards  at  the  time  of  systole,  as 


Fig.  19. — The  upper  tracing  was  taken  from  the  radial  artery  in  the  usual 
manner ;  the  lower  one  was  taken  with  the  pad  of  the  sphygmograph 
lying  alongside  the  artery.  The  lower  tracing  is  an  inverted  sphyg- 
mogram. 


tissues  and  liquids  surrounding  it.  Thus  the 
writer  has  taken  tracings  from  the  pulp  of  the 
middle  finger  by  means  of  Dudgeon's  sphygmo- 
graph, which  exhibit  all  the  features  of  an 
ordinary  radial  sphygmogram  {see  Fig.  18). 
Digital  sphygmographs  which  record  the  pulsa- 
tions of  the  vessels  of  the  nail  bed  have  been  in 
use  during  the  last  few  years,  and  Waller  has 
recently  described  a  very  useful  instrument  of 
this  kind  under  the  name  of  the  "onycho- 
graph." 

77ie  Inverted  Sp-ihygmogram. — It  must  not  be 
forgotten  also  that  there  is  some  displacement 
of  the  whole  artery  in  its  bed  at  each  systole 
of  the  ventricle.  Allen  Thomson  believed  this 
locomotion  of  the  artery  to  be  produced  by  the 
distension  and  elongation  of  the  larger  vessels 
near  the  heart,  and  in  many  persons  the  radial 
artery  may  be  seen  to  move  under  the  skin. 
These  displacements  are  most  easily  seen  in 
atheromatous  arteries  at  their  curvatures,  and 
where  they  adhere  to  surrounding  tissues. 
There  is  sometimes  a  considerable  movement  of 
the  radial  artery  at  the  time  of  the  ventricular 


Fig.  20. — Systolic  wave  as  a  single  summit — blood  pressure 
relatively  low. 

in  the  upper  tracing,  is  drawn  backwards,  thus 
forming  an  inverted  diagram  of  the  normal 
curve.  Mackenzie  figured  similar  tracings  to 
show  the  effects  of  the  sudden  movement  of  the 
carotid  artery  in  the  neck. 

General  Information  afforded  by  a  Sphygmo- 
gram.— From  a  good  sphygmogram  we 
obtain  information  on  many  points  in 
connection  with  the  heart  and  circula- 
tion :  (1)  we  ascertain  the  rate  and 
rhythm  of  the  heart ;  (2)  we  become 
acquainted  with  certain  events  occur- 
ring during  the  cardiac  systole ;  (3)  we 
get  some  indication  of  the  state  of  the 
blood  pressure ;  (4)  we  can  form  some 
idea  of  the  state  of  the  arterial  walls. 

We  can  only  judge  the  height  of  the 
blood  pressure  in  a  general  way  from 
the  form  of  the  pulse-curve.  When 
the  systolic  wave  appears  as  a  single 
summit,  we  may  usually  assume  that 
the  blood  pressure  is  relatively  low  (Fig.  20). 
When  a  large  systolic  wave  is  divided  by  a 
notch,  and  the  second  summit  is  large  and  well 
sustained,  the  pressure  in  the  vessels  is  gener- 
ally high,  but  is  not  always  so  in  people  over 
sixty  years  of  age  (Fig.  21). 


Fig.  21. — Large  divided  systolic  wave,  with  second  summit 
well  sustained — blood  pressure  high. 


Some  Features  of  the  Sphygmogram  due  to 
Instrumental  Defect. — There  are  certain  well- 
marked  features  in  many  tracings  made  with 
Dudgeon's  sphygmograph  which  are  undoubtedly 
due  to  a  defect  in  the  instrument.  It  is  well  to 
recognise  this,  and  defects  thus  caused  are  not 
altogether  undesirable  so  long  as  their  undue 
exaggeration   is   avoided.     With   care    it  is 
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possible  to  do  so,  but  in  some  low-pressure 
pulses  the  interpretation  must  always  be  some- 
what uncertain.  Thus  when  the  needle  is 
jerked  up  very  forcibly  the  apex  of  the  systolic 
wave  is  very  pointed,  or  may  even  be  looped 
(Fig.   22).    The  needle,  from  its  momentum, 

has  formed  an  apex 
to  the  curve  which 
is  out  of  all  propor- 
tion. When  this 
happens,  the  fall  of 
the  needle  is  also 
apt  to  be  too  ex- 
tensive, and  may 
come  down  to  the 
level  of  the  base  line 
or  below  it.  The  lowering  of  the  blood  pressiire 
during  the  diastole  of  the  ventricle  will  thus 
appear  to  be  very  sudden  and  extreme,  which  it 
really  is  not  (Fig.  23). 

The  Anacrotic  Pulse  and  the  Bisferiens  Pulse. 
— These  two  forms  of  sphygraogram  may  be 
conveniently  considered  together,  as  a  descrip- 
tion of  the  former  will  include  most  of  the 


Fig.  22. — Looping  of  systolic  wave 
(instrumental  defect). 


cleft  between  this  wave  and  the  tidal  wave  is 
very  deep.  The  tidal  wave  itself  is  pointed, 
and  the  aortic  notch  is  usually  situated  low 
down  in  the  line  of  descent.  The  dicrotic  wave 
is  usually,  but  not  always,  ill-developed. 

Steell   thus   describes   the   features   of  the 


t/FlG.  25. — Typical  anacrotic  pulse  from  case  of  aortic  stenosis. 

anacrotic  pulse:  —  (1)  The  up-stroke  slopes 
instead  of  being  perpendicular ;  (2)  the  per- 
cussion wave  is  practically  abolished ;  (3)  the 
tidal  wave  forms  the  summit  of  the  curve  ;  and 
(4)  the  dicrotic  wave  is  usually  ill-developed. 
In  addition  he  notes  the  characteristic  slowness 


FIO.  23. 


-Too  great  falling  of  the  first  summit  of  the  systolic 
wave  (instrumental  defect). 


no 


features  of  the  latter.     The  writer  sees 
reason  to  regard  them  as  separate  types. 

The  anacrotic  pulse  may  sometimes  be  a  true 
representation  of  the  course  of  events  in  the 
artery,  and  it  is  generally  supposed  to  be 
characteristic  of  marked  obstruction  to  the 
outflow  of  blood  from  the  ventricle  into  the 
aorta,  e.g.  aortic  stenosis.    Graham  Steell,  in 


Fig.  24. — Anacrotic  pulse,  where  the  systolic  wave  appears  as  a  rounded 
summit.  E  corresponds  to  the  systole  of  the  ventricle;  F  corresponds 
to  the  diastole  of  the  ventricle.    High  position  of  dicrotic  notch  (e). 


describing  the  pulse  in  aortic  stenosis,  recog- 
nises two  distinct  varieties:  (1)  the  anacrotic 
pulse;  and  (2)  the  bisferiens  pulse.  According 
to  this  authority,  the  former  is  the  more 
characteristic  pulse  in  narrowing  of  the  aortic 
orifice,  owing  to  its  sluggish  development  and 
infrequency  ;  the  latter  has  a  more  perpendicular 
up-stroke,  a  pointed  percussion  wave,  and  the 


Fig.  26.— Pulse  in  aortic  stenosis.   (Von  Jacquet's  sphyg- 
mograph)  (anacrotic  type). 

of  the  pulse,  which  is  an  important  point.  This 
description  coincides  with  Mahomed's  idea  of 
the  simplest  pulsatile  movement  in  an  elastic 
tube,  where  the  pulse-wave,  being  slowly 
delivered,  is  not  modified  by  the  percussion 
element.  In  the  anacrotic  pulse  the  systolic 
wave  may  in  some  instances  appear  as  a  single 
rounded  summit  (Fig.  24),  or  under 
other  conditions  there  may  be  a  dis- 
tinct break  in  the  line  of  the  up- 
stroke (Figs.  25  and  26).  Among 
other  factors  the  delicacy  of  the 
sphygmograph  is  responsible  for  the 
degree  of  development  of  this  notch. 
The  ventricle,  for  one  reason  or  an- 
other, has  some  difficulty  in  deliver- 
ing its  contents  into  the  aorta,  and 
hence  there  is  not  the  usual  sudden 
sharp  impact  imparted  to  the  column 
of  blood  in  the  arterial  system.  The  systolic 
wave  then,  if  graphically  recorded,  will  appear  as 
a  single  sluggish  elevation  or  as  a  divided  sum- 
mit, according  to  the  delicacy  of  the  instrument 
employed.  The  notch  may  occur  at  any  part 
of  the  up-stroke,  and  sometimes  it  occurs  at  the 
top  of  the  curve,  thus  giving  rise  to  a  double 
summit  (Fig.  27).    The  second  summit  tends 
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to  rise  more  and  more  above  the  level  of  the 
first-formed  apex  in  the  so-called  anacrotic 
pulse,  and  is  usually  well  sustained,  but  this 
last  feature  depends  on  other  factors.  If  there 
is  a  relatively  powerful  left  ventricle,  and 
perhaps  some  pyrexia,  the  two  waves  forming 
the  summit  may  be  equally  large  and  pointed, 


Fig.  27. — Anacrotic  pulse.   Shows  the  notch  dividing  the  two 
summits  of  the  systolic  wave  at  the  top  of  the  curve. 

and  the  cleft  between  them  may  be  very  deep. 
The  up-stroke  is  then  more  sudden  and  of 
greater  amplitude.  Exaggeration  of  these  waves 
is  of  instrumental  production,  and  it  is  in  this 
way  that  the  bisferiens  pulse  is  formed  (Fig.  28). 
The  writer  does  not  think  this  type  of  sphyg- 
mogram  occurs  in  cases  of  pure  aortic  stenosis 


the  bisferiens  pulse,  and,  generally  speaking, 
the  former  coexists  with  a  relatively  higher 
blood  pressure  than  the  latter. 

To  return  to  the  anacrotic  pulse,  we  may 
state  that  obstruction  to  the  outflow  of  blood  at 
the  junction  of  the  ventricle  and  aorta  is  not 
the  only,  or  even  the  chief,  condition  which 


Fig.  28. — Pulse  from  a  child  suffering  from  tubercular  meningitis  which 
has  assumed  the  bisferiens  type  under  the  influence  of  slight  pyrexia. 
This  pulse,  when  the  vessels  were  more  contracted,  gave  an  anacrotic 
curve. 


unless  there  is  an  elevation  of  the  temperature, 
or  at  any  rate  some  diminution  in  the  peripheral 
resistance.  A  form  of  curve  very  similar  to  the 
pulsus  bisferiens  is  commonly  obtained  in  cases 
of  aortic  incompetence  without  stenosis,  but  the 
second  summit  is  then  rarely  so  high  as  the 
primary  one  {see  Fig.  17).  The  double  summit 
under  these  circum- 
stances is  entirely 
dependent  upon  the 
sudden  and  forcible 
manner  in  which 
the  systolic  wave  is 
developed  in  the 
relatively  empty 
arterial  system. 

The  writer  would 
define  the  bisferiens 
pulse  as  one  in 

which  the  systolic  wave  is  broken  up  into 
two  more  or  less  pointed  summits  of  about 
equal  size,  the  second  summit  always  rising  to 
a  higher  level  than  the  first.  This  last  feature 
is  the  important  one,  and  it  belongs  also  to  the 
anacrotic  pulse.  Under  certain  circumstances 
the  anacrotic  pulse  may  become  modified  into 


Fig.  29. — Tracing  from  a  plexiform  angioma  of  the  scalp,  show- 
ing the  anacrotic  character  of  the  pulse-curve.  The  lower 
tracing  is  a  respiratory  one. 


produces  this  modification  of  the  systolic  wave, 
though  some  of  the  most  characteristic  tracings 
may  be  obtained  in  aortic  stenosis.  Anything 
which  tends  to  abolish  the  percussion  element 
in  the  wave  and  which  leads  to  the  more 
gradual  transmission  of  the  impulse  within  the 
arterial  tube,  will  produce  a  rounded  or 
anacrotic  curve.  Tracings  made  with 
the  plethysmograph  of  the  pulsation  of 
the  arm  or  leg  as  a  whole  are  generally 
anacrotic.  The  normal  form  of  intra- 
cranial pulse,  taken  from  the  fontanelle 
or  from  a  gap  in  the  skull,  is  anacrotic. 

The  writer  recently  made  tracings 
from  a  plexiform  angioma  which  pul- 
sated as  a  mass  under  the  scalp  of  a 
child  aged  seven  years.  The  type  of 
curve  obtained  was  also  anacrotic  {see 

Fig.  29). 

In  very  young  infants  the  sphygmogram  of 
the  radial  artery  is  frequently  anacrotic,  and 
the  same  kind  of  pulse-curve  is  obtained  in 
some  cases  of  aneurysm  of  the  aorta  in  adults, 
for  reasons  which  will  be  stated  hereafter.  But 
in  the  opinion  of  the  writer  the  most  powerful 


Fig.  30.— Pulse  of  child  aged  5  years,  suffering  from  tubercular  meningitis.  The  peripheral  arteries 
have  become  somewhat  relaxed,  and  the  usual  anacrotic  character  of  the  curves  has  disappeared. 
The  second  summit  of  the  systolic  wave  is  still  well  developed.  The  type  of  pulse  irregularity 
in  this  disease  is  well  shown. 

single  factor  in  the  production  of  the  anacrotic 
pulse  is  contraction  of  the  peripheral  vessels.  In 
children  he  is  convinced  that  this  is  so,  and  in 
some  cases  of  tubercular  meningitis,  where  even 
the  larger  arteries  (radials)  are  tightly  con- 
tracted, this  form  of  sphygmogram  is  very 
characteristic.    Sometimes,  when  the  child  is 
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slightly  feverish,  the  two  elevations  composing 
the  summit  may  be  of  nearly  equal  size,  and  if 
the  vaso-constriction  be  more  completely  re- 
moved, the  second  summit  may  be  smaller  than 
the  first,  but  is  still  remarkably  developed 
(Fig.  30).  When  the  radial  artery  is  felt  to  be 
contracted  in  this  manner,  the  systolic  wave  is 
invariably  rendered  anacrotic,  or  is  divided 
into  a  double  summit ;  and  should  the  vessel 
relax  somewhat  it  is  quite  possible,  as  Graham 
Steell  states,  for  the  finger  to  appreciate  the 
two  summits  of  this  wave.  The  writer  has 
frequently  known  such  a  pulse  called  dicrotic. 
He  can  also  confirm  Steell's  observation  as  to 
the  development  of  this  feature  on  one  side  of 
the  body  only ;  in  carotid  tracings  it  is  not 
unusual  to  find  that  from  the  left  side  ana- 
crotic, while  that  from  the  right  side  is 
normal — katacrotic. 

A  very  good  example  of  the  anacrotic  pulse  is 
shown  in  Fig.  31.  It  was  obtained  from  a  boy 
fourteen  years  old,  who  had  extreme  hyper- 
trophy of  the  left  ventricle  and  remarkable 
thickening  of  the  arteries  all  over  the  body. 
It  was  with  great  difficulty  that  the  pulse  could 
be  felt  in  the  radial,  or  even  in  the  brachial 


systolic  wave  in  a  similar  way,  for  a  normal 
pulse-curve  can  by  this  means  be  made  to  ex- 
hibit anacrotic  characters. 

The  anacrotic  sphygmogram  is  sometimes  a 
true  representation  of  the  course  of  events  in 
the  artery,  but  it  may  also  be  obtained  by  faulty 
application  of  the  sphygmograph.    Such  a  curve 


Fig.  31. — Very  marked  anacrotism  of  the  pulse  in  a  case  where 
the  peripheral  resistance  was  enormously  increased. 

artery,  and  the  presence  of  Eaynaud's  pheno- 
mena in  the  hands  and  feet  suggested  consider- 
able obstruction  in  the  peripheral  blood-supply. 
The  boy  died  from  a  cerebral  haemorrhage,  the 
result,  doubtless,  of  the  excessively  high  arterial 
pressure.  The  whole  arterial  system  was 
found  to  be  uniformly  thickened  and  contracted 


Fig.  32.— The  foutanelle  pulse  taken  by  means  of  a  system 
of  tambours  (rounded,  slightly  anacrotic  curve). 

almost  to  the  obliteration  of  the  lumen  in  some 
of  the  smaller  branches.  The  left  ventricle 
showed  pure  concentric  hypertrophy,  and  the 
aorta  was  greatly  naiTowed  throughout  its  whole 
course.  Here  the  peripheral  resistance  must 
have  been  enormous,  and  this  was  probably  the 
factor  mainly  concerned  in  modifying  the  sys- 
tolic wave  in  the  manner  described.  Com- 
pression of  the  abdominal  aorta  will  alter  the 
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Fig.  33. — Fontanelle  pulse  from  infant  aet.  4  months,  of  typically 
anacrotic  character.  Normal  form  of  intracranial  pulse. 
(Dudgeon's  sphygmograph.) 


must  often,  for  this  reason,  be  regarded  with 
suspicion  as  being  possibly  an  incorrect  record 
of  the  pulse  under  examination. 

The  Fontanelle  Pulse} — In  the  young  child 
the  brain,  surrounded  by  fluid,  is  contained 
within  the  unyielding  cranium.  At  one  point 
there  is  a  small  area  of  elastic  membrane — the 
fontanelle.  The  impulse  of  the  left  ventricle — 
systolic  wave — is  propagated  to  the  arteries 
which  ramify  in  the  brain  substance,  and  the 
whole  organ  expands.  The  fluid  surrounding 
it  is  then  compressed,  and  the  membranous 
area  is  raised  slightly.  This  is  one  of  the 
fontanelle  movements — the  arterial — and  it  is 
really  a  plethysmographic  pulsation.  In  this 
case  the  systolic  wave  is  acting  against  great 
resistance,  so  the  percussion  element  is  largely 
abolished.  This  pulsation  of  the  fontanelle  is 
the  expression  of  the  more  or  less  gradual  swelling 
of  the  brain  ;  and  if  a  tracing  be  made  by  means 
of  a  system  of  tambours,  a  single  slowly  rising 
wave  is  often  all  that  is  obtained,  or  the  curve 
may  be  slightly  anacrotic  (Fig.  32).  But  by 
means  of  more  deli- 
cate apparatus,  e.g. 
Dudgeon's  or  Marey's 
sphygmograph,  the 
single  wave  can  be 
broken  up  into  a  curve 
which  is,  as  a  rule, 
typically  anacrotic. 
This  is  the  normal 
form  of  intracranial 
pulse,  and  especially 
so  when  the  general 
arterial  blood  pres- 
sure is  high  (Fig.  33). 

Another  movement 
of  the  fontanelle  occurs  with  respiration.  With 
inspiration  blood  is  sucked  out  of  the  venous 
sinuses  of  the  brain  towards  the  right  heart, 

1  For  fuller  information  on  this  subject  the  reader  is 
referred  to  a  valuable  paper  by  Drs.  Robert  Hutchison 
and  George  Elder,  Ed.  Hasp.  Reports,  vol.  iii.  p.  268. 

26 


Fig.  34.— Simultaneous  tracings 
of  the  respiratory  movements 
and  the  fontanelle  pulse  to 
show  the  smaller  arterial  pul- 
sations during  inspiration,  and 
the  larger  ones  during  expira- 
tion. (Tlie intracranial  tension 
was  low.) 
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and  the  volume  of  the  brain  is  thus  diminished. 
Hence  the  membrane  is  drawn  inwards,  and  the 
arterial  pulsations  which  occur  during  the  in- 
spiratory phase  are  of  smaller  size  (Fig.  34). 
Exactly  the  opposite  thing  happens  during  ex- 
piration— distension  of  the  brain  and  bulging 
of  the  fontanelle.  With  a  high  intracranial 
tension — bulging  fontanelle — the  respiratory 
.  undulations  become  less  marked,  while  with  a 
low  intracranial  tension — depression  of  the  fon- 
tanelle— they  are  well  developed. 

The  Interpretation  of  Features  due  to  Instru- 
mental Defect.  —  Some  of  the  features  in  the 
sphygmogram  which  we  know  not  to  be  depen- 
dent upon  true  arterial  waves  may,  nevertheless, 
be  turned  to  good  account.  The  height  of  the 
up-stroke  made  by  the  needle  depends  so  much 


Fig.  37.— Pulse  of  aortic  regurgita- 
tion. To  show  the  small  size  of 
the  dicrotic  wave,  and  its  posi- 
tion at  the  lowest  part  of  the 
tracing. 


Fig.  35. — Sphygmogram  from  radial  artery  during  an  attack  of 
dyspnoea  with  marked  contraction  of  the  peripheral  arteries. 
Kadial  calibre  2'4  mm.  Systolic  wave  slanting,  blood  pressure 
relatively  high. 


upon  conditions  and  methods  of  applying  the 
instrument  that  it  has,  as  a  rule,  little  signifi- 
cance. But  in  some  instances,  where  a  series  of 
tracings  is  carefully  made  on  the  same  patient 
when  there  is  reason  to  believe  that  his  radial 
calibre  is  undergoing  daily  variations,  then  the 
height  of  the  up-stroke  is  of  some  suggestive 
moment.  It  will  afford  some  indication  of  the 
state  of  tonus  of  the  vessel.  In  the  tightly  con- 
tracted state  the  play  of  the  arterial  wall  will 
certainly  be  much  less  than  when  the  artery  is 
fully  relaxed.  The  writer  has  taken  many 
sphygmograms  to  illustrate  this  point,  and  has 
confirmed  the  results  obtained  by  measurements 
of  the  calibre  of  the  radial  artery  by  means  of 
Oliver's  arteriometer  (Fig.-^.  35  and  36).  Trac- 
ings made  under  the  influence  of  amyl-nitrite 


nearly  a  right  angle  to  the  moving  smoked 
surface  ;  it  may  rise  in  a  more  slanting  direction, 
or  it  may  sometimes  be  distinctly  bent  inwards 
during  its  ascent. 

A  sudden  rise  of 
the  needle  indicates 
that  there  is  a  rel- 
atively strong  ven- 
tricle, and  that  the 
distribution  of  the 
blood  through  the 
arterial  system  is 
unimpeded.  This 
is    seen   in  some 

cases  of  aortic  regurgitation,  and  the  systolic 
wave  in  such  a  tracing  may  have  a  double 
summit,  and  that  of  the  first  may  be  looped. 
The  modification  of  the  systolic  wave  in  such 
cases  is  purely  of  instrumental  origin — it 
does  not  imply  coexisting  stenosis.  A 
similar  summit  may  be  obtained  in  any  case 
where  pyrexia  has  excited  the  ventricle  and 
dilated  the  peripheral  vessels.  A  distin- 
guishing feature  in  the  sphygmogram  of 
aortic  incompetence  is  the  small  size  of  the 
dicrotic  wave  and  its  position  at  the  lowest 
part  of  the  tracing  (Fig.  37). 

When  a  relatively  strong  ventricle  is  act- 
ing against  some  peripheral  resistance  the 
up-stroke  of  the  tracing  may  also  be  sudden, 
but  a  smaller  systolic  wave  is  produced.  The. 
summit  is  again  divided,  and  the  first  apex  may 


6.— Tracing  from  the  same  case  after  treatment  by  nitrites,  showing  in 
ilse,  larger  and  more  vertical  systolic  wave ;  exaggerated  dicrotism, 


Fig.  36. 

pulse,     .  .  _ 

abortive  contractions  of  the  ventricle.    Arteries  are  relaxed- 


prove  that  the  height  of  the  up-stroke  is  some- 
times a  feature  from  which  certain  conclusions 
may  be  drawn. 

The  direction  of  the  up-stroke  is  of  much 
greater  importance.    It  may  rise  vertically — at 


FIG.  38.— To  show  the  kind  of  sphygmogram  sometimes  produced 
when  a  relatively  strong  ventricle  is  acting  against  consider- 
able peripheral  resistance.   (Instrumental  defect.) 

be  looped,  acute,  or  rounded,  while  there  i 
sometimes  a  considerable  fall  of  the  needl 
towards  the  abscissa  before  the  second  wave  i 
developed.  This  secon 
wave  may  be  also  un 
usually  pointed  owing  to 
the  inertia  of  the  needl 
{see  Figs.  30  and  38). 

With  a  relatively  wea' 
ventricle  and  norma 
peripheral  resistance 
the  up-stroke  is  apt 
be  more  oblique ;  and  i 
an  instrumental  apex  t 
the  systolic  wave  1 
formed,  it  is  a  small  one.  The  up-stroke  ma 
be  incurved  where  the  ventricle  is  powerful,  an 
the  peripheral  resistance  increased.  It  is  a 
instrumental  defect  (Fig.  39). 

With  regard  to  the  fall  of  the  needle  it  ma 


increased  volume  of 
especially  in  the 
radial  calibre  2  7  mm. 
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be  said  that  a  slow  and  even  fall,  with  little 
prominence  of  the  dicrotic  wave,  argues  a  rel- 
atively high  blood  pressure  ;  a  low  pressure  in 
the  arteries  is  usually,  but  not  always,  distin- 
guished by  a  rapid  descent  of  the  needle,  and 


.Fia.  39. — To  show  the  incurved  up-stroke— an  instrumental  defect. 

by  a  well-developed  dicrotic  wave.  The  excur- 
sion of  the  needle  is  generally  greater  when  the 
blood  pressure  is  low. 

The  Value  of  the  Sphygmogram  as  indicating 
THE  State  of  the  Blood  Pressure 
(a)  The  Position  of  the  Dicrotic  Notch. — ^The 
question  of  blood  pressure  is  only  partially  dis- 
cussed by  the  behaviour  of  the 
needle  of  the  sphygmograph.  In 
forming  an  estimate  of  the  arterial 
pressure  from  a  pulse  tracing,  we 
should  specially  note  the  position  of 
the  dicrotic  notch  on  the  down-stroke 
of  the  curve.  The  higher  the  posi- 
tion of  this  notch  the  higher  the  blood 
pressure.  Its  height  above  the  base 
line  of  the  tracing  is  therefore  an 
important  point  in  deciding  this 
question.  The  tracing.  Fig.  40,  was 
taken  from  the  case  already  described,  where 
great  hypertrophy  of  the  left  ventricle  co- 
existed with  general  thickening  and  narrowing 
of  the  arteries  {see  p.  401).  The  height  of  the 
blood  pressure  in  this  instance  must  have  been 
exceptional,  and  it  is  interesting  to  note  the 
remarkably  high  position  of  the  dicrotic  notch 
above  the  base  line  of  the  tracing.    The  low 


versely  the  gradual  disappearance  of  the  dicrotic 
wave  in  a  case  of  this  kind  denotes  that  the 
blood  pressure  is  falling  to  a  dangerously  low 
point.    From  a  tracing  of  this  type,  if  it  per- 
sist, one  may  most  always  prognosticate  a  fatal 
issue,  and  in  the  pneumonias  of  young  children 
the  writer  has  not  so  far  found  a  single  ex- 
ception to  this.     A  tracing  is  appended  to 
illustrate  this  type  of  pulse   from  a  child 
dying  of  broncho-pneumonia  (Fig.  41). 

Should  an  increase  in  the  blood  pressure 
occur  in  a  case  of  this  kind,  the  first  indication 
is  the  appearance  of  a  dicrotic  wave.  Therefore 
this  can  always  be  regarded  as  a  reassuring 
sign.    In  the  rapidly  dilating  heart  of  pneu- 
monia and  acute  rheumatism  in  children,  it 
has  been  elsewhere  pointed  out  that  the  most 
significant  and  striking  symptom  is  often  the 
disappearance  or  great  diminution  of  the  di- 
crotic  wave.     A  case  of  extreme  rheumatic 
dilatation  in  a  young  child  showed  this  feature 
when  first  examined,  and  there  was  also  epi- 
gastric pulsation.     After  a  few  days'  rest  in 
bed,  recovery  was  indicated  by  the  reappearance 


\ 

Fig.  40. — To  show  the  high  position  of  the  dicrotic  notch  above 
the  tracing.  Indicates  a  high  arterial  blood  pressure.  E, 
tricle ;  F,  diastole  of  ventricle. 

position  of  the  notch  in  aortic  regurgitation 
may  be  usefully  compared  with  this  (see  Fig.  37). 

(6)  The  Character  of  the  Dicrotic  Wave. — 
This  is  also  suggestive.  If  the  dicrotic  wave 
has  been  absent  or  very  small  in  a  sphygmo- 
gram of  the  low-pressure  type,  and  gradually 
becomes  more  developed,  we  may  safely  affirm 
that  the  arterial  pressure  is  increasing.  Con- 


FlQ.  41. — Pulse  and  respiration  in  a  case  of  fatal  broncho-pneumonia.  Child 
set.  If  years.  To  show  the  disappearance  of  the  dicrotic  wave — blood  pres- 
sure dangerously  low. 


of  the  dicrotic  wave  in  the  pulse-curve,  and  by 
the  disappearance  of  epigastric  pulsation. 

(c)  The  Significance  of  the  Dicrotic  Wave. — 
The  presence  of  the  dicrotic  wave  indicates  that 
there  is  some  degree  of  arterial  pressure,  for 
the  pressure  must  be  excessively  low  when  the 
i-ecoil  wave  is  not  sufficiently  powerful  to  be 
reflected  from  the  aortic  valve.  The  summit  of 
the  dicrotic  wave  is  usually  less 
pointed  than  the  systolic  wave. 

DlCROTISM  AND  HyPERDICROTISM. 

— In  the  so-called  dicrotic  pulse 
the  dicrotic  notch  bears  a  certain 
relationship  to  the  base  line  of  the 
trace.  If  it  descend  to  the  base 
line  before  the  dicrotic  wave  is 
developed,  the  pulse  is  sometimes 
called  fully  dicrotic.  Should  the 
notch  occur  below  the  level  of  the 
abscissa  the  pulse  is  said  to  be  hyperdicrotic. 
This  may  occur  to  such  a  degree  that  the 
dicrotic  wave  runs  into  the  up-stroke  of  the 
next  beat.  The  rate  of  the  pulse,  combined 
with  increased  inertia  of  the  needle,  plays  a 
very  large  part  in  the  production  of  this  ex- 
aggerated dicrotism.  Hyperdicrotism  is  always 
associated  with  great  frequency  of  the  pulse, 
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and  with  general  relaxation  of  the  vessel  (Figs. 
42,  43,  and  44). 

The  Monocrotic  Pulse. — It  is  somewhat  diffi- 


FlQ.  42. — Typical  dicrotic  pulse  (enteric  fever,  20tli  day). 

cult  to  decide  upon  the  form  of  pulse-curve 
to  which  this  term  may  be  correctly  applied. 
The  usual  definition  of  a  monocrotic  pulse  is 


Fig.  43. — More  fully  developed  dicrotism. 

one  in  which  the  dicrotic  wave  is  absent.  The 
sphygmogram  shows  a  series  of  single  curves, 
but  in  some  of  these  the  position  of  the  dicrotic 


Fig.  44.— Hyperdicrotism  of  tlie  pulse.   This  is  largely  the  result 
of  the  needle  of  the  sphygmograph  and  extreme  rapidity 


Again,  when  the  arterial  pressure  is  low  and 
the  pulse  rapid,  the  dicrotic  wave  may  be  de- 
veloped to  such  an  extent  that  it  nearly  equals 
the  size  of  the  systolic  wave.  Such  a  tracing 
as  Fig.  47,  where  the  diastolic  phase  of  the 
ventricle  is  hardly  apparent,  might  be  mis- 
taken for  a  monocrotic  pulse. 

Speaking  of  the  monocrotic  pulse,  Mahomed 
said  ;  "  A  monocrotic  pulse  is  merely  a  hyper- 
dicrotic  pulse,  which  is  so  rapid  that  the 
primary  up-stroke   becomes  superimposed 
upon  the  dicrotic  wave,  which  has  not  time  to 
travel  to  the  radial  before  the  more  rapidly 
transmitted  pi'imary  wave  of  the  succeeding 
cardiac  contraction  overtakes  and  ab- 
sorbs it,  as  one  often  sees  a  small  wave 
of  the  sea  merged  into  the  larger  one 
which  has  overrun  it. 

In  a  very  rapid  hyperdicrotic  pulse  we 
have  observed  this  for  a  few  beats  at  a 
time  {see  Fig.  45),  but  in  such  a  case  the 
dic7-otic  loave  is  not  really  absent,  nor  is 
the  blood  pressure  excessively  low ;  the 
mere  rate  of  the  pulse  has  led  to  the  production 
of  monocrotic  curves.    It  might  be  advisable  to 
limit  the  term  "  monoci'otic  pulse  "  to  those  cases 
in  which  the  single  elevation  is 
the  result  of  the  disappearance  of 
the  dicrotic  wave.     A  sphygmo- 
gram of  this  type  is  of  evil  omen, 
because  it  denotes  extreme  lower- 
ing of  the  blood  pressure ;  the 
hyperdicrotic   form,    which  be- 
comes monocrotic,  is  only  signi- 
ficant of  danger  on  account  of  its 

of  increased  inertia     _  . 

of  the  pulse.  great  rapidity. 


notch  is  indicated  either  by  a  break  towards 
the  end  of  the  down-stroke,  or  by  a  slight  rise 
which  appears  just  before  the  commencement 


Fig.  45. — Monocrotic  pulse  (disappearance  of  dicrotic  wave) 
case  of  puerperal  septicaemia. 

of  the  up-stroke  (Fig.  45).  A  monocrotic  pulse, 
in  its  literal  sense,  means  a  pulse  which  shows 
only  one  distinguishable  wave.  But  there  are 
certain  fallacies  to  be  noted. 

In  the  case  of  very  young  infants,  and  also  in 
older  children,  the  sphygmogram  sometimes 
appears  as  a  single  undulation  (Fig.  46). 
Hence  the  pulse  at  this  period  of  life  has  been 
called  monocrotic,  and  this  would  seem  to  be 
compatible  with  the  low  blood  pressure  of  the 
infant  (Ozanam,  Keating  and  Edwards,  and 
others).  By  the  use  of  more  delicate  instru- 
ments, however,  the  infant's  pulse  is  found,  in 
reality,  to  be  of  the  type  which  is  associated 
with  a  relatively  high  blood  pressure  in  the 
arteries. 


The  Sphymographic  Appearances  of  the 
Pulse  in  Infancy 

The  radial  artery  of  the  new-born 
infant  is  very  small,  and  cannot  be  felt 
as  a  definite  structure.    The  vessel  is 
situated  rather  deeply  in  the  tissues  of 
the  wrist,  and  there  is  often  a  large 
quantity  of  subcutanecus  fat  around  it. 
Ozanam,  Keating  and  Edwards,  and 
others  have  described  the  sphygmogram  from  the 
new-born  infant  as  a  meaningless  wavy  line  (Fig. 


in  fatal 


FlO.  46. — Pulse  of  infant  aged  10  months,  allowing  one  wave 
(erroneously  called  monocrotic). 

49).  From  the  absence  of  dicrotism  they  con 
elude  tliat  the  arterial  pressure  is  very  low,  an 
regard  the  pulse  as  monocrotic.    These  author 
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hold  that  the  conditions  necessary  for  the  pro- 
duction of  the  dicrotic  wave  are  absent  in  early 


Fig.  47.- 


-Another  form  of  pseudo-monocrotic  pulse.   The  dicrotic 
wave  is  greatly  exaggerated. 


life.  These  conditions,  they  say,  are  elasticity 
of  the  great  vessels  combined  with  low  tension 


Fig.  48.- 


-Hyperdicrotic  pulse  becoming  monocrotic  from 
increased  rapidity. 


of  the  peripheral  circulation,  and  a  sharp  con- 
traction of  the  heart.     In  the   infant  they 


FlO.  49.— Pulse  of  the  new-born  infant  (Ozanam). 
(Incorrectly  called  monocrotic.) 

believe  that,  owing  to  the  relatively  less  strong 
heart,  the  arteries  are  not  distended  to  such  an 


Fig.  50. — Pulse  of  an  infant  after  lisature  of  the  umbilical 
cord.   (Indicates  a  relatively  high  blood  pressure.) 

extent  as  to  cause  a  thorough  recoil,  and, 
further,  that  there  is  a  marked  resistance  to 
the  peripheral  circulation  in  the  kidney. 

The  writer's  tracings  fi'om  the  pulse  of  in- 
fants do  not  show  an  absence  of  dicrotism, 
and  the  pulse-ciirve  does  not  indicate  a  low 
arterial  pressure.  Sphygmograms  made  in 
the  manner  already  described  show  clearly 
that  the  pulse  of  young  infants  is  of  the  type 
associated  with  a  i-elatively  high  blood  pressure 
(Figs.  50,  52,  and  53).  Dicrotism  is  as  marked 
in  the  sphygmogram  of  the  new-born  infant  as 
it  is  in  any  high-pressure  pulse. 

A  tracing  was  obtained  from  the  posterior 
tibial  artery  of  a  foetus  during  the  process  of 
"  turning,"  and  in  it  the  position  of  the  dicrotic 


notch  is  clearly  indicated  (Fig.  51).  Even 
before  birth,  then,  the  pulse-curve  would  seem 
to  be  marked  off  in  this  way  into  systolic 
and  diastolic  portions,  when  we  employ 
suitable  means  of  instrumental  examin- 
ation. 

The  sphygmogram  shown  in  Fig.  52, 
which  was  taken  from  a  healthy  boy  six 
days  old,  brings  out  clearly  all  the  features 
which  characterise  a  high-pressure  pulse- 
tracing  in  an  adult.  The  systolic  wave 
rises  in  a  slanting  direction,  and  the  di- 
crotic notch  occupies  a  high  position  on  the 
down-stroke.  The  instrumental  division 
of  the  systolic  wave  into  two  summits  is  just 
apparent  in  some  of  the  curves,  but  in  the 
tracing,  Fig.  53,  from  an  older  child  it  is  very 
well  marked. 

To  find  the  explanation  of  this  high-pressure 
type  of  curve,  which  is  characteristic  of  the 
very  young  infant,  attention  may  be  directed  to 
the  striking  resemblance  which  exists  between 
it  and  that  obtained  in  aortic  stenosis  in  the 
adult.  The  tracing  from  a  premature  infant, 
and  some  which  I  have  taken  from  babies  a  few 
hours  after  birth  (Fig.  54),  compare  equally 


Fig.  51. 


-Tracing  from  the  posterior  tibial  artery  of  a  foetus 
(Shows  the  dicrotic  notch  e.) 


well  with  those  from  a  case  of  aortic  stenosis, 
and  perhaps  still  better  with  the  type  obtained 
from  some  cases  of  aneurysm  affecting  the  arch 
of  the  aorta.  The  analogy  to  the  latter  is  a 
specially  apt  one,  because  the  conditions  giving 
rise  to  this  form  of  pulse-wave  in  both  instances 
are  remarkably  similar.  We  refer  to  the  rela- 
tion which  exists  between  the  size  of  the  heart 
and  the  width  of  the  aorta,  and  also  to  the  fact 
that  there  is  relatively  less  blood  in  the  arterial 
system,  and  hence  a  smaller  pulse  at  the  wrist. 
Beneke  has  shown  that  the  volume  of  the  in- 


Fio.  52. — Pulse  of  a  normal  infant  6  days  old.   (Indicates  a 
relatively  high  arterial  blood  pressure.) 

fant's  heart  is  to  the  width  of  its  ascending 
aorta  as  25  : 50,  whereas  before  puberty  it  be- 
comes as  140 :  50.    There  is  thus  in  both  con- 
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ditions  a  left  ventricle  connected  by  a  narrow 
opening  with  a  relatively  capacious  aorta.  On 
this  account  the  ventricular  contraction  is  slowly 
developed,  and  the  "shock"  imparted  to  the 
column  of  blood  at  the  root  of  the  aorta  is  more 
slowly  propagated  throughout  the  arterial 
system  than  it  is  under  normal  conditions. 
The  "  systolic  wave  "  is  thus  modified  in  much 


Fig.  53.— Pulse  of  a  child  aged  4  months.   To  show  the  division 
of  the  systolic  wave  into  two  summits. 

the  same  manner  as  it  is  in  the  fontanelle  pulse, 
and  rises  in  a  sloping  direction  instead  of  being 
a  vertical  line.  The  features  of  a  high-pressure 
pulse  are  thus  delineated  in  the  tracing  from  a 
new-born  infant  for  the  same  reasons  that  they 
are  reproduced  in  aortic  stenosis  or  aneurysm 
in  the  adult. 

Until  the  end  of  the  first  year  of  life  the 


Fig.  54.— Pulse  of  a  premature  infant  (7  months'  gestation)  when 
with  pulse  of  aortic  stenosis  or  aneurysm. 


infant's  pulse  remains  as  this  high-pressure  type, 
but  after  a  few  months  the  systolic  wave  is  more 
distinctly  divided  into  a  double  summit,  and  the 
volume  of  the  pulse  increases. 

It  is  interesting  to  note  the  effects  of  pyrexia 
on  the  pulse  of  infants  under  a  year  old  ;  a  high 
degree  of  fever  at  this  age  does  not  render  the 
pulse  dicrotic  or  hyperdicrotic  (Fig.  55).  In 
adults  the  form  of  pulse-curve  is  very  readily 
altered  by  even  slight  elevations  of  temperature, 
and  varying  degrees  of  dicrotism  are  produced. 
In  children  under  one  year  old  it  is  most  unusual 
to  obtain  a  pulse-tracing  which  shows  a  well- 
marked  dicrotic  wave,  either  as  a  result  of 
pyrexia  or  from  any  other  cause.  At  this  age 
a  dicrotic  pulse  is  occasionally  found  in  broncho- 
pneumonia, where  the  blood  pressure  is  extremely 
low. 

Pulse  Irregularity 

Introduction. — Perhaps  nothing  strikes  one  so 
much  in  the  study  of  the  pulse  as  the  frequent 
occurrence  of  irregularity.  Children  will  some- 
times exhibit  a  remarkable  form  of  pulse,  which 
it  is  difficult  to  reconcile  with  perfect  health, 
and  yet  there  is  often  no  indication  of  disease. 
The  peculiarity  of  the  pulse-rhythm  may  be  of  a 
very  transient  nature,  or  it  may  be  present  over 


a  considerable  period.  It  may  be  noticed  in  the 
infant  at  birth,  or  soon  afterwards,  when  the 
pulse-rate  is  unusually  slow ;  this  kind  of  ir- 
regulai'ity  disappears  when  the  pulse  becomes 
rapid. 

The  pulse-wave  increases  in  strength  and 
volume  from  birth  to  puberty,  and  the  increase 
in  size  of  the  radial  artery  is  proportionately 
greater  than  the  growth  of  the  hand.  The 
rate  of  the  pulse  of  the  young  infant,  if  care 
fully  observed,  will  be  found  to  vary  enor 
mously.  When  a  child  is  kept  in  bed  for  a 
considerable  period  the  pulse  invariably  slows 
down  in  a  striking  manner,  and  the  same 
thing  is  noticed  after  a  febrile  attack.  Under 
the  influence  of  a  high  temperature  the  pulse 
will  be  very  greatly  accelerated,  but  after  the 
fever  subsides  the  rate  becomes  abnormally  slow 
and,  at  the  same  time,  there  is  a  tendency  to 
irregularity  of  rhythm.  During  sleep  the  same 
type  of  slow,  irregular  pulse  is  loften  found 
After  the  third  year  of  life  there  is  a  notable 
diminution  in  the  rate  of  the  pulse.  Great  fre 
quency  of  the  pulse  in  young  children  has  much 
less  significance  than  in  adults.  The  enormous 
rapidity  at  the  commence 
ment  of  a  scarlatinal  attack 
is  sometimes  striking,  and 
in  the  later  stages  of  tuber 
cular  meningitis  a  peculiar 
irregularity  in  a  very  rapid 
pulse  is  worthy  of  note- 
10  days  old.  (Compare  the  number  of  beats  counted 
)  in  separate  quarter  minutes 

is  found  to  vary  remarkably 
Persistent  slowness  of  the  pulse  in  early  life 
is  unusual,  and  may  suggest  cerebral  disease 
But  in  ill-nourished,  marasmic  babies  great 
slowing  of  the  pulse  is  sometimes  observed,  and 
this  symptom  has  been  noted  in  cases  of  sclerema 
neonatorum.  Catarrhal  jaundice  in  children 
under  six  or  seven  years  of  age  does  not  appear  to 


Fig.  55.— Pulse  of  a  child  ict.  11  months  ;  temp.  105°. 
(Dicrotism  has  not  been  produced.) 

produce  a  slowing  of  the  pulse-rate,  at  least  not 
to  such  a  marked  degree  as  is  observed  in  adults. 

The  rhythm  and  character  of  the  pulse  are 
frequently  of  very  great  value.  In  the  acute 
pneumonias  of  young  children,  if  sphygmo- 
grapliic  records  be  made  throughout  the  course 
of  the  disease,  important  conclusions  may  be 
formed  as  to  the  favourable  or  unfavourable 
progress  of  the  case,  and  of  the  good  or  bad 
effects  of  treatment. 
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A  slow,  irregular  pulse  is  specially  character- 
istic of  cerebral  tumour,  abscess,  or  haemor- 
rhage. In  children  under  two  years  of  age 
suffering  from  tubercular  meningitis,  the  writer 
believes  the  peculiar  retardation  of  the  pulse  in 
the  early  stages  of  the  disease  is  rarely  observed. 
When  it  is  present  it  is  probably  a  very  transient 
phenomenon.  So  far  as  his  experience  goes  in 
these  cases,  the  pulse  at  this  age  is  generally 
very  rapid  from  the  time  the  child  first  comes 
under  examination.  But  in  tubercular  menin- 
gitis in  older  children  there  is  sometimes  a  type 
of  irregularity  which  may  be  of  some  diagnostic 
value. 

Classification  of  Pulse  Irregularities. — Pulse 
irregularities  have  been  classified  in  various 
ways,  none  of  which  are  altogether  satisfactory. 
There  has  been  much  misconception  of  the 
symptom,  because  writers  have  drawn  distinc- 
tions between  the  terms  "  intermittency  "  and 
"irregularity"  in  connection  with  the 
subject.  Such  a  distinction  is  in  reality 
a  purely  artificial  one,  as  will  be  after- 
wards shown.  A  pulse  can  only  be  called 
'■'•intermittent"  in  the  true  sense  of  the 
word,  when  a  whole  heart-beat  is,  from 
time  to  time,  entirely  missed  out,  that  is 
to  say,  the  ventricle  remains  in  a  state  of 
diastole  for  exactly  two  ordinary  pulse 
intervals,  and  makes  no  attempt  to  con- 
tract during  that  time  either  prema- 
turely or  otherwise.  This  condition  of  matters 
certainly  does  not  seem  to  occur  in  children, 
so  we  may  dispense  with  the  phrase  "inter- 
mittent pulse  "  in  connection  with  the  pulse  ir- 
regularities observed  during  early  life.  Cushny, 
in  an  interesting  paper  on  intermittent  pulse, 
has  attempted  to  classify  the  common  types 
of  irregularity  which  occur  in  adults  on  the 
basis  of  cardiac  physiology.  In  animals,  by 
stimulation  of  the  auricle  and  ventricle  respec- 
tively, he  has  been  able  to  produce  and  distinguish 
two  main  forms  of  pulse  irregularity  or  intermis- 
sion. The  first  is  due  to  ventricular  failure,  and 
the  second  to  auricular. 

It  will  be  necessary  to  shortly  summarise  his 
conclusions  in  order  to  be  in  a  position  to  deal 
adequately  with  the  subject  of  pulse  irregularity. 

The  classification  suggested  by  Cushny  is 
worked  out  by  observing  what  occurs  in  the 
behaviour  of  both  the  auricle  and  the  ventricle 
during  the  so-called  intermission  in  the  arterial 
pulse.  Now,  clinically,  it  is  only  in  exceptional 
cases  that  we  have  the  opportunity  of  recording 
the  auricular  contractions.  Ur.  James  Mac- 
kenzie has  studied  this  subject  in  a  most 
thorough  and  admirable  manner,  and  by  re- 
cording the  pulsation  of  the  jugular  vein 
simultaneously  with  the  radial  pulse  he  has 
shown  clearly  what  the  right  auricle  is  doing 
during  the  irregularity  of  the  left  ventricle. 
The  left  auricle,  he  concludes,  in  all  probability 
acts  similarly  to  the  right  one.    The  behaviour 


of  the  right  ventricle  he  has  also  determined, 
in  many  cases,  from  graphic  records  of  the 
pulsation  of  the  liver  or  jugular  veins,  and  he 
is  led  to  believe  that  hemisystole  of  the  heart 
does  not  occur.  According  to  his  numerous 
and  highly  reliable  observations,  the  right 
ventricle  does  not  act  independently  of  the  left, 
or  very  rarely  so.  Mackenzie  has  also  shown 
that  the  auricles  may  retain  their  regularity 
without  the  ventricles  necessarily  following  suit. 
That  is  to  say,  the  ventricles  may  for  some 
reason  contract  prematurely  before  the  normal 
period  of  their  diastole  is  finished,  and  the 
next  auricular  contraction  will  still  come  in 
at  its  proper  interval  after  the  preceding  one. 
Under  such  circumstances  the  ventricle  will  not 
respond  to  this  auricular  contraction,  but  will 
wait  for  the  next  one. 

In  the  majority  of  cases  where  we  find  pulse 
irregularity,  we  have  to  determine  its  natm-e 


Fig.  56.— The  "intermission  "  is  equal  to  two  pulse-intervals 
(Cushny's  classitlcation). 

by  an  examination  of  the  left  ventricle  alone. 
It  is  seldom  that  the  behaviour  of  the  other 
chambers  of  the  heart  can  be  observed  unless 
the  case  be  one  of  advanced  cardiac  disease. 
Therefore  it  will  be  well,  clinically,  to  classify 
pulse  irregularities  according  to  what  is  revealed 
by  a  combined  examination  of  the  arterial  pulse 
and  the  apex  beat.  The  cardiograph  must  in 
some  cases  be  used  to  make  a  simultaneous 
record  of  the  left  ventricular  movement,  or,  in 
some  instances,  the  simpler  method  of  listening 
to  the  cardiac  sounds  may  be  adopted. 

Cushny's  Classification  of  Pulse  Irregularities. 
— Cushny  recognises  two  main  forms  of  pulse- 
intermission — 

(1)  Those  in  which  the  intermission  is  about 
equal  to  two  pulse-intervals  (Fig.  56). 

(2)  Those  in  which  the  intermission  is  shorter 
than  two  pulse-intervals  (Fig.  57). 

He  describes  two  varieties  of  intermission 
belonging  to  each  of  these  classes,  and  his 
classification  is  as  follows : — 

I.  True  veritricular  intermissions,  in  which 
the  pause  is  exactly  equal  to  two  pulse-intervals, 
and  during  which  there  is  no  cardiac  sound. 

In  the  human  subject  this  is  certainly  a  very 
imcommon  form,  and  very  great  discrimination 
would  sometimes  have  to  be  exercised  in 
deciding  whether  such  a  tracing  should  not 
properly  be  relegated  to  the  next  division.  The 
supposed  "  dropped  "  beat  may  not  really  occur, 
for  the  premature  contraction  of  the  ventricle 
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may  be  too  feeble  to  show  an  elevation  in  the 
sphygmogram.  The  following  is  Cushny's 
description  of  what  happens  in  animals  : — 

The  auricular  contractions  occur  at  regular 
intervals,  and  the  ventricles  usually  respond. 
But  occasionally  the  impulse  emitted  from  the 


Fia.  57.— The  "intermission"  is  less  tlian  two  pulse-intervals  (Cushny's  classification). 

auricle  in  regular  course  is  not  followed  by  a 
ventricular  contraction.    For  some  reason  the 
ventricle  does  tiot  contract,  and  thus  a  whole 
heart-beat  is  entirely  missed  out.    The  ventricle 
contracts  in  response  to  the  next  auricular  im- 
pulse, but  the  cause  of  the  intermission  in  this 
case  lies  with  the  ventricle  itself, 
and  not  with  the  auricle,  which 
sent  down  its  impulse  as  usual. 
When  this  occurs,  then,  we  may 
correctly  describe  it  as  a  "  true 
ventricular  intermission." 

The  writer  has  only  seen  one 
tracing  where  this  form  of  pulse 
irregularity  could  actually  be 
shown  to  occur.    He  obtained  it 
from  Dr.  Mackenzie  of  Burnley, 
who  regards  it  as  an  almost  unique  example 
of  the  so-called   true  ventricular  intermission 
(Fig.  58).     Mackenzie  believes  that  in  the  vast 
majority  of  intermittent  pulses  in  adults,  the 
ventricle  really  makes  a  second  attempt  to  con- 
tract during  the  long  pause,  but  that  the  effect 


II.  False  ventricular  intermissions,  in  which 
the  pause  is  equal  to  two  pulse-intervals,  but 
it  is  often  interrupted  by  a  slight  elevation. 

In  every  case  a  first  heart  sound  is  to  be 
heard  during  the  intermission. 

In  this  form,  as  in  that  just  described,  the 
auricle  still  con- 
tracts at  regular  in- 
tervals,  and  often 
the  ventricle  follows 
suit  in  the  proper 
way.  But  sometimes 
the  ventricle  is  un- 
duly irritable,  and 
is  stimulated  to  con- 
tract from  other 
causes  than  an  auri- 
cular impulse.     Therefore,  after  having  given 
its  usual  contraction  in  response  to  the  auricle, 
it  goes  off  a  second  time  during  the  period  in 
which  it  should  be  resting  and  preparing  to 
receive  the  next  stimulus  from  the  auricle.  In 
doing  so  it  exhausts  itself,  and  is  unable  to 


Fig.  59.— "False  ventricular  intermission."  The  "intermission"  is  equal  to  two 
pulse-intervals,  but  an  elevation  {premature  systole)  occurs  during  the  pause. 
(Cushny's  classification.) 


Fig.  58. — "True  ventricular  intermission."   The  lower  tracing  is  from  the  jugular  vein,  and 
gives  the  auricular  movements  (a  =  auricular  systole).   (Cushny's  classification.) 


on  the  circulation  is  not  made  manifest  at  the 
radial  artery.  In  the  true  intermission  re- 
ferred to,  it  is  seen  that  the  ventricle  did  not 
always  respond  to  the  auricular  stimulation.  A 
simultaneous  tracing  obtained  from  the  internal 
jugular  vein  recorded  the  auricular  movements. 
The  venous  tracing  is  somewhat  difficult  to 
interpret,  but  there  is  no  doubt  that  the  auricle 
contracts  twice  or  thrice  for  each  ventricular  beat. 


contract  when  the  auricular  impulse  descends. 
The  diastolic  period  is  therefore  prolonged  until 
the  next  auricular  beat  occurs  (Figs.  59  and  60.) 

III.  False  auricular  iyitermissions,  in  which 
the  pause  is  shorter  than  two  pulse-intervals. 
There  is  a  slight  elevation  in  the  tracing 
during  the  intermis- 
sion, and  the  stetho- 
scope reveals  a  first 
heart  sound  very  soon 
after  the  last  regular 
pulse  elevation. 

This  type  of  irregu- 
lar pulse  is  very  similar 
to  the  false  ventricu- 
lar intermission,  but 
according  to  Cushny 
measurement  in  this 
case  shows  that  the  full 
beat  and  the  premature 
beat  are  of  shorter  duration  than  two  ordinary 
pulse-intervals.  By  this  means  he  would  diag- 
nose the  occurrence  of  this  variety  in  man.  It 
is  probable  that  the  false  ventricular  intermission 
is  commonly  mistaken  for  the  auricular  form, 
and  measurement  would  not  seem  to  be  a  reli- 
able method  of  distinguishing  the  one  variety 
from  the  other.  The  only  certain  method,  as 
Mackenzie  points  out,  is  to  obtain  a  record  of 
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the  auricular  movement  from  the  jugular  pulse. 
This  is  only  possible  in  the  few  instances  in 
which  venous  pulsation  is  coincidently  present, 
so  as  a  general  rule  the  "  false  auricular  inter- 
mission "  cannot  be  definitely  diagnosed.  In 
this  variety  the  auricle  contracts  prematurely, 
and  the  ventricle  follows  suit ;  the  regular  con- 


it  may  be  more  simply  and  more  correctly 
described  as  a  beat  delayed. 

These  four  types  of  pulse  intermission  de- 
scribed by  Cushny  may  be  obtained  experi- 
mentally on  animals,  but,  clinically,  if  we  adopt 
his  nomenclature,  there  are  only  two  common 
variations  which  we  need  consider,  namely,  the 

so-called  false  ve7i- 
tricular  intermis- 
sion, and  the  true 
auricular  one. 
The  true  auricular 
intermission  of 
Cushny  is  the  one 
form  of  irregularity 
which  is  very  fre- 
quently found  in 
children. 

Mackenzie,  who  has  investigated  the  subject 
of  pulse  irregularity  from  the  clinical  side  in  an 
exhaustive  manner,  adopts  a  much  simpler  and 
more  useful  classification.  He  admits  the  two 
common  types  which  have  been  mentioned  ;  the 
so-called  false  ventricular  and  the  true  auricular 
intermissions.    The  two  other  forms  of  irregu- 


FlG.  eo. — "  False  ventricular  intermission."  The  ventricle  has  made  a  second  and  premature  con- 
traction (p)  after  its  full  beat.  (Cushny's  classification.)  The  last  intermission  shown  in  the 
tracing  may  be  of  the  "  false  auricular  "  type.  (See  p.  408.) 

tractions  of  the  auricle  are  thus  broken — hence 
the  cause  of  the  irregularity  lies  in  the  auricle 
and  not  in  the  ventricle. 

IV.  True  auricular  intermissions,  in  which 
the  pause  is  shorter  than  two  pulse-intervals, 
and  during  which  there  is  no  cardiac  sound 
(Figs.  61  and  62). 

In  this  variety,  unlike  the  last  de- 
scribed, the  auricle  instead  of  going  off 
into  a  premature  contraction  at  various 
intervals,  does  not  contract  at  all.  For 
some  reason  the  sequence  of  regular 
auricular  impulses  to  the  ventricle  is 
broken,  and  after  a  longer  pause  than 
usual  the  next  contraction  comes  and 
is  followed  by  the  ventricular  systole. 
Cushny  calls  this  a  true  auricular  in- 
termission, but  a  study  of  the  child's 
pulse  shows  it  to  be  of  such  common  occurrence 
in  early  life  that  another  explanation  is  more 
likely.    This  kind  of  intermission  is  found  in 
adults,  but  it  only  occurs  at  very  rare  intervals 
(see  Fig.  57),  whereas  in  the  case  of  the  child  it 
occurs  all  through  the  tracing.    The  writer  may 
also  state  that  in  adults  who  exhibited  this 


Fig.  62. — Pulse  of  child  fet.  5  years,  showing  irregularity  of  the  ' 
auricular"  type,  according  to  Cushny's  classification. 


true 


Fig.  61. — "True  auricular  intermission."   The  "  intermission 

intervals,  and  there  is  no  second  contraction  of  the  ventricle  duriU; 
(Cushny's  classification.) 


peculiar  irregularity,  he  could  never  make  out 
other  heart  sounds  after  the  regular  contraction  ; 
the  ventricle  may,  nevertheless,  have  made  an 
attempt  at  premature  contraction.  Still  there 
is  no  reason  why,  in  both  adults  and  children, 
this  form  of  pulse  should  be  regarded  as  an 
intermission  at  all.  There  is  no  real  inter- 
mission of  the  heart — that  is,  as  a  beat  lost ; 


larity  described  by  Cushny  apparently  do  exist, 
but  one  has  not  often  the  opportunity  of  con- 
firming the  auricular  contraction  in  cases  of 
doubt. 

Mackenzie's    Classification  of  Pulse  Irregu- 
larities.— Mackenzie,  in  his  classification  of  ir- 
regularities of  the  pulse,  suggests  two  groups — 
I.  Those  in  which  the  dura- 
tion of  the  period  of  ventricular 
systole  is  regular.    The  irregu- 
larity is  here  shown  by  the 
varying  lengths  of  the  diastolic 
periods  (Fig.  63).    This  is  the 
type  observed  so  often  in  the 
young,  and  is  what  Mackenzie 
terms  "  the  youthful  type  of 
irregularity."     It   occurs  in 
adults  too,  however,  and  is 
evidently  the  same  thing  as 
Cushny  has  described  as  a  true  auricular  inter- 
mission. 

II.  Those  in  which  the  duration  of  the  period 
of  ventricular  systole  is  variable.  This  is  the 
usual  type  in  adults,  and  has  been  supposed 
never  to  exist  in  young  children.  The  writer 
has,  however,  found  it  on  several  occasions, 
the  youngest  child  being  only  two  years  old 


is  shorter  than  two  pulse- 
the  pause. 
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(Fig.  64).  It  may  occur  also  in  older  children 
who  suffer  from  advanced  cardiac  disease.  This 
is  the  same  form  of  irregvilarity  as  Cushny  de- 


Fig.  63. — Pulse  of  child  a;t.  4^  years.    E,  The  duration  of  the  period  of  ventricular  systole  is  regular; 


G,  the  duration  of  the  period  of  ventricular  diastole  is  variable. 
(Mackenzie's  classification). 

scribes    under   the   head  of  false  ventricular 
intermission  (Fig.  65). 

According  to  Mackenzie's  classification,  then, 
we  find  that  practically 
all  the  pulse  irregulari- 
ties met  with  in  children 
fall  into  the  first  group, 
while  the  commonest 
type  of  adult  irregu- 
larity belongs  to  the 
second  group. 

Such  a  method  of 
classification  has  done 
much  to  simplify  the 
study  of  this  interesting- 
subject,  but  there  are 
irregularity  in  children 
received  no  attention 


tolic  periods  is  much  the  most  constant  feature, 
while  very  frequently  the  diastolic  periods  are  of 
uneqvMl  length  (Figs.  66  and  67). 

In  the  very  rapid 
pulse  the  duration 
of  the  ventricular 
systole  is  not  much 
shortened ;  it  is  at 
the  expense  of  the 
diastolic  period  that 
things  are  balanced. 
Thus  we  can  under- 
stand that  when  a 
child's  pulse  is  very 
fast  the  diastolic 
phases  tend  to  shorten,  and  hence  this  type  of 
irregularity  disappears  more  or  less  entirely. 
In  a  tracing  of  a  very  rapid  pulse  one  can 


•'  Youthful  type  of  irregularity  " 


Fig.  65. — The  duration  of  the  period  of  ventricular  systole  is  variable — the  upper  tracing  is  a 
cardiographic  record.  "Adult  type  of  irregularity"  (Mackenzie's  classification).  This  is 
the  "  false  ventricular  intermission  "  of  Cushny. 


many  kinds  of  pulse 
which  have  hitherto 
Respiration  is  a  most 


Fig.  64.— "Adult  type  of  irregul.arity  "  (false  ventricular  intermission)  occurring  in  a  child  fct.  2  years 
during  the  course  of  a  mild  croupous  pneumonia.   (Mackenzie's  classification.) 


important  factor  in  the  production  of  some 
of  these. 

The  Characteristic  Type  of  Pulse  Irregularity 
in  the  Child. — All  children  at  some 
time  or  other  exhibit  a  form  of  pulse 
irregularity.     When  a  tracing  is  taken 
the  precise  nature  of  the  irregularity 
is  well  shown,  and  it  is  found  that  the 
systolic  portions  of  the  pulse-curves  are 
regular    in    their    duration.      If  we 
measure  with  a  pair  of  compasses  from 
the  middle   of  the   up-stroke  to  the 
dicrotic  notch,  we  find  the  length  about 
the  same  in  all  the  curves.     If  we 
measure  in  a  similar  manner  from  the 
dicrotic  notch  to  the  commencement  of  another 
up-stroke,  we  find  the  distances  to  vary  consider- 
ably.   In  the  child's  pulse,  then,  as  Mackenzie 
first  pointed  out,  the  equal  duration  of  the  sys- 


easily  observe  the  relatively  greater  duration 
of  the  systolic  portions  of  the  curves,  and  the 
diastolic  portions  are  reduced  to  a  minimum. 

The  converse  of  this 
is  true,  for  when  the 
rapid  pulse  begins  to 
slow  down  again  we 
generally  find  undue 
prolongation    of  the 
diastolic  periods,  and 
there   is    no  very 
marked  change  in  the 
duration  of  the  sys- 
tolic periods. 
The  pulse  generally  becomes  slower  during 
sleep,  and  then  the  occurrence  of  this  kind  of  ir- 
regularity can  often  be  noted.    When  the  child 

ilili^^ 


FIG.  68.— The  characteristic  type  of  pulse  irregularity  in  a  child  eet.  6  years, 
witli  simultaneous  tracing  of  respiration.  Dunition  of  systoles  {h.)  are 
regular.  Duration  of  diastoles(G)  are  variable.  It  may  be  noted  that  the 
irregularity  is  here  independent  of  respiratory  causes  (see  p.  411). 

wakes  the  pulse  tends  to  become  faster,  and 
thus  becomes  more  regular.  The  pulse  of  the 
new-born  baby  is,  as  a  rule,  very  rapid,  and 
irregularity  of  the  kind  mentioned  is  not  usually 
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seen.  But  should  the  pulse  become  temporarily 
slower  the  prolonged  diastolic  phases  will  soon 
make  their  appearance.  This  is  a  common  type 
of  pulse  irregularity  in  animals  (Fig.  68). 

As  the  child  grows  older  there  is  a  natural 
shaving  of  the  pulse.  It  is  probable  that  the 
physiological  inhibition  of  the  heart  is  not  fully 
developed  in  early  infancy,  hence  the  great 
frequency  of  the  beats  during  the  first  few 
months  of  life.  It  has  been  found  that  stimu- 
lation of  the  vagus  has  not  the  same  restraining 
influence  upon  the  heart-beats  in  infants  that 
it  has  in  adults.  Therefore  we  may  find  the 
explanation  of  this  peculiar  pulse  irregularity, 
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FlQ.  67.— The  characteristic  type  of  irregularity  in  a  child  set.  4  years.  Systolic 
periods  (E)  equal;  diastolic  periods  (G)  unequal.  The  shorter  pulse-beats  would 
seem  to  occur  during  the  inspiratory  part  of  respiration  {see  infra). 


which  is  certainly  most  strikingly  developed  at 
the  time  when  the  pulse  is  naturally  slowing 
down  after  infancy,  in  the  fact  that  the  vagus 
is  beginning  to  exert  more  decided  control  over 
the  heart. 

The  Causes  of  Pulse  Irregularity  in  Children. 
— This  type  of  pulse  irregularity  in  its  most 
marked  form  would  certainly  appear  to  be  a 
purely  nervous  phenomenon.  Cushny  calls  it 
a  "true  auricular  intermission."  He  says  the 
emission  of  the  impulse  from  the  auricle  to 
the  ventricle  is,  for  some  reason,  retarded. 
The  ventricular  rhythm  is  dominated  by  the 
auricular,  so  the  ventricle  must  wait  till 
impulse  descends  to  it.  There  is 
no  reason,  he  points  out,  why  the 
auricular  contraction  should  be 
retarded  for  a  whole  cycle,  and, 
as  a  matter  of  fact,  it  almost 
always  occurs  shortly  after  its 
proper  time.  This  is  quite  an 
exact  description,  but  the  writer 
does  not  consider  that  it  is  either  necessary 
or  advisable  to  speak  of  this  frequent  halt  in 
the  pulse  as  an  intermission.  A  whole  heart- 
beat is  not  missed  out,  and  he  cannot  agree 
with  Cushny  that  the  auricle  is  the  controlling 
influence  in  the  production  of  the  irregularity. 
In  animals  it  may  be  so,  and  perhaps  also  in 
adults,  where  an  intermission  which  might  be 
of  this  nature  occurs  at  very  rare  intervals, 
during  which  no  cardiac  sounds  can  be  heard. 

In  children,  at  all  ages,  the  writer  has  made 
very  numerous  observations  on  this  type  of 
pulse  irregularity,  and  the  matter  has  been 
studied  from  various  points  of  view. 

The  Influence  of  Respiration  on  the  Pulse- 


Rhythm. — By  taking  simultaneous  records  of 
the  pulse  and  respiratory  curves,  it  has  been 
possible  to  note  the  effects  of  inspiration  and 
expiration  on  the  form  and  duration  of  the 
pulse-wave.  The  movements  of  inspiration  and 
expiration  in  the  child  apparently  influence  the 
radial  pulse  in  a  more  marked  manner  than  is 
generally  appreciated,  and  to  a  greater  degree 
than  is  usually  observed  in  adults.  By  deep 
respiratory  movements  there  are  great  altera- 
tions produced  in  the  quantity  of  blood  reaching 
the  medulla.  Diminished  or  increased  blood 
pressure  in  the  vessels  of  the  medulla  will  lead 
to  depression  or  stimulation  of  the  various 
centres  resident  there,  and  thence 
to  the  development  of  certain 
effects  on  the  heart  and  blood- 
vessels. We  do  not  mean  to 
assert  that  the  youthful  type  of 
pulse  irregularity  is  always  or 
even  usually  due  to  the  influence 
of  respiration  on  the  vagus  centre, 
but  in  many  cases  the  pulse  trac- 
ing may  show  a  distinct  respira- 
tory rhythm  of  this  nature  {see 
Fig.  67).  We  would  go  the 
length  of  saying  that  respiration,  either  directly 
or  indirectly,  is  intimately  associated  with  the 
production  of  the  so-called  youthful  type  of 
irregularity.  In  some  instances,  however,  it  is 
difficult  to  see  how  it  participates,  for  when  a 
child  holds  its  breath  the  irregularity  is  still  as 
marked  as  ever,  and  in  other  cases  one  finds 
both  the  usual  form  of  irregularity  and  also 
another,  which  is  clearly  due  to  respiration. 

The  Influence  of  the  Vagus. — This  youthful 
type  of  pulse  irregularity  is  by  no  means  un- 
common in  young  adults  of  nervous  tempera- 
ment. Perhaps  the  pulse,  when  first  examined, 
becomes  unduly  rapid,  and  the  vagus  control  is 


Fig.  68. — Sphygraogram  taken  from  the  leg  of  a  young  dog  to  show  the  ' 
type  of  irregularity  " ;  is  probably  due  to  respiration. 


youthful 


temporarily  overbalanced.  As  the  vagus  begins 
to  regain  its  influence  a  slowing  of  the  pulse 
occurs,  and  then  its  halting,  hesitating  character 
becomes  apparent.  We  therefore  believe  that 
this  form  of  irregularity  is  largely  the  result  of 
over-action  on  the  part  of  the  vagus.  Such  over- 
action  may,  of  course,  be  dependent  on  many 
causes,  among  which  respiration  has  already 
been  mentioned  as  one  of  the  most  constant  and 
important.  An  over-acting  vagus  produces  the 
retardation  noticed  in  some  of  the  pulse-beats, 
or,  in  other  words,  results  in  the  occasional 
delay  of  a  systolic  contraction  (Fig.  69).  Under 
the  action  of  digitalis  a  pulse  irregularity  of 
this  kind  is  often  produced  (Fig.  70). 
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In  the  youthful  type  of  irregularity  the 
diastolic  period  is  sometimes  so  much  prolonged 
that  the  whole  pulse-curve,  if  measured,  may 
be  found  equal  to,  or  even  greater  than,  two 


Fig.  69.--The  longer  pulse-beats  (lengthened  diastolic  periods)  occur  during  expira- 
tion. The  vagus  is  here  regaining  its  influence  over  the  heart  (over-action),  after 
the  transient  loss  of  control  at  inspiration  (quickening  of  the  pulse). 


ordinary  pulse  intervals.  But  a  second  heart- 
beat does  not  really  occur  in  this  form  of  ir- 
regularity. 

Some  Conditions  ivhere  this  Type  of  Pulse  Irreg- 
ularity occurs. 
— The  condi- 
tions favouring 
the  appearance 
of  irregularity  in 
children  are : — 

(1)  Rest  in 
bed. 

(2)  Slowing 
of  the  pulse 
after  fevers. 

(3)  Dui'ing  certain  diseases 
cular  meningitis,  etc. 

(4)  During  respiration. 

Possible  Subdivision  of  the  Youthf  ul  Type  of 


such  a  tracing  is  examined  a  more  regular 
type  of  irregularity  is  apparent — there  is  some 
method  in  the  arrangement  of  the  long  and  short 
beats.  It  is  therefore  possible  to  make  a  siib- 
division  of  the  youthful  type  of 
pulse  irregularity : 

(1)  Those  which  are  due  to  the 
influence  of  respiration. 

(2)  Those  which  are  not  due  to 
the  influence  of  respiration. 

Description  of  the  Bigeminal 
Pulse  and  some  of  its  Modifica- 
tions.—  We  have  already  indi- 
cated what  is  the  special  feature 
of  the  adult  type  of  irregularity. 
We  may  now,  however,  add  something  more. 
Traube  described  this  form  as  the  pulsus  bi- 
geminus  or  bigeminal  pulse  (Fig.  71),  and  be- 
lieved the  second  and  smaller  beat  to  be  due 


Fig.  71.— The  "pulsus  bigeminus"  of  Traube.   Male  patient  set.  64,  suffering  from  advanced  arterio-sclerosis 
— peripheral  resistance  enormously  increased.   ("  False  ventricular  intermission  " — Cushny.) 


-chorea,  tuber- 


FIG.  70.— Pulse  irregularity  due  to  vagus  inHuenee.   Boy  ast.  9  years,  under  the  action  of  digitalis 

Pulse   Irregidarity . — Tlie    irregularity   in  all 
these  cases  is  very  similar,  but  the  writer  is 
disposed  to  think  that  certain  distinctive  features 
mark  that  form  which  is  dependent  on  respira- 
tion.    In  the 
usual  type  of 
irregularity, 
which   is  not 
due  to  respir- 
ation, the  di- 
astolic periods 
are  sometimes 
1  e  n  gthened, 
and  are  some- 
times mark- 


to  an  exaggerated  dicrotic  wave.  A  simul- 
taneous tracing  of  the  left  apex-beat  entirely 
disproves  this  idea  (Fig.  72).  It  is  then  clearly 
demonstrated  that  two  ventricular  contractions 

follow  each  other  in 
rapid  succession  dur- 
ing the  time  occupied 
by  the  prolonged 
pulse  interval.  The 
little  upheaval 
marked  j5  in  the  trac- 
ings is  really  a  second  and  early  systolic  con- 
traction, and  is  followed  by  a  long  diastolic 
period.    This    so-called  premature  systole  (p) 
may  be  represented  in  the  tracing  by  a  very 


Fig.  72.— The  "pulsus  bigeminus,"  with  a  simultaneous  cardiugraphic  record,  to  show  the  two  ventricu  ar 
contractions  corresponding  to  the  full  pulse-beat  and  the  premature  beat  (p).  ("False  ventricular 
interuiissiun.") 


edly  short- 
ened. Short  beats  follow  long  beats  all  through 
the  tracing  without  maintaining  any  definite 
order.  In  the  respiratory  irregularity  the 
diastolic  periods  are  almost  invariably  length- 
ened during  the  expiratory  phase,  and  are 
sometimes  shortened  during  inspiration.  When 


small  or  by  a  relatively  large  wave.  In  some 
cases,  when  the  second  systole  is  not  sufficiently 
strong  to  raise  the  aortic  valves,  the  elevation 
is  absent  altogether,  and  then  the  line  of  descent 
of  the  tracing  falls  steadily  to  the  abscissa. 
In  such  a  case  it  may  very  easily  be  mistaken 
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for  the  so-called  "true  ventricular  intermission," 
where  the  ventricle  misses  out  an  entire  beat, 
but  the  cardiograph  or  stethoscope  will  decide 
the  question.    The  occurrence  of  this  type  of 


FIG.  73.- 


'  Pulsus  alteriians  "—exaggerated  development  of  the  premature  systole 
in  the  bigeminal  pulse. 


irregularity  in  children  is  excessively  rare,  still 
it  is  sometimes  met  with. 

These  premature  systoles  may  occur  singly 
at  rare  intervals,  or  there  may  be  a  series  of 
them  following  the  regular  ven- 
tricular contraction. 

When  the  systole  and  the  pre- 
mature systole  are  of  nearly  the 
same  size,  and  there  is  a  long 
diastolic   period   between  each 
pair  of  them,  the  pulse  is  some- 
times called  an  alternating  one 
— pulsus  alternans  (Fig.  73) ;  it 
is  simply  an  exaggerated  degree 
of  the  bigeminal  pulse.    When  the  full  systole 
is  followed  by  two  premature  systoles  we  get 
the  so-called  trigeminal  pulse  (Fig.  74),  and  if 
three  abortive  contractions  follow  the  full  ven- 


to  the  tracings  shown  in  Fig.  79,  which  were 
taken  from  the  same  patient  a  few  minutes 
after  obtaining  Fig.  77,  another  heart-beat  is 
seen  to  occur  during  the  pause.  These  sphyg- 
mograms  tend  to  support  the 
contention  that  a  true  ven- 
tricular intermission  is  exceed- 
ingly rare,  and  that  in  most 
instances  the  ventricle  really 
makes  a  second  and  premature 
attempt  to  contract. 

The  Strong  Pulse-beat  after 
the  Irregularity.  —  After  the 
premature  systole  there  is  a 
long  diastolic  period,  and  during  this  time  the 
arterial  pressure  falls  to  a  very  low  point.  The 
left  ventricle  becomes  rather  over-filled,  and 
therefore  there  is  almost  always  a  specially 


Fig.  74. — The  "trigeminal  pulse,"  a,  a  ;  the  "  quadrigeminal  pulse,"  6,  b. 


tricular  beat  it  is  a,  quadrigeminal  pulse  (Fig.  74). 
After  the  first  full  systolic  contraction  a  whole 
series  of  premature  beats  may  occur  (Fig.  75), 
and  sometimes  the  entire  sphygmogram  may  be 
composed  of  such  imma- 
ture systoles  when  the 
pulse  is  a  rapid  one. 

The  bigeminal,  trigem- 
inal, and  quadrigeminal 
pulses  are  usually  readily 
recognised,  but  sometimes 
when  there  is  a  regular 
irregularity,  which  occurs 
after  every  second,  third, 
or  fourth  beat,  the  ap- 
pearances produced  are 
very  similar  {see  Figs.  76,  77,  and  78).  The 
long  pause,  at  first  sight,  seems  to  be  due  to 
a  simple  prolongation  of  the  diastolic  portions 
of  the  curve,  but  a  second  ventricular  beat 
really  occurs  during  the  interval.    By  referring 


Fig.  75. — Series  of  premature  systoles  (a). 

strong  beat  after  the  irregularity  (Fig.  80). 
In  the  adult  type  of  pulse  irregularity,  then, 
the  ventricle  —  owing,  perhaps,  to  excessive 
irritability  of  its  muscle — contracts  a  second 

time  before  its 
normal  diastolic 
period  is  com- 
pleted. The  part 
of  the  diastolic 
phase  at  which 
the  second  con- 
traction occurs  is 
variable,  and  ac- 
cording to  its  posi- 
tion so  will  its  character  vary. 

The  Shortened  Diastolic  Period  following  the 
Premature  Beat  of  the  Heart.  —  Sometimes, 
though  very  rarely,  the  premature  beat  occurs 


Fig.  76. — Regular  irregularity  after  every  second  beat  (the  second  beat  may  be  a  very  exag- 
gerated premature  systole,  and  then  the  pulse  would  be  of  the  ordinary  bigeminal  type ; 
it  is  more  probable  that  an  early  systole  occurs  during  the  long  pause). 


SO  late  that  the  diastolic  period  following  it  is 
shorter  than  that  of  the  full  contraction  preced- 
ing it  (Fig.  81). 

The  Cause  of  the  Bigeminal  Pulse. — It  is  very 
difficult  to  say  why  the  ventricle  in  these  cases 
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contracts  prematurely.  It  is  not  improbable 
that  in  some  cases  a  toxic  condition  of  the  blood 
acts  as  an  exciting  cause.    In  elderly  patients 


Fig.  77. 


-Regular  irregularity  after  every  third  pulse-beat ;  p  marks  the 
occurrence  of  a  premature  systole. 


of  gouty  habit  this  type  of  pulse  irregularity  is 
very  common,  and  would  sometimes  seem  to  be 
accentuated  during  the  height  of  an  attack. 
The  intrinsic  ganglia  of  the  heart 
may  also  become  unduly  excitable, 
but  it  is  unlikely  that  the  vagus  plays 
any  part  in  the  production  of  this 
type  of  irregularity.  Stimulation  of 
the  vagus  slows  the  heart,  whereas 
the  pulse  is  often  rapid  when  pre- 
mature systoles  occur. 

Pulse  Irregularities  due  directly  to 
Respiration. — Before  leaving  this  sub- 
ject mention  may  be  made  of  another 
type  of  pulse  irregularity  which  is 
apparently  due  to  respiratory  causes. 
Attention  may  at  present  be  directed 
to  those  irregularities  which  occur 
with  normal  or  slightly  exaggerated 
breathing.  Those  forms  which  are 
dependent  upon  laboured  or  otherwise  abnormal 
respiratory  movements  will  be  discussed  in  a 
subsequent  section. 


the  shorter  waves  correspond  to  the  height  of 
the  inspiratory  phase.  Other  tracings  show 
the  same  features,  and  this  irregularity  is 
sometimes  present  vxnder  chloroform 
anaesthesia,  when  the  respirations  are 
deep. 

It  is  obviously  sometimes  difficult,  if 
not  impossible,  to  decide  in  what  manner 
respiration  brings  abovit  these  altera- 
tions in  pulse  form  and  rhythm.  But 
we  may  take  it  for  granted  that  they 
are  not  always  induced  in  the  same  way, 
and  in  many  cases  the  action  of  the 
vagus  in  their  production  is  not  excited 
by  respiratory  influence  on  the  medulla. 

More  than  one  pulse-wave  in  the  series  may 
be  affected  in  the  manner  described  by  each  in- 


FlG.  78. — Regular  irregularity  after  every  fourth  pulse-beat 


The  first  type  of  irregularity  of  this  kind  is 
that  in  which  the  inspiratory  movement  is  speci- 
ally concerned.    When  the  tracing  is  examined, 
it  is  noticed  that  some 
of  the  pulse-waves  in  the 
series  are  of  smaller  size 
than  others.  The  appear- 
ance is   not   quite  the 
same   as    that   of  the 
ordinary  form  of  youth- 
ful irregularity  already 
described.     I  append  a 
tracing  from  a  baby  five 

months  old,  where  this  character  can  be  easily 
recognised  (Fig.  82).  When  a  simultaneous 
respiratory  record  is  made  it  is  found  that 


Fia.  79.— Gradual  development  of  the  premature  systole  {p)  in  the  case  of 
regular  irregularity  after  every  third  beat.   See  Fig.  77. 

spiratory  movement,  and  sometimes  the  curves 
occurring  during  expiration  are  unusually  large. 
A  tracing  from  a  girl,  twelve  years  of  age,  sufFer- 
  ing  from   chronic  rheu- 
matic   arthritis,  shows 
these  characters,  and  this 
form  of  respiratory  modi- 
fication of  the  pulse  often 
occurs  in  children  (Fig. 
83).    The  irregularity 
shown   in    this  tracing 
evidently  bears  a  close 
relationship    to    the  re- 
characters  are  not  quite 
of  the  ordinary  type  of 


spiratory  curve  ;  its 
the  same  as  those 
youthful  irregularity. 


The  strong  pulse-beat  after  the  irregularity. 


Pulse  and  Respiration 
Importance  of  making  Graphic   Records  of 
both  Events. — Pulse  and  respiration  is  a  com- 
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paratively  unworked  field  of  research.  In  the 
study  of  this  subject  under  various  conditions 
it  is  absolutely  necessary  to  make  simultaneous 
records  of  both  events.    This  can  now  be  ac- 


FlG.  81. — The  shortened  diastolic  period  after  the  premature  beat 
of  the  heart  (a) ;  that  shown  in  the  preceding  beat  is  the  usual 
type.    The  upper  tracing  is  from  tlie  apex  beat 


complished  most  satisfactorily  by  means  of 
Mackenzie's  "clinical  polygraph."  This  small 
apparatus  is  attached  to  the  ordinary  Dudgeon's 
sphygmograph,  and  it  records  the  respiratory 
curve  on  the  same  strip 
of  smoked  paper  as  that 
which  registers  the 
radial  pulse. 

The  Clinical  Poly- 
graph.— The  following 
short  description  of  the 
instrument  is  taken 
from  Dr.  Mackenzie's 
paper  on  the  "  Venous 
Pulse."    It  consists  of 

a  tambour  (A  in  the  figure)  supporting  the 
writing  lever,  the  latter  being  6  inches  in 
length.  From  the  under-surface  of  the  tam- 
bour a  pipe  protrudes,  which  is  connected  by 


writing  lever  can  be  adjusted  to  any  desired 
place  on  the  recording  paper,  as  there  are 
several  movements  available  at  D,  E,  and  F. 
By  this  method  any  pulsatile  movement  or  the 
respiration  can  be  recorded  at  the  same 
time,  and  on  the  same  paper  as  the  radial 
sphygniogram.  Ordinates  are  made  by 
allowing  the  levers  to  write  on  the  paper 
before  starting  and  after  stopping.  With 
a  pair  of  compasses  the  relative  time  of 
the  events  can  be  accurately  gauged. 

Use  of  the  Clinical  Polygraph  in  Children. 
— Tlie  writer  has  been  able  to  iise  this  little 
instrument  without  difiiculty,  even  in  new- 
born infants,  either  to  record  the  move- 
ments of  respiration  or  of  the  left  apex-beat 
along  with  the  radial  pulse.  The  tracings  are 
admirable,  and  we  now  possess  a  ready  and 
accurate  means  of  studying  the  influence  of 
the  respiratory  movements  on  the  circulation. 


FlO.  82.- 


india-rubber  tubing  with  a  receiver.  The  re- 
ceiver is  simply  a  small  shallow  vessel,  made 
of  lead  or  some  other  metal,  and  is  used  to 
receive  the  impressions  from  the  pulsating 
artery  or  vein  or  from  the  apex-beat.  Screwed 
tightly  to  the  bottom  of  the  tambour  is  a  stem 
(B),  6^  inches  in  length,  projecting  outward, 
parallel  to  the  under  surface  of  the  tambour. 
Half  an  inch  of  the  other  extremity  of  the  stem 
is  bent  almost  at  right  angles  (C),  and  this 
portion  fits  into  a  slot  in  the  upright  stem  that 
supports  the  movable  lever  of  a  Dudgeon's 
sphygmograph,  and  this  supports  the  tambour. 
When  the  tambour  arrangement  is  adjusted  to 
the  sphygmograph  the  tambour  rests  with  its 
movable  surface  vertically,  so  that  the  writing 
lever  moves  horizontally.     The  point  of  the 


Fig.  83.— Respiratory  irregularity  where  more  than  a  single  pulse-wave  is  affected  (really 
a  pulsus  paradoxus).   See  p.  419. 

Graphic  records  of  the  different  types  of  respir- 
atory movement  as  found  in  various  states  of 
dyspnoea  are  of  much  interest,  and  these  are  as 
yet  imperfectly  recognised.    Clinically,  we  know 
that  such  types  exist  under 
conditions   of  laboured 
breathing,  but  the  precise 
relations  of  the  inspiratory 
to  the  expiratory  phase  are 
not  always  adequately  ap- 
preciated. With  regard  also 
to  the  time  of  occurrence  of 
the  respiratory  pause  under 
various  circumstances, 
much  has  still  to  be  learnt. 
Effects  of  certain  forced  Respiratory  Move- 
ments on  the  Pulse. — -In  the  dyspnoea  of  ad- 
vanced  cardiac   failure,  with  the  circulation 
nearly  at  a  standstill,  the  pulse  seldom  shows 


-A  type  of  irregularity  due  to  respiration  in  an  infant  pet.  3  weeks— the  smaller 
pulse-curves  correspond  to  inspiration  (normal  breathing). 


Fig.  84. — Mackenzie's  "Clinical  Polygraph." 

any  respiratory  variation.  Hiccough  apparently 
affects  most  pulses  by  causing  a  temporary 
arrest  of  the  circulation  and  a  fall  of  blood 
pressure,  and  very  deep  inspiratory  and  ex- 
piratory efforts  with  closed  mouth  and  nose— 
the  so-called  Muller  and  Valsalva  experiments 
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— have  also  a  marked  influence.  The  soft  pulse 
of  low  pressure  is  undoubtedly  more  susceptible 
to  these  altered  respiratory  movements.  Pulses 
of  high  pressure  are  not  affected  to  nearly  the 
same  degree. 

It  is  certain  that  the  pliysiological  dictum 
that  "  during  inspiration  venous  pressure  falls 
and  arterial  pressure  rises,  and  during  expiration 
venous  pressure  rises  and  arterial  pressure 
falls,"  is  absolutely  inadequate  to  explain  all 
the  variations  of  different  pulses  produced  by 
altered  respiratory  movements  in  various  con- 
ditions. Tiie  whole  question  is  one  of  extreme 
complexity,  and  many  different  influences  are 
associated  together  to  evolve  certain  results. 

Probably  the  quantity  and  the  quality  of 
the  blood  circulating  in  the  vessels  of  the 
medulla  is  the  proximate  determining  cause 
of  the  chief  variations,  through  the  effects  thus 
produced  on  the  vital  centres  resident  there. 

Effects  2')roduced  by  Variations  in  the  Quantity 
of  Blood  reaching  the  Medulla. — During  inspira- 
tion blood  is  drawn  away  from  the  brain,  as  is 
easily  demonstrable  by  watching  the  sucking 
in  of  an  infant's  fontanelle  or  the  emptying  of 
a  full  jugular  vein.  This  means  a  lowering  of 
the  blood  pressure  in  the  bulbar  vessels,  and 
consequently  a  definite  effect  is  temporarily 
produced  on  the  control  of  the  circulation 
exerted  by  the  vagus  and  vaso-motor  nerves. 

In  the  case  of  the  vagus  centre,  diminished 
blood-supply  means  diminished  stimulation,  and 
will  lead  to  an  inhibition  of  its  influence  in 
maintaining  a  normal  pulse-rate.  Thus  in 
healthy  individuals  we  would  expect  strong 
inspiratory  movements  to  cause,  in  the  first 
instance,  a  quickening  of  the  pulse.  This  effect 
is  often  produced,  but  not  invariably. 

In  the  case  of  the  vaso-motor  centre,  when 
its  usual  blood-supply  is  diminished,  stimulation 
occurs,  with  the  result  that  its  activity  soon 
comes  into  play  in  the  shape  of  vaso-constriction 
and  consequent  rise  of  blood  pressure. 

Effects  produced  by  Variations  in  the  Quality 
of  tJie  Blood  reaching  the  Medulla. — In  the  case 
of  the  vagus  centre,  blood  deficient  in  oxygen 
or  otherwise  impure  will  result  in  sti7nulation, 
and  the  pulse  will  tend  to  become  slow. 

In  the  case  of  the  vaso-motor  centre,  stimula- 
tion also  occurs,  with  resulting  constriction  of 
the  smaller  arteries  throughout  the  body  and 
a  rise  of  blood  pressure.  Thus  it  will  be  seen 
that  the  combined  influence  of  diminished 
quantity  and  impaired  quality  of  the  blood  in 
the  medulla  will  produce,  in  the  case  of  the 
vagus  centre  opposite  effects,  and  in  the  case  of 
the  vaso-motor  centre  the  same  effects. 

An  appreciation  of  these  facts  may  help  to 
assist  one  in  the  interpretation  of  many 
sphygmograms  obtained  in  cases  of  spasmodic 
asthma,  and  also  in  other  diseases  associated 
with  laboured  respiration  and  alterations  in 
the  quality  of  the  blood. 


The  Effects  of  Afferent  Impulses  reaching  the 
Vaso-motor  Centre — The  Depjressor  Nerve. — Still 
other  influences  have  to  be  remembered  in 
dealing  with  the  whole  problem  of  pulse  and 
respiration  in  pathological  conditions.  The 
afferent  impulses  reaching  the  vaso  -  motor 
centre  are  of  considerable  importance,  and 
under  certain  circumstances  give  rise  to  un- 
expected results.  Impulses  coming  to  the 
centre  through  most  afferent  nerves  are  followed 
by  a  reflex  rise  of  blood  pressure  when  the 
pulse  is  of  low  or  of  medium  pressure.  But  if 
the  vaso-motor  centre  is  actively  maintaining 
a  high  pressure  in  the  arteries  by  constriction 
of  their  coats,  thus  inducing  abnormally  great 
distension  of  the  heart  and  embarrassment  of 
its  action,  then  a  special  afferent  impulse  to 
the  vaso-motor  centre  from  the  heart  itself 
will  act  in  an  opposite  way,  and  produce  a  fall 
in  the  blood  pressure  and  relief  to  the  heart. 

This  is  a  safety-valve  mechanism,  and  the 
afferent  impulse  which  brings  it  into  play  is 
conducted  through  the  depressor  nerve  which 
depresses  the  centre,  thereby  producing  dilata- 
tion of  the  intestinal  vessels  by  means  of  the 
splanchnic  nerves. 

Action  of  the  Depressor  Mechanism  in  Normal 
and  in  Pathological  Conditions. — This  mechan- 
ism for  regulating  the  blood  pressure  may  be 
frequently  called  into  action  in  normal 
individuals,  but  it  is  not  certain  that  it  always 
acts  so  precisely  in  diseased  conditions.  During 
a  severe  asthmatic  seizure,  where  there  may 
be  marked  vaso-constriction,  and  the  heart  is 
struggling  against  undue  resistance,  relief  may 
be  sometimes  partially  brought  about  in  this 
manner,  and  the  relaxation  of  the  vessels  leads 
to  the  lowering  of  the  arterial  pressure.  When 
a  long  inspiration  is  taken  and  the  breath  held 
the  type  of  sphygmogram  obtained  is  sometimes 
suggestive  of  the  same  thing — the  curves  may 
become  larger  and  more  dicrotic  during  the 
sustained  inspiratory  act. 

The  Connection  betiveen  the  Vagus  and  Respir- 
atory Irregularities  of  the  Pulse. — A  great  many 
of  the  varieties  of  respiratory  irregularity  of 
the  pulse  may  be  explained  on  the  theory 
already  advanced  to  account  for  the  ordinary 
type  of  youthful  irregularity.  Special  emphasis 
was  laid  on  the  fact,  that  when  the  pulse 
temporarily  quickened  owing  to  lessened  vagus 
influence,  the  reaction  back  to  the  normal  rate 
was  apt  to  be  too  extreme.  That  is  to  say, 
the  vagus,  in  regaining  its  influence,  tends  to 
slow  down  the  ventricular  beat  too  much  at 
first,  and  it  does  not  immediately  strike  the 
proper  balance  with  the  accelerators.  In  the 
ordinary  pulse  irregularity  of  the  child  it  is 
not  always  the  inspiratory  act  which  leads  to 
a  temporary  diminution  of  the  vagus  influence, 
and  therefore  a  faster  pulse.  Many  other 
causes  operate  on  the  rate  of  the  heart,  and 
some  of  these  may  act  continuously  for  a  time, 
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during  which  the  vagus  control  is  overbalanced. 
This  is  what  happens  during  febrile  conditions, 
and  when  the  temperature  falls  to  normal  the 
vagus  reasserts  its  control,  and  the  characteristic 
retardation  in  some  of  the  beats  is  observed. 
When  a  child  is  kept  resting  in  bed  the  vagus 
soon  begins  to  acquire  an  increased  power  over 


cases  of  laboured  and  rapid  breathing  the  pulse 
variations  are  of  a  similar  character. 

T'he  Effects  of  Deep  Insjnration  on  the  Pulse. 
— It  has  been  already  stated  that  it  is  the  soft, 
low-pressure  pulse  which  shows  the  greatest 
variations  with  respiration.  The  effects  of 
forced  inspiration  on  a  pulse  of  this  character 

are  to  quicken  the 
beats  and  render 
the  curves  more 
dicrotic.  During 
the  time  of  in- 
spiration, and 
especially  when 
the  breath  is 
held,  the  pulse- 
curves  often  be- 
come smaller  and 
are  of  shorter  duration.    During  expiration  the 
curves  become  larger,  and  are  generally  more 
prolonged  {see  Fig.  86). 

The  Effects  of  Deep  Expiration  on  the  Pulse. 
— Holding  the  breath  at  the  end  of  expii-ation 
does  not  seem  to  produce  nearly  so  marked  an 
effect  on  the  pulse.    It  generally  becomes  some- 


riG.  85. — Quickening  of  tlie  pulse  with  deep  inspiration  (loss  of  vagus  influence  over  heart),  with  slowing 
at  expiration  (vagus  regaining  its  inttuence).   The  quicker  beats  are  more  dicrotic. 


the  heart,  and  the  irregular  rhythm  of  the 
pulse  is  again  evident.  Ordinary  inspiration 
does  not  exert  a  sufficient  impression  on  the 
vagus  centre  to  affect  most  pulses.  Deep 
inspiratory  movements,  however,  lead  to  a 
certain  loss  of  vagus  control  and  to  a  quicken- 
ing of  the  pulse-rate.  This  is  generally  followed 
by  an  imd  ue 
slowing  of  the 
next  few  beats, 
more  or  less 
marked,  due  to 
temporary  over- 
action  on  the 
part  of  the 
vagus  when  its 
roots  are  again 
stimulated  by 

increased  blood-supply  (Fig.  85). 

Anything,  therefore,  which  leads  to  a 
temporary  or  prolonged  overbalancing  'of  the 
vagus  control  on  the  heart  will,  after  its 
influence  is  removed,  induce  a  form  of  pulse 
irregularity  characterised  by  a  lengthening  of 
the  diastolic  portions  of  some  of  the  pulse-curves. 


Fig.  87. — The  pulse  with  slow  respiration  ;  longer  diastolic  periods  during  expiration.   At  the  time  of 
inspiration  there  is  a  fall  in  the  tracing.  (Large  cerebral  hsemorrhage,  boy  aet.  12  years.) 

what  slower,  and  may  show  a  higher  pressure. 
At  the  end  of  deep  expiration,  however,  there 
is  often  a  prolongation  of  the  diastolic  periods 
of  the  curves. 

The  Pulse  with  Slcnv  Respiration. — When  the 
breathing  is  slow  and  laboured — as  in  all  cases 
of  cerebral  compression,  tubercular  meningitis, 
tumour,  etc. — it  is  com- 
mon to  have  one  or  more 
pulse-curves  correspon- 
ding  to  the  height  of 
inspiration,  markedly 
diminished  in  size  and 
shortened   in  duration. 
The  curves  occurring  at 
the  end  of  expiration  may 
be  somewhat  prolonged 
(Figs.  87  and  88).  When 
the  pulse  is  of  high  pressure,  however,  it  may 
show  very  little  respiratory  variation  (Fig.  89). 
The  type  of  respiratory  curve  in  some  forms  of 
cerebral  compression  is  peculiar,  and  in  several 
cases  of  simple  basal  meningitis  the  writer  ob- 
tained tracings  like  that  shown  in  Fig.  90.  The 
respiratory  pawse  occurs  after  inspiration.  This 
occurred  also  in  one  case  of  broncho-pneumonia 
complicated  by  pleurisy  with  effusion,  and  it 

27 


Fie.  86.— Eflfects  of  deep  respiration  in  causing  pulse  irregularity ;  prolonged  beats  occur  dur- 
ing the  expiratory  phase  after  the  transient  quickening  at  inspiration.  The  pulse-curves 
are  more  dicrotic  during  inspiration. 

A  deep  inspiration  is  only  one  of  the  many 
causes  which  acts  in  this  manner  on  the  vagus 
centre,  and  the  reaction  of  this  influence  is  often 
seen  in  a  prolongation  of  the  diastolic  portions 
of  the  curves  during  expiration,  for  at  this 
period  the  vagus  again  regains  its  control. 
The  tracing.  Fig.  86,  shows  this  form  of  pulse 
irregularity  where  respiration  is  purposely  deep, 
but  not  abnormally  rapid.    However,  in  some 
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probably  does  not  bear  any  special  significance. 
In  a  case  of  measles  ushered  in  by  violent 
convulsions,  with  a  pulse  of  great  rapidity  and 
a  temperature  of  over  105',  this  same  peculiar 


pulse-wave  during  inspiration  is  the  rule  even 
when  respiration  is  not  much  exaggerated. 
Forced  inspiration  is  not  always  necessary  to 
develop  this  feature  in  a  child's  pulse.  With 

ordinary  breath- 
ing it  can  fre- 
quently be  de- 
tected in  the 
sphygmogram. 

One  of  the  best 
examples  of  this 
form  of  piilse  was 
obtained  from  a 
youth  who  was 
suffering  from  a  mild  asthmatic  seizure.  There 
was  only  slight  wheezing  present,  and  the  breath- 
ing was  not  really  difficult.     On  feeling  the 
pulse  it  was  found  that  it  periodically  varied  in 


Fig.  88. — Pulse  with  slow  respiration,  showing  the  shorter  and  smaller  curves  during  inspiration 

type  of  breathing  was  found.  But  this  form  of 
respiratory  curve  does  not  seem  to  be  present 
in  cases  of  tubercular  meningitis  in  young- 
children. 

The  Pulse  with 
Laboured  Brea  th- 
ing.— When  the 
respiration  is 
very  rapid,  as 
in  pneumonia, 
the  pulse-tracing 
may  show  a 
short  and  a  long 
beat  alternately 
— the  former  co- 
inciding with  inspiration,  the  latter  with  expir- 
ation (Fig.  91). 

Pulsus  Pa7-adoxus. — Kussmaul  first  dii^ected 
attention  to  this  form  of  pxilse.     The  most 


Fig.  90. — The  type  of  respiration  in  simple  basal  meningitis  ;  respiratory  pause  occurs  after  inspiration.  ^ 
(Child  a;t.  16  months.    Pulse  144,  resp.  60,  temp.  100°.) 


Fig.  89. 


-Very  slight  respiratory  variations  in  the  pulse  when  the  arterial  pressure  is  high. 
(Tubercular  meningitis,  child  set.  4  years.) 


characteristic  feature  is  a  distinct  depression  of 
the  pulse-wave  occurring  synchronously  with 
inspiration.  This  peculiar  pulse  was  at  one 
time  supposed  only  to  occur  in  cases  where  some 
pleuro-pericardiac  adhesion 
existed.  Something  of  the 
same  kind  has,  however, 
been  found  in  other  condi- 
tions, such  as  simple  peri- 
carditis with  effusion,  pleu- 
risy with  effusion,  in  medi- 
astinal tumours,  and  in 
aneurysm  of  the  thoracic 
aorta. 

Brockbank  has  called  at- 
tention to  its  occurrence  in  children  suffering 
from  dyspnoea  due  to  acute  laryngitis. 

The  writer's  own  experience  is,  that  in  young 
children  this  diminution  of  the  height  of  the 


volume — so  much  so,  indeed,  that  by  gentle 
pressure  on  the  artery  the  impulse  seemed  at 
times  to  be  completely  absent.  Tracings  were 
taken,  and  the  relation  of  the  pulse  variation  to 

the  respiration  was 
observed.  Fig.  92 
shows  the  char- 
acters of  this  pulse, 
and  it  is  apparently 
identical  in  ap- 
pearance with  the 
so-called  "pulsus 
paradoxus."  There 
was  no  reason  to 
suspect  adhesive 
mediastinitis  here.  So  this  kind  of  tracing 
must  simply  be  regarded  as  an  exaggerated 
degree  of  the  not  imcommon  diminution  of 
the  pulse-wave  during  inspiration. 


Fig.  91.— Pulse  and  respiration  in  pneumonia  (fatal  type),  showing  alternate  large  and 
small  pulse-waves  at  expiration  and  inspiration. 

Causes  of  the  so-called  Pulsus  Paradoxus. — In 
a  paper  on  the  "  Effects  of  Forced  Inspiration 
on  the  Pulse  in  some  Forms  of  Heart  Disease," 
Irvine  discusses  this  question  pretty  fully.  He 
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agrees  that  the  occurrence  of  the  pulsus  para- 
doxus may  often  be  associated  with  pleuro-peri- 
cardiac  adhesion,  but  he  goes  a  step  farther, 
and  states  that  a  weakening  of  the  heart  muscle, 
due  to  myocarditis  or  by  effusion  into  the  peri- 
cardium, has  a  share  in  bringing  about  this 
pulse  depression. 

It  is  quite  certain,  however,  that  the  causes 
already  mentioned  do  not  often  come  into  play 
in  the  occurrence  of  this  inspiratory  variation  of 
the  pulse  in  children. 

Brockbank  recognises  the  need  of  some  other 
explanation  to  account  for  the  pulsus  paradoxus 


There  are,  however,  certain  special  features 
and  characteristics  of  the  pulsus  paradoxus,  as 
seen  in  cases  of  mediastino-pericarditis,  which 
distinguish  it  from  the  simple  diminution  of  the 
pulse-wave  which  occurs  so  frequently  in  children 
with  ordinary  or  slightly  exaggerated  inspiration 
under  various  other  conditions. 

The  writer  believes  it  would  be  advisable  to 
restrict  the  use  of  the  term  pulsus  paradoxus 
exclusively  to  that  type  of  pulse  which  occurs  in 
well-marked  cases  of  mediastino-pericarditis  ;  the 
term  should  not  be  applied  to  any  other  form  of 
inspiratory  diminution  of  the  pulse-curve,  how- 
ever marked  it  may 
be.  Harris,  in  his 
admirable  mono- 
graph on  "  Indur- 
ative Mediastino- 
Pericarditis," 
quotes  from 
Schreiber,  who  re- 
gards the  follow- 
ing peculiarities  as 
distinctive  of  the 

true  pulsus  paradoxus  : — 

(1)  Marked  diminution  in  the  volume  or  com- 
plete disappearance  of  the  pulse  of  all  arteries, 
and  not  only  of  that  of  the  radial  vessels, 
during  inspiration,  and  especially  in  the  second 
half  or  at  the  end  of  that  act. 

(2)  The  impossibility  of  replacing  the  para- 
doxical pulse  by  a  full  pulse  by  a  prolonged  and 
sustained  inspiration. 

(3)  The  pulsus  paradoxus  does  not  require  for 
its  development  the  inspiration  to  be  deep. 

(4)  The  pulse  intermission  is  accompanied  by  a 
regular  action  of  the  heart,  and  the  heart  shows 


Fig.  92. — Inspiratory  dimiiiutidii  of  the  pulse-curves  in  a  slight  case  of  spasmodic  asthma.  (Identical 
in  appearance  with  the  true  pulsus  paradoxus  of  mediastino-pericarditis.) 

of  acute  laryngitis  in  children.  In  such  cases 
he  thinks  it  is  to  be  found  in  the  great  variations 
of  the  intrathoracic  pressure  on  the  heart  and 
great  vessels  in  the  chest  cavity.  Without  going 
fully  into  the  matter,  it  may  be  stated  that 
difficulty  in  getting  the  air  into  the  lungs  is  the 
key-note  of  his  theory — the  in-rushing  air  can- 
not enter  fast  enough  to  fill  the  expanding  lungs. 
This  means  that  the  left  ventricle  has  to  pump  its 
contents  out  of  a  vacuum  into  positive  pressure. 

Explanation  of  the  cotiinion  Occurrence  of  this 
Pulse  Pecidiarity  in  Children.  —  Brockbank 's 
view  may  explain  why  this  pulse  peculiarity  is 
of  such  frequent  occur- 
rence in  young  children, 
even  in  normal  condi- 
tions, because  the  larynx 
and  trachea  ar-e  of  rel- 
atively small  size.  He 
apparently  does  not  re- 
cognise   how  common 
this    inspiratory  pulse 
diminution  is,  for  he  re- 
gards its  occurrence  in 
acute  laryngitis  as  specially  noteworthy. 

Extensive  employment  of  the  sphygmograph 
in  children  leads  the  writer  to  the  conclusion 
that  this  pulse  variation  is  almost  invariably 
met  with  in  all  conditions  of  laboured  breathing, 
whether  fast  or  slow. 

Anything  which  causes  obstruction  to  the 
entrance  of  air  into  the  lungs  during  inspiration 
accentuates  this  pulse  depression  (Fig.  93).  Its 
occurrence  has  been  noted  in  children  who  were 
largely  "mouth  breathers,"  owing  to  enlarge- 
ment of  the  tonsils,  or  in  those  who  were  affected 
with  adenoids.  Personal  experience  would  there- 
fore lead  me  to  support  such  a  theory  as  Brock- 
bank advances. 


I 


Fig.  93.— Slight  degree  of  inspiratory  pulse  diminution  in  a  child  affected  with  adenoids. 


(5)  No  weakening  of  its  action  during  the 
period  whilst  an  inspiration  is  being  made  (four 
and  five  might,  however,  be  modified  in  cases 
where  there  is,  at  the  same  time,  endocarditis 
or  myocai'ditis). 

In  addition  to  the  above-mentioned  characters 
Schreiber  mentions  an  associated  symptom  of 
great  importance — inspiratory  swelling  of  the 
cervical  veins. 

Diminished  Radial  Calih'e  d\iring  Inspira- 
tion.— In  some  cases  the  kind  of  tracing  obtained 
suggests  that  the  calibre  of  the  radial  artery 
actually  becomes  smaller  during  deep  inspiration. 
The  pulse-curves  during  this  period  seem  to  in- 
dicate that  the  artery  is  contracted,  and  that  its 
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elasticity  is  impaired.  The  instrumental  apex 
of  the  systolic  waves  is  not  developed  in  the 
smaller  curves  which  occur  during  inspiration, 
and  this  might  be  taken  as  evidence  that  the 
artery  is  more  fully  under  vaso-raotor  influence 
at  this  time.  The  effect  of  inspiration  on  the 
vaso-motor  centre  in  the  medulla  is  to  cause 
stimulation,  and  it  is  conceivable  that  sometimes 
the  arteries  are  alternately  contracted  and  re- 
laxed as  a  result  of  deep  inspiratory  and  expira- 
tory movements. 

The  Influence  of  the  Blood  Pressui^e  in  the 
Venae  Gomites  Radiates  in  the  Production  of  Res- 


spiratory  mo\'ement  is  thrown  largely  on  to  the 
intrathoracic  vessels  and  the  heai't." 

Results  of  Clinical  Observations  on  the  Pulse 
diiring  Laboured  Breathing. — An  examination  of 
the  writer's  pulse-  and  respiration-tracings  from 
children  and  adults  shows  that  the  line  of  the 
tracing  does  not  fall  during  deep  inspiration, 
except  in  a  very  small  proportion  of  cases.  In 
these  instances  the  accessory  muscles  of  respira- 
tion were  generally  called  into  action,  and  they 
probably  caused  slight  movements  of  the  arm 
which  aff'ected  the  tracings  during  inspiration 
(Figs.  94  and  87).    By  supporting  the  arm 

firmly  so  as  to  mini- 
mise such  move- 
ments, this  kind  of 
so-called  respiratory 
variation  disappears. 

These  observations 
seem  to  show  that  in- 
spiration A'ery  often 
simply  leads  to  a  dim- 
inution of  the  pulse- 
cvirve  without  lower- 
ing the  level  of  the  tracing.    On  the  contrary  it 
sometimes  happens  that  there  is  a  raising  of  the 
level  of  the  pulse-curves  during  the  inspiratory 
phase  (Fig.  95),  while  the  succeeding  curves 
show  prolonged  diastolic    portions  coincident 
with  expiration.     The  diastole  of  the  inspir- 
atory pulse-wave  may  then  be  incomplete. 

It  is  very  improbable  that  venous  stasis  and 
engorgement  really  modifies  the  sphygmogram 
so  generally,  or  in  such  a  marked  manner  as 
Hill  asserts.  Clinically,  in  carefully  made  obser- 
vations, we  need  only  seriously  consider  this  in- 
terference in  a  very  small  number  of  cases. 


Fia.  94. — Tlie/f(H  ill  the  level  of  the  tracing  during  inspiration  is  due  to  mechanical  movements  of 
the  arm  from  the  jiarticipation  of  the  accessory  muscles  of  respiration  in  the  act. 

piratory  Variations  in  the  Pulse. — Leonard  Hill 
and  others  believe  that  the  veins  which  surround 
the  radial  artery  bear  an  important  share  in  the 
production  of  many  of  these  respiratory  varia- 
tions of  the  pulse.  There  is,  these  observers 
state,  a  mechanical  displacement  of  the  button 
of  the  sphygmograph  above  the  level  of  the 
artery,  due  to  a  distension  of  these  veins.  In 
pathological  conditions  where,  by  l)ack  pressure, 
the  tension  in  the  venous  system  is  greatly 
raised,  this  filling  of  the  vente  comites  is  sup- 
posed to  account  for  the  various  modifications 
of  the  sphygmographic  tracing  which  have  al- 
ready been  described. 

The  following  passage  is 
quoted  from  Hill's  article  on 
the  Circulation  in  Schafer's 
Text-Booh  of  Physiology.  He 
says  :  "  The  sphygmogram 
shows  variations  synchronous 
with  the  respiratory  move- 
ments. Normally  these  are 
slight,  but  they  become 
marked  whenever  the  respir- 
ation is  either  deep  or  partially  obstructed. 

During  deep  inspiration  the  line  of  the  tracmg 

falls,  whilst  the  excursion  of  the  primary  wave 

decreases,  and  the  dicrotic  wave  becomes  more 

evident.    The  vense  comites  radiales  are  here 

emptied,  and  the  expanded  lungs  swallow  up 

the  blood,  so  that  the  arterial  tension  falls 

slightly.    When  expiration  follows,  the  line  of 

the  tracing  rises,  and  the  excursion  of  each 

pulse  is  increased.    During  a  deep  inspiration 

the  vessels  in  the  radial  sulcus  appear  to  the 

finger  of  less  breadth  and  of  lower  tension.  In 

obstructed  breathing  the  pulse-beats  may,  during 

inspiration,  almost  disappear,  for  the  air  cannot 

then  enter  freely,  and  thus  the  force  of  the  in- 
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Fig.  9.5. — To  show  the  raising  of  the  level  of  the  piilse-curves  during  inspiration. 


Hill's  Estimate  of  the  Power  attained  by 
Venous  Pressure. — Hill  ascribes  enormous  power 
to  venous  pressure.  During  the  performance  of 
Valsalva's  experiment — forced  expiration  with 
the  mouth  and  nose  shut — he  says  the  pressure 
in  the  venae  comites  radiales  rises  to  the  mean 
arterial  pressure.  We  do  no  think  this  opinion 
is  shared  by  many  physiologists. 

Dr.  Oliver  has  failed  to  detect  a  direct  re- 
lation between  the  evidence  of  a  high  radial 
calibre  and  that  of  venous  pressure  above  the 
average  ;  he  has,  on  the  contrary,  repeatedly 
met  with  low  readings  of  the  radial  calibre  when 
venous  pressure  was  exceptionally  high.  An 
analysis  of  Hill's  tracings  (Schafer's  Text-Book 
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of  Phy&iology^  vol.  ii.  p.  105)  would  seem  to 
indicate  that  the  distended  venae  comites  are 
capable  of  lifting  the  pad  of  the  sphygmograph 
through  a  greater  distance,  and  therefore  with 
a  force  greater  than  that  exerted  by  the  systole 


Fig.  96.- 


of  inspiration  is,  even  liere,  slightly  diminished 
in  amplitude. 

The  next  tracing,  Fig.  97,  shows  the  effects 
of  a  series  of  fairly  deep  breaths.  Now,  there 
is  a  distinct  diminution  of  eacli  pulse-curve  at 

the  height  of  inspira- 
tion. The  pen  which 
records  the  respira- 
tory curve  starts  a 
short  distance  be- 
hind that  which  re- 
pulse and  respiration  of  a  eat  under  deep  ether  an?esthesia.  gisters  the  pulse,  SO 

this  must  be  allowed 
for  in  the  timing  of  the  two  events. 

Fig.  98  shows  the  effect  of  taking  three  fairly 
deep  respirations.  The  line  of  the  tracing  is 
slightly  raised  during  inspiration. 

Fig.  99  shows  the  effect  of  taking  a  long 


of  the  left  ventricle.  It  is  surely  seldom,  if  ever, 
that  venous  pressure  can  attain  this  power. 

Results  of  Pulse-  and  Respiration-Ohservatloyis 
on  Animals. — The  writer  has,  with  the  able 
assistance  of  Dr.  Noel  Paton,  made  some  pulse- 
and  respiration-observations 
on  animals,  in  order  to  con- 
trol certain  results  obtained 
during  laboured  breathing 
in  children.  The  cat  was 
the  animal  employed.  Un- 
der ether  anaesthesia  one  of 
the  carotid  arteries  was  fully 
exposed,  and  a  portion  of 
the  artery,  separated  from  the  vein,  was  sup- 
ported by  a  piece  of  wood  which  was  held  by  a 
clip  attached  to  a  heavily  weighted  stand.  The 
artery  thus  lay  upon  a  perfectly  rigid  bed.  A 
Dudgeon's  sphygmograph,  with  a  clinical  poly- 
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Fig.  97.— Pulse  and  respiration  (cat).   Shows  the  diminution  of  the  pnlse-waves  at  the  height 
of  inspiration  (fairly  deep  respiration). 


Pulse  and  respiration  (cat).   The  line  of  the  tracing  is  raised  during 
inspiration  (respiration  is  deep). 


inspiration  and  then  holding  the  breath.  Again 
a  slight  raising  of  the  line  of  the  tracing  occurs, 
but  it  is  shortly  followed  by  the  usual  result, 
namely,  the  diminished  size  of  the  curves.  A 
sufficiently  deep  breath  will  practically  abolish 

the  pulse-wave,  and 
thus  produce  an  ex- 
treme degree  of  the 
so-called  pulsus  para- 
doxus. 

Another  tracing  is 
appended.  Fig.  100, 
which  shows  the 


graph  attached  to  record  the  respiratory  curve, 
was  held  firmly  in  a  suitable  apparatus  in  such 
a  way  that  it  could  be  made  to  rest  accurately 
upon  the  artery.  The  trachea  was  opened  and 
a  cannula  inserted,  through  which  the  animal 
breathed. 

The  object  of 
these  experiments 
was  to  ascertain 
whether  the  dimin- 
ution of  the  pulse- 
wave,  occurring  so 
commonly  in  child- 
ren during  slightly 
exaggerated  or  ob- 
structed breathing,  could  be  obtained  when  the 
pad  of  the  sphygmograph  rested  upon  the  artery 
alone. 

The  first  tracing.  Fig.  96,  shows  the  pulse- 
curves  along  with  normal  respiration  under 
deep  anaesthesia.  The  animal  was  breathing 
fairly  deeply,  and  each  pulse-wave  at  the  height 


raising  of  the  level 
of  the  pulse-tracing  produced  by  inspiration 
when  the  animal  was  dying.  The  india- 
rubber  bag  which  transmitted  the  respiratory 
movements  to  the  tambour  of  the  clinical 
polygraph   was   fixed   to   the  thorax   of  the 


Fig.  99.— Pulse  and  respiration  (cat).   The  effect  of  a  long  inspiration  with  breath  held  is 
to  raise  the  level  of  the  tracing  and  diminish  the  amplitude  of  the  pulse-curves. 


animal  in  such  a  way  that  it  lay  over  the 
cardiac  area,  and  therefore  received  the  pul- 
sations of  the  ventricle.  The  animal  was  at 
this  time  only  making  an  occasional  sighing 
respiration.  Therefore  the  record  of  heart^beats 
in  the  tracing  is  only  broken  twice  by  a  res- 
piration.   Each  time,  however,  when  this  occurs 
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there  is  a  distinct  elevation  of  the  line  of  the 
tracing. 

The  Effects  of  Venous  Pressure  on  the  Form 
of  Pulse  Tracing  are,  clinically,  unimpo7'tant. — 
It  seems  clear  from  these  experiments  that  this 
common  respiratory  variation  of  the  pulse — 
dimiiiution   in   the  size  of  the  beat — is  not 


Fia.  100. — Pulse  and  respiration  (cat).  The  animal  is  dying,  and  the  lower  tracing  records  the 
heart-beats,  which  are  twice  broken  by  a  sighing  respiration  (In).  The  raising  of  the 
level  of  the  tracing  at  inspiration  is  again  observed. 


necessarily  due  to  alterations  in  the  pressure  of 
the  veins  upon  which  the  pad  of  the  sphygmo- 
graph  may  rest  at  the  time  the  tracing  is  made. 

The  writer  believes  that  the  force  of  the 
inspiratory  movement  acting  on  the  intrathor- 
acic vessels,  and  also  directly  upon  the  heart  itself, 
plays  the  chief  part  in  the  production  of  many 
of  these  variations  of  the  pulse-wave.  In  some 
instances,  perhaps,  inspiration  may  induce  certain 
changes  in  the  pulse  through  effects  produced 
on  the  vaso-motor  centre.  Brockbank's  explana- 
tion of  the  pulsus  paradoxus  in  acute  laryngitis 
is  based  upon  the  effects  produced  by  the  ex- 
panding lungs  on  the  heart  and  vessels  within 


I'lO.  101.— Diagrammatic  representation  of  the  ordinary  cardio- 
gram. Filling  of  the  ventricles  from  the  auricles,  a. 
Contraction  of  auricles. 

the  chest,  and  the  form  of  pulse  obtained  in 
this  condition  is  simply  an  exaggeration  of  the 
common  inspiratory  variation  of  children.  Hill 
recognises  this  influence  of  inspiration  on  the 
intrathoracic  vessels,  but  asserts  that  it  affects 
the  sphygmogram  mainly  through  alterations 
thus  produced  in  the  pressure  of  blood  in  the 
veins  accompanying  the  radial  artery.  It  is 
most  unlikely,  however,  when  the  left  ventric- 
ular systole  raises  the  pad  of  the  sphygmograph 
through  a  certain  space,  that  the  venous  pres- 
sure in  the  venae  comites  is  capable  of  raising 
the  pad  through  a  greater  space,  and,  clinically, 
the  careful  observer  may  practically  ignore  the 
participation  of  the  veins  in  the  modification  of 
the  sphygmogram. 

Heart  Movements 
The  Apex-Beat. — The  left  apex-beat  indicates 
the  chief  movement  of  the  heart.    It  may  often 
be  found  in  the  fourth  interspace,  and  outside  the 
nipple  line  in  children,  but  in  adults  it  is  normally 


well  inside  this  line.  When  this  movement  is 
produced  by  the  left  ventricle  it  is  due  to  a 
displacement  forwards  of  the  hardened  apex  of 
the  heart.  During  the  whole  period  of  systole 
the  apex  of  the  heart  is  lying  against  the  inter- 
space in  the  chest  wall. 

The  Component  Parts  of  the  Cardiographic 
Tracing.  —  The  ordinary 
cardiogram  from  the  left 
ventricular  systole  may 
be  interpreted  as  follows 
(see  Figs.  101  and  102)  :— 
1 .  The  forward  movement 
of  the  ventricle  as  it  begins 
to  contract  (D).  2.  Reten- 
tion of  the  apex  against 
the  interspace,  i.e.  full 
contraction  (E).  3.  The  backward  movement  of 
the  ventricle  as  it  begins  to  dilate  (F).  4.  The 
gradual  swelling  of  the  ventricle  up  to  the  full 
dilatation  (G).  Sometimes  a  small  elevation 
{a)  before  the  period  D  marks  the  contraction 
of  the  auricles. 

The  period  E  may  be  very  transient  if  the 


Fig.  102. — The  ordinary  cardiocram  from  the  apex-beat  of  a 
child  iet.  10  years,  showing  the  different  phases  of  the 
ventricular  contraction.  The  lower  tracing  was  taken 
simultaneously  from  the  radial  pulse.  A  rise  in  the 
card iogra pine  tracing  occurs  at  the  time  of  ventricular 
systole;  E  in  sphygmogram. 

ventricles  shrink  during  their  systole  away  from 
the  interspace  (Fig.  103),  and  it  may  be  repre- 
sented by  a  large,  well-sustained  elevation,  the 
"  systolic  plateau,"  when  the  apical  protrusion 
into  the  interspace  is  forcible  and  lasting  [see 
Fig.  104). 

The  ''Shock"  due  to  the  Systole  of  the  Left 


Fig.  103. — Cardiogram  where  the  retention  of  the  ventricular  apex 
against  the  interspace  has  been  transient — rounded  instru- 
mental ape.\,  E,  to  the  curve  due  to  "shock  "  of  systole. 

Ventricle. — The  shock  dne  to  the  left  ventricular 
systole  is  important,  for  it  is  quite  a  different 
thing  from  the  systole  itself.  The  systole  lasts 
during  all  the  time  of  the  apex-beat.  The 
"shock"  may  often  be  a  transient  portion  of 
the  cardiogram,  but  it  may  jerk  up  the  lever 
of  the  instrument  and  form  a  large  instrumental 
apex  in  some  tracings,  which  is  sometimes  the 
only  movement  distinguishable. 
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The  "  shock  "  and  the  apical  protrusion  may 
sometimes  appear  as  two  distinct  elevations, 
just  in  the  same  way  as  the  "  systolic  wave " 
in  the  sphygmogram  may  appear  as  a  divided 
summit. 

Value  of  Simultaneous  Cardiographic  and 
Pulse  Tracings.  —  The  cardiographic  tracing 
when  made  simultaneously  with  that  of  the 
radial  pulse  is  of  great  assistance  in  the  inter- 
pretation of  the  various  forms  of  irregularity 
and  intermittency.  The  impulse  from  the  left 
ventricle  may  also  often  be  used  to  time  the 


Fio.  104. — Cardiogram  to  show  prolonged  retention  ot  heart's  apex  against  the  interspace  ; 
period  E  is  the  "systolic  plateau." 


occurrence  of  other  movements  which  are  some- 
times found  over  the  cardiac  area,  or  such 
movements  may  be  timed  with  the  radial  pulse, 
which  is  practically  the  same  thing. 

Retraction  of  Tissites  near  the  Heart  during 
the  Ventricular  Systole. — It  is  important  to  re- 
member that  when  the  heart  contracts  and 
pushes  its  apex  into  the  fourth  or  fifth  inter- 
space, it  at  the  same  time  draws  in  the  tissues 
round  the  interspace.  As  the  heart  shrinks 
during  its  systole  the  yielding  structures  near 
it  retract,  and  thus  there  is  sometimes  a  sucking 
in  of  the  skin  over  certain  areas  at 
the  time  of  the  pushing  out  of  the 
skin  by  the  left  ventricular  apex 
(apex-beat). 

We  may  briefly  consider  a  few  of 
these  movements,  and  their  relation- 
ship to  the  cardiogram  of  the  left 
apex-beat  or  to  the  radial  pulse. 

Epigastric  Pidsation.  —  First  with 
regard  to  epigastric  pulsation. 

In  the  acute  dilatation  of  the  heart 
of  diphtheria,  acute  pneumonia,  and 
rheumatism,  as  well  as  in  advanced  valvular  dis- 
ease, one  frequently  observes  very  marked  pul- 
sation in  the  epigastric  region.  This  is  an 
important  symptom,  because  it  shows  that  the 
right  side  of  the  heart  has  enlarged  sufficiently 
to  cause  a  movement  of  the  skin  over  this  area 
during  the  systole.  Sometimes  the  skin  in  this 
region  is  pushed  out  during  the  systole  in  the 
same  manner  as  it  is  in  the  fifth  interspace  by 
the  apex-beat,  but  this  is  very  unusual. 

The  usual  movement,  when  any  pulsation  is 
found,  is  a  distinct  retraction  of  the  skin  in  this 
situation  at  the  time  of  the  ventricular  systole. 

In  the  dilated  heart  it  is  necessary  to  fully 


appreciate  the  fact  that  the  right  ventricle 
practically  occupies  the  whole  of  the  cardiac 
dulness  ;  only  a  small  strip  of  the  left  ventricle 
lies  superficially  enough  to  be  included  in  this 
area.  Hence  under  these  circumstances,  as 
Mackenzie  has  pointed  out,  what  is  felt  as  the 
apex-beat  may  not  be  produced  by  the  pro- 
trusion into  the  interspace  of  the  hardened 
left  ventricular  apex.  The  dilated  right  ven- 
tricle is  now  occupying  this  situation,  and  at 
the  time  of  its  systole,  instead  of  a  "pushing 
out"  of  the  interspace,  there  is  a  "sucking  in." 

Thus  a  fall  will  be  pro- 
duced in  the  cardiographic 
tracing  at  this  time  instead 
of  a  rise  when  the  "  re- 
ceiver "  is  recording  the 
movement.  Should  the 
right  ventricle  be  suffi- 
ciently dilated  to  extend 
into  the  epigastrium  a 
similar  movement  will  be 
obtained  in  that  region  at 
the  time  of  its  systole. 
Here  the  "  sucking  in " 
may  possibly  be  accentuated,  because  the  left 
ventricle,  wiien  it  contracts  and  hardens,  tends 
to  pull  the  right  ventricle  inwards,  that  is, 
away  from  the  epigastrium. 

With  regard  to  epigastric  pulsation,  then,  a 
simultaneous  record  of  the  two  events,  heart 
and  pulse,  shows  that  the  systolic  portion  of 
the  pulse-curve  corresponds  to  a  depression  in 
the  cardiogram,  which  indicates  that  the  epi- 
gastrium has  been  drawn  in  instead  of  pushed 
out  at  the  time  of  the  ventricular  contraction 
(Fig.  105).     Mackenzie  has  called   this  the 


Fig.  105. — The  "inverted  cardiogram"  from  the  epigastrium.  A  depression 
in  the  cardiographic  tracing  occurs  at  the  time  of  the  systole  of  the 
ventricle ;  E  in  radial  pulse  tracing.  (Boy  set.  16  with  greatly  dilated 
heart.) 


"inverted  cardiogram,"  and  in  adults  he  finds 
that  it  is  almost  invariably  due  to  the  systolic 
contraction  of  the  right  ventricle.  Such  a  type 
of  cardiogram,  if  obtained  over  the  usual  situa- 
tion of  the  apex-beat,  shows  that  the  right 
ventricle  is  occupying  that  part  of  the  cardiac 
dulness,  and  signifies  extreme  dilatation  of  the 
heart.  In  children,  however,  the  writer  has 
occasionally  found  that  epigastric  pulsation  is 
due  to  a  greatly  enlarged  left  ventricle,  and  a 
tracing  of  a  fairly  typical  cardiogram  is  obtained 
(Fig.  106).  It  is  difficult  to  see  how  the  left 
ventricle  can  occupy  this  situation  unless  the 
whole  heart  is  tv/isted  round  on  its  long  axis. 
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Attention  has  already  been  drawn  to  the  fact 
that  under  treatment,  when  the  dilatation  of 
the  ventricle  subsides,  the  epigastric  impulse 
disappears. 

Pulsation  from  the  Abdominal  Aorta. — The 
abdominal  aorta 
may  sometimes  com- 
municate a  pulsa- 
tion to  the  epigas- 
trium. It  is  then, 
of  course,  a  systolic 
protrusion  and  not 
„  .    ,  .     ,        ,       a  retraction,  and  is 

Fig.  106.— Epigastricpulsation  from  .        t     ■        .  ,  n 

a  child  aged  9  years,  with  rheu-    easily  distinguished 

rht^cVXgram  iftfof'Thi  from  the  ordinary, 
"inverted"  type.  or  from  the  inverted 

cardiogram.  Its 
systolic  portion  is  synchronous  with  that  phase 
in  the  radial  sphygmogram,  and  there  is  no  phase 
corresponding  to  the  period  D  of  the  cardiogram 
— the  so-called  "  pre- 
sphygmic  "  period. 

Impulse  from  the 
Pulmonary  Artery. — 
Among  other  pulsa- 
tions seen  over  the 
cardiac  area  mention 
may  be  made  of  that 
due  to  the  pulmonary 
artery. 

Fig.  107  is  a  tracing 
taken  from  a  girl  ten  years  old  who  had  a  severe 
attack  of  rheumatic  fever,  and  the  pulsation 
recorded   is   evidently    directly  communicated 


Supposed  Auricular  Pulsation. — A  case  of 
special  interest  may  be  briefly  referred  to.  A 
girl  aged  five  years  had  a  congenital  cleft  in  her 
sternum,  just  over  the  site  of  the  left  auricle. 
There  was  marked  pulsation  here  which  was 
supposed  to  be  auricular.  The  movement, 
however,  lasted  over  a  longer  period  than  one 
would  expect  for  an  auricular  contraction,  and 
it  was  not  altogether  suggestive  of  the  pulmonary 
artery.  Tracings  of  the  pulsation  were  taken 
simultaneously  with  the  radial  pulse.  Fig.  109 
shows  the  result.  It  is  a  good  example  of  the 
"inverted  cardiogram,"  and  therefore  the 
movement  was  really  due  to  a  sucking  in  of  the 
tissues  above  the  site  of  the  apical  protrusion, 
or  it  may  possibly  have  been  caused  by  the 
systole  of  the  right  ventricle. 

One  sometimes  obtains  quite  a  similar  tracing, 
however,  off  the  pulmonary  area  in  children. 
Fig.  110  is  an  example  ;  the  systolic  portion  of 


Fig.  ids.— Simultaneous  tracings  from  the  pulmonary  artery  and  radial  pulse,  showing  the 
con-espondence  of  the  systolic  portions,  E. 

the  radial  pulse  corresponds  to  a  fall  in  the 
cardiographic  tracing ;  it  is  therefore  an  "  in- 
verted cardiogram." 

Cardiograms  obtained  directly  off  the 
Left  Ventricle. — The  writer  had  a  unique 
opportunity,  through  the  kindness  of 
Mr.  Dowden,  of  obtaining  cardiograms 
directly  off  the  left  ventricle  from  a  child 
five  years  old. 

patient  under  his  care  suffered  from 
multiple  pysemic  abscesses,  and  one,  which 

Fig.  107.— Simultaneous  tracings  from  the  left  apex-beat  (upper  tracing)    formed   over    the    left    mammary  region, 
and  from  the  pulmonary  artery  (lower  tracing).   The  movements  are 
synchronous. 


by  the  pulmonary  artery.     There  was  visible 
pulsation  over  the  region  of  the  left  auricle, 
and  it  was  doubtful  whether  it  was  an  auricular 
movement  or  one  due  to  the 
pulmonary  artery.    Two  trac- 
ings are  given  which  clearly 
show  that  the  impulse  is  not 
an  auricular  one,  and  that  the 
movement  is  quite  synchron- 
ous with  the  systole  of  the  left 
ventricle   and  with  the  radial 
pulse  (.see  Figs.  107  and  108). 

Other  Movements  over  the 
Precordial  Region. — Other  movements  over  the 
precordia  are  generally  due  to  a  retraction  of 
the  tissues  coincident  with  the  apex-beat.  A 
tracing  reveals  their  true  significance  when 
timed  with  the  radial  pulse. 


was  observed  to  communicate  a  cardiac 
rhythm.     It  was  incised,  and  pieces  of 
rib  were  removed.    An  opening  was  thus  left 
in  the  chest  wall  through  which  the  ventricle, 
covered  by  the  pericardium  and  the  visceral 


Fig.  109.— Sujiposed  auricular  pulsation— really  an  "  inverted  cardiogram."  Systolic 
portion  of  radial  sphygmogram  E  corresponds  to  a  depression  in  the  cardiogram. 

layer  of  the  pleura,  could  be  easily  seen.  A 
small  metal  "receiver,"  with  rubber  tubing 
attached,  was  thoroughly  sterilised,  and  was 
passed  through  the  wound  on  to  the  surface 
of  the  left  ventricle.    The  other  end  of  the 
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tubing  was  connected  with  the  tambour  of  the 
clinical  polygraph.  This  was  then  attached  to 
a  Dudgeon's  sphygmograph,  which  was  used  to 
make  a  simultaneous  tracing  of  the  radial  pulse. 
As  a  control  observation  a  tracing  was  taken  by 
putting  the  "receiver"  on  the  skin  over  the 
site  of  the  apex-beat,  and  an  ordinary  cardio- 
gram was  obtained.  The  deep  respiratory 
movements  led  to  some  alteration  in  the  char- 
acters of  the  tracing  obtained  directly  off  the 
ventricular  surface,  but  it  is  quite  similar  to 
that  made  from  the  apex-beat  (Fig.  111).  The 
"  receiver  "  was  probably  over  the  apical  portion 
of  the  left  ventricle,  and  the  tracing  represents 


Fig.  110. — Tracing  taken  from  the  pulmonary  area  in  a  child  aged  3  years.  There 
is  a  retraction  of  the  skin  over  this  area  (inverted  cardiogram)  at  the  time 
of  ventricular  systole,  E  (radial  pulse). 


the  hardening  of  the  muscle  at  its  systolic  con- 
traction— an  ordinary  left  ventricular  cardio- 
gram. 

Direct  Mechanical  Stimulation  of  the  Heart 
UTider  Chloroform. — While  the  child  was  under 
chloroform  the  heart  was  touched  with  the 
point  of  the  finger,  and  also  with  dressing 
forceps.  Direct  stimulation  applied  in  this  way 
had  no  effect  whatever  on  the  ventricular  beat. 
The  slightly  smaller  pulse-waves  seen  in  the 
tracing  correspond  to  inspiration. 

The  Pulse  in  Tubercular  Meningitis 
There  are  certain  diseases  in  which  the 
characters  of  the 
pulse,  when  care- 
fully studied  by 
means  of  the 
sphygmograph, 
bear  some  diag- 
nostic or  prognos- 
tic significance.  In 
the  present  article 
the  special  types 
associated  with 

tubercular  meningitis  and  pneumonia  will  be 
shortly  considered. 

The  Pulse  of  Tubercular  Meningitis  in  Young 
Children. — At  a  certain  stage  in  the  course  of 
tubercular  meningitis  a  slow,  irregular  pulse  is 
often  found,  and  it  is  regarded  by  some  as  a 
symptom  of  considerable  value  in  diagnosis.  In 
children  under  two  years  of  age,  however,  a 
markedly  slow  irregular  pulse  is  not  often 
observed.  The  writer  has  gladly  availed  him- 
self of  Dr.  John  Thomson's  experience  in  this 
disease.  In  a  series  of  18  cases  examined  by 
Dr.  Thomson,  occurring  in  children  whose  ages 


ranged  from  a  half  to  two  years,  the  pulse  was, 
in  3  of  these  only,  under  90  per  minute,  and 
irregular  in  rhythm.  But  irregularity  was 
sometimes  noted  when  the  pulse  was  much  more 
rapid. 

Irregularity  of  the  Respiration  in  Tubercular 
Meningitis. — During  the  early  period  of  tuber- 
cular meningitis  in  children  under  two  years  of 
age  very  irregular  breathing  often  coexists  with 
a  regular  rapid  pulse.  As  an  early  symptom  in 
these  cases,  marked  irregularity  of  the  respiration 
may  be  a  suggestive  and  important  sign — it  is 
more  significant,  and  more  to  be  relied  on  in 
diagnosis,  than  mere  irregularity  of  the  pulse. 

In  children  over  two  years  of 
age,  however,  one  imdoubtedly  often 
meets  with  a  rather  characteristic 
pulse  in  the  early  stages  of  the  dis- 
ease. We  say  rather  characteristic, 
because  as  a  single  symptom  we  do 
not  think  it  can  often  be  absolutely 
relied  upon  for  purposes  of  diagnosis. 

Irregularity  of  the  Pulse  in  Tuber- 
cular Meningitis. — Most  authorities 
speak  of  this  pulse  as  an  intermittent 
one  ;  and  if  one  could  admit  the  correctness  of 
some  of  the  text-book  descriptions,  then  the 
features  possessed  by  it  would  indeed  be  suffi- 
ciently characteristic  to  distinguish  it  from 
almost  any  other.  So  far  as  the  writer's  obser- 
vations go,  he  does  not  think  the  mere  irregu- 
larity means  much,  because  to  the  finger  it  is 
precisely  similar  to  that  of  the  usual  type  of 
youthful  irregularity  already  described. 

The  slowness  of  the  pulse,  occurring  at  a  time 
when  the  temperature  is  elevated,  often  to  a 
considerable  degree,  is  significant,  but  of  still 
greater  suggestiveness  is  the  contracted  state  of 
the  radial  artery.    This,  in  the  writer's  opinion. 


Fig.  111. — Simultaneous  tracings  directly  off  the  left  ventricle  and  from  the  radial  pulse  ;  the  "  systolic 
plateau"  E  corresponds  in  time  to  the  systolic  portion  of  the  sphygmogram.  The  respiratory 
movements  have  modified  the  cardiographic  tracing. 


is  a  very  striking  condition,  and  it  is  an  unusual 
one  in  young  children.  There  is  sometimes  a 
very  marked  degree  of  contraction  present,  and 
the  artery  can  be  rolled  like  a  piece  of  whip-cord 
under  the  finger.  The  pulse  is  always  slow  and 
hesitating  when  the  vaso-constriction  is  very 
pronounced,  for  the  ventricle  is  then  acting 
against  greatly  increased  peripheral  resistance. 
In  this  disease  slight  elevation  of  the  temper- 
ature does  not  always  lead  to  relaxation  of  the  ar- 
teries, so  the  pulse-rate  does  not  quicken.  Hence 
the  suggestive  triad  of  symptoms — pyrexia, 
slow  irregular  pulse,  and  contracted  vessels. 
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General  Use  of  the  Term  "  Intermission "  in 
describing  this  Form  of  Pulse. — In  the  descrip- 
tion of  this  pulse  irregularity  hitherto,  the  term 
"  intermission "  has  generally  been  used.  It 
has  already  been  pointed  out,  in  the  classifica- 
tion of  pulse  irregularities,  that  the  term  inter- 
mission should  only  be  employed  when  it  can 
be  definitely  proved  that  a  whole  heart-beat  is 


I'IG.  112.— Pulse  ill  tubercular  meningitis  (child  set.  Z\  years).  The  radial  artery  Is 
small  anil  tightly  contracted.  Shows  type  oi  irregularity  and  occasional  appear- 
ance of  anacrotic  curves. 


entirely  missed  out.  There  is  no  absolute 
certainty  that  this  true  ventricular  intermission 
occurs  in  man,  except  on  very  rare  occasions ; 
and  the  writer  has  never  met  with  it  in  children, 
nor,  so  far  as  he  knows,  has  any  one  else.  By 
trusting  to  information  derived  from  the  use  of 
the  finger  alone,  the  pulse  in  tubercular  menin- 
gitis has  been  called  "intermittent"  in  the 
sense  that  an  entire 
heart-beat  is,  from  time 
to  time,  omitted  alto- 
gether. Thus  Eustace 
Smith  says,  "a  slow, 
irregular  pulse,  especi- 
ally if  the  intermission 
be  complete.,  very  greatly 
increases  the  value  of 
the  symptoms  with 

which  it  may  be  associated.  It  must,  however, 
be  remembered  that  during  convalescence  from 
acute  disease  the  pulse  in  a  child  often  becomes 
slower  and  irregular,  and  may  even  completely 
intermit,  especially  during  sleep."  In  another 
place  he  states  that  "the  irregularity  in  rhythm 
is  particularly  well  marked,  because,  as  a  rule, 
the  intermission  is  comjdete.    This  is  the  more 


as  being  the  correct  definition  of  what  actually 
occurs. 

The  General  Type  of  Pulse  Irregularity  in 
Tubercular  Meningitis.  —  Sphygmographic  ex- 
amination of  the  pulse,  however,  lends  no 
support  to  such  a  view,  for  the  so-called  "  inter- 
missions "  are  found  to  be  due  to  a  prolongation 
of  the  diastolic  portions  of  some  of  the  curves, 
of  the  same  nature  as  char- 
acterise the  ordinary  type  of 
youthful  irregularity. 

Frequent  instrumental  ex- 
amination of  the  pulse  in  tuber- 
cular meningitis  has  convinced 
the  writer  that  this  is  an  accu- 
rate statement.  There  is  no 
essential  diff'erence,  appreciable 
to  the  finger,  between  the  type 
of  irregularity  found  in  the 
early  stages  of  this  disease  and  that  which  may 
be  found  in  any  healthy  child  whose  pulse  is 
slowing  down  from  any  cause. 

Other  cerebral  lesions  —  simple  meningitis, 
cerebral  tumour,  and  abscess — may  sometimes 
very  closely  resemble  tubercular  meningitis, 
and  in  order  to  make  a  distinction  it  is  often 
necessary  to  examine  each  symptom  in  detail. 


Fig.  113.— Pulse  in  tubercular  meningitis  (child  a;t.  2i  years). 

(Anacrotic  pulse.) 

evident  on  account  of  the  slowness  of  the  pulse. 
Several  beats  strike  the  finger  in  regular  suc- 
cession, and  then  suddenly  one  beat  is  entirely 
omitted,  and  there  is  a  pause  until  the  rhythm 
is  again  taken  up  by  the  succeeding  beat." 

The  italics  are  mine,  and  I  w^ould  emphasise 
the  fact  that  this  authority  assumes  the  omis- 
sion of  a  whole  cardiac  cycle  during  the  long 
pulse-pause.    This  suppositson  has  .been  accepted 


Kw.  114. — Pulse  in  tubercular  meningitis  (child  set.  2J  years).    Radial  artery  cord-like.  Shows 
the  rather  characteristic  type  of  irregularity  in  this  disease.    (Anacrotic  curves.) 

Under  such  circumstances  the  sphygmograph 
may  reveal  certain  pulse  features  which  could 
not  be  ascertained  without  its  aid,  and  which 
may  be  of  considerable  value  in  differential 
diagnosis. 

A  Special  Feature  in  the  Pulse  Irregularity  of 
Tubercular  Meningitis.  —  In  a  typical  case  of 
tubercular  meningitis,  if  the  sphygmograph  be 
used  every  twelve  or  twenty- 
four  hours  throughout  the 
early  stages  of  the  disease, 
one  may  sometimes  secure 
a  tracing  where  the  pulse- 
waves  exhibit  one  particular 
feature  which  is  not  to  be 
observed  in  sphygmogranis 
obtained  from  most  other 
cerebral    affections    (intracranial    tumour  ex- 
cepted) for  which  it  may  be  mistaken.  The 
feature  referred   to  is   somewhat   difiicult  to 
describe,  but  an  examination  of  the  tracings 
(Figs.  112-115)  will  clearly  show  the  peculiarity 
to  which  it  is  desired  to  draw  attention.  In 
some  of  the  curves  the  length  of  the  systolic 
wave  is  shortened,  and  the  second  summit  of 
this  wave  then  rises  to  a  higher  level  than  usual 


Radial  .irtery  contracted. 
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above  the  first  summit.  This  is  equivalent 
to  saying  that  occasionally  the  curves  in  the 
tracing  become  of  the  anacrotic  or  bisferiens 
type.  The  radial  artery  is  always  tightly  con- 
tracted when  such  tracings  are  obtained,  and 


Fig.  115. — Pulse  ill  tubercular  meningitis  (child  set.  21  years).  The  radial  artery  is  not 
so  tightly  contracted— temp.  10y2'.  The  pulse-curves  are  now  of  the  histeriens 
type,  but  the  same  type  of  irregularity  is  shown. 


the  appearance  of  the  sphygmogram  suggests 
that  the  calibre  of  the  vessel  is  undergoing  varia- 
tions, from  vaso-motor  influence,  even  while  an 
observation  is  being  made  (see  also  Figs.  16  and 
28).  It  cannot  be  cer- 
tainly affirmed  that  this 
is  a  feature  peculiar  to 
the  pulse  of  tubercular 
meningitis,  or  that  it  can 
be  demonstrated  in  every 
case  of  that  disease. 
When  such  a  tracing  is 
obtained,  however,  it  is 
noted  that  it  differs  in 

this  respect  from  the  usual  type  of  youthful 
irregularity.  Otherwise  the  two  forms  of  ir- 
regularity would  be  precisely  similar. 

ChaiKjes  in  the  Character  of  the  False  during 


appearances  are  of  instrumental  production,  but 
this  is  not  the  case.  When  the  slow,  irregular 
pulse  of  tubercular  meningitis  is  quickened  from 
any  cause,  it  at  the  same  time  becomes  regular, 
and  in  the  final  stage  of  the  disease  beconies 
enormously  rapid.  During 
this  period  the  vagus  never, 
even  temporarily,  regains  its 
control  over  the  heart,  and  the 
pulse  is  constantly  fast  (Fig. 
118). 

During  the  early  stages  of 
the  disease,  when  the  pulse  is 
slow,  the  sphygmogram  is  in- 
variably one  of  the  high-pres- 
sure type,  even  though  the 
wave  is  excessively  small  and  feeble.  In  the 
later  stages  of  the  disease,  however,  when  the 
pulse  becomes  rapid,  the  pressure  may  fall,  and 
the  tracing  is  sometimes  dicrotic. 


FIO.  117.- 


Fig.  116.— Pulse  in  tubercular  meningitis  (child  set.  2J  years).   To  show  the 
changes  in  pulse  form  in  the  course  of  a  single  tracing. 


the  Course  of  Ihobercular  Meningitis. — In  some 
cases  of  tubercular  meningitis,  perhaps  the  re- 
markable variation  in  the  character  of  the  pulse- 
curve  from  day  to  day,  or  even  from  hour  to 
hour,  is  the  most 
striking  thing 
noted.  This  is  an- 
other suggestive 
point  in  the  differ- 
ential diagnosis  of 
the  disease.  The 
pulse  may  be  fairly 
regular,  and  may 
alter  while  it  is  being  felt  into  a  halting,  irregu- 
lar rhythm.  Sphygmograms  of  the  type  shown 
in  Figs.  116  and  117,  where  a  series  of  large  and 
small  beats  occur  alternately  throughout  the 
tracing,  are  sufficiently  remarkable  to  attract 
attention.    One  is  tempted  to  believe  that  such 


Pulse  in  tubercular  meningitis  (child  xt.  Z\  years).   To  show  the  striking  variations 
in  the  amplitude  of  the  pulse-curves. 


With  regard  to  the  pulse  in  simple  basic 
meningitis  there  appears  to  be  nothing  specially 
characteristic.  It  is  commonly  fast  from  the 
onset  of  the  disease,  which  is  generally  sudden. 

Many  of  the  children  attacked  are 
under  two  years  of  age,  but  even  in 
older  children  the  writer  has  never 
obtained  tracings  which  presented 
any  similarity  to  those  of  well- 
marked  tubercular  meningitis.  It 
is  often  of  fairly  high  pressure,  and 
the  form  of  the  curve  may  not  always 
alter  under  slight  pyrexia  (Fig.  120); 
but  there  is  never  the  same  remark- 
able contraction  of  the  artery,  and  the  pulse  is  at 
no  time  either  so  slow  or  so  markedly  irregular  as 
in  the  tubercular  variety.  The  form  of  respira- 
tory curve  obtained  in  some  cases  of  simple  basic 


Fig.  lis.— Very  rapid  pulse  at  the  final  stage  of  tubercular  meningitis  (child  a;t.  If.,  years). 


meningitis  has  already  been  referred  to  as  a  point 
to  be  considered  in  differential  diagnosis. 

The  Pulse  in  Pneumonia 
I.  The  Pulse  in  Croupous  Pneumonia. — 
The  pulse  in  croupous  pneumonia  in  early  life 
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shows  some  characters  which  are  not  usually 
observed  in  children.  Attention  has  already 
been  drawn  to  the  interesting  fact  that  high 


case  in  young  adults.  The  writer  has  made 
numerous  observations  on  the  state  of  the  arterial 
blood-pressure  in  the  pneumonias  of  children  by 

means  of  the  large 
Hill-Barnard  sphyg- 
mometer ;  sometimes 
it  is  fairly  high  at  the 
very  commencement 
of  the  disease  in 
children  about  five 
years  of  age  and  over, 
but  only  for  a  com- 
paratively short  period  (Fig.  123) ;  it  soon  falls, 
and  tends  to  remain  low. 

The  Relation  of  the  Blood-Press^ire  to  the  Post- 


FlG.  119.— Very  rapid  pulse  (160  per  minute)  showing  respiratory  variations  from  a  child  aged  2\  years 
with  tubercular  meningitis.   Temp.  100°,  resp.  48.  (Upper  tracing  is  of  respiration.) 


temperatures  in  infants  under  one  year  of  age 
do  not  render  the  pulse  dicrotic.  Therefore 
sphygmograms  which  are  taken  from  babies 
suffering  from  acute  croupous  pneu- 
monia indicate  relatively  high  pressure, 
and  one  must  not  infer  from  this  that 
the  general  state  of  the  heart  is  satis- 
factory, and  that  the  child  is  doing 
well  (Fig.  121). 

In  children  over  one  year  of  age,  and 
under  three  years,  tracings  are  some- 
times obtaiaed  which  indicate  high  pressure,  and 
sometimes  the  pulse-curves  are  of  the  anacrotic 
type.    But  as  a  rule,  in  young  children,  sphyg- 


Fio.  122. — Typical  pulse  of  croupous  pneumonia  at  the  height  of  the  disease 
(child  ajt.  3i  years). 


mortem  Appearances  of  the  Lungs. — In  croupous 
pneumonia  of  the  so-called  sthenic  type,  in 
healthy  young  adults,  it  is  not  unlikely  that 
the  greatly  increased  arterial  blood  pres- 
sure at  the  invasion  of  the  disease  leads 
to  an  exudation  of  fibrin  and  corpuscles 
into  the  air  vesicles  of  the  lung.  Pro- 
fessor Hamilton,  from  his  large  experi- 
ence of  post-mortem  examinations,  states 
that  the  lungs  of  young  children  who 
die  from  so-called  acute  croupous  pneu- 
monia do  not  present  the  same  features 
in  this  respect  as  the  lungs  of  adults 
who  die  of  the  same  disease.  Ten  years  ago  he 
remarked  to  the  writer  that  the  relatively  low 
blood-pressure  in  children  during  pneumonic 


Fig.  120.— Pulse  in  simple  basic  meningitis  (child  set.  3^  years).  Shows 
fairly  high  pressure  curves  under  slight  pyrexia  (temp.  100°),  but  is 
rapid  and  fairly  regular.    No  contraction  of  radial  artery. 

mograms  taken  at  the  onset  of  croupous  pneu- 
monia only  show  high-pressure  characters  over 
a  comparatively  short  period.    In  a  day  or  two, 
or  sooner,  the  sys- 
tolic wave  appears 
as  a  single  sum- 
mit, and  the  di- 
crotic  notch  is 
well  marked. 
In  moderately 

severe     cases     of     Fio.  123. — simultaneous  tracings  of  pulse  and  lespiration  in  a  typical  case  of  acute  croupous  pneumonia 
at  the  commencement.   Shows  good  arterial  pressure.   (Child  a;t.  8  years.    Temp.  102°,  pulse  120, 

croupous  pneu-        resp.  eo.) 


monia   in  j^oung 

children  the  type  of  pulse-curve  at  the  height  of 
the  disease  is  of  the  character  shown  in  Fig.  122. 
The  State  of  the  A^-terial  Blood-Pressure. — The 


Fig.  121. — Pulse  in  croupous  pneumonia  ;  child  11  months  old 
(relatively  high  pressure). 

onset  of  acute  croupous  pneumonia  in  children 
does  not  seem  to  be  characterised  by  a  full, 
bounding,  high-pressure  pulse,  as  is  often  the 


attacks  might  partly  explain  wliy  there  was  no 
throwing  out  of  fibrin  into  the  vesicles  of  the 
lungs.  Observations  on  the  pulse-  and  blood- 
pressure  in  acute  croupous  pneumonia  in 
children  tend  to  confirm  this  opinion. 

The  Special  Tendency  to  a  Fall  of  Blood- 
Pressure  in  the  Pneumonias  of  Children. 
— One  of  the  most  striking  points  about 
pneumonia  of  all  kinds  in  children  is  the 
remarkable  tendency  for  the  blood  pres- 
sure to  fall,  and  in  broncho-pneumonia  this 
is  the  main  thing  to  guard  against-    To  antici- 
pate the,  sometimes  fatal,  fall  of  blood  pressure 
is  the  chief  object  of  our  treatment. 
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Prognosis  in  Croupous  Pneumonia.  — In  croup- 
ous pneumonia  the  main  thing  to  note  with 
regard  to  prognosis  is  that  in  favourable  cases 
the  pulse  pressure  increases  very  shortly  after 
the  crisis  occurs.    The  pulse  then  slows,  and 


Fig.  124.- 


-Pulse  in  croupous  pneumonia  shortly  after  the  crisis  in  a  favourable  case 
the  same  patient  whose  pulse  is  shown  in  Fig.  122.) 


the  youthful  type  of  irregularity  appears  (Fig. 
124).  This  slow,  irregular  pulse  may  continue 
for  many  weeks  during  convalescence. 

In  unfavourable  cases  the  pulse-tracing  indi- 
cates a  falling  pressure  and  becomes  very  rapid. 
The  pulse-waves  are  of  un- 
equal size,  and  the  dicrotic 
wave  may  disappear  before 
death  (Fig.  125). 

The  significance  of  pulse 
irregularity  in  relation  to  the 
prognosis  of  croupous  pneu- 
monia is  an  interesting 
matter.  An  elderly  patient 
may  habitually  exhibit  an 
irregular  pulse ;  he  takes  pneumonia  and  be- 
comes feverish.  Under  such  conditions,  accord- 
ing to  Mackenzie,  his  pulse  should  become  more 
regular ;  if  it  does  not  tend  to  do  so  the  prog- 
nosis is  bad.    Another  of  Mackenzie's  observa- 


the  youngest  patient  who  showed  such  a  pulse 
was  a  child  two  years  old,  and  it  was  at  the 
onset  of  an  attack  of  apical  lobar  pneumonia 
(Fig.  127).  The  temperature  was  102°,  and 
the  pulse  130  per  minute,  but  the  child  was 
not  much  distressed.  In  a 
few  days,  after  a  good  crisis, 
convalescence  set  in,  and 
the  pulse  became  slow  and 
regular.  The  cause  of  the 
joeculiar  heart-rhythm  was 
inexplicable,  but  it  did  not 
bear  the  same  evil  signi- 
ficance as  in  Dr.  Mackenzie's  cases. 

II.  The  Pulse  in  Broncho-pneumonia. — Some- 
times in  infants  under  one  year  of  age,  suffering 
from  this  disease,  a  dicrotic  pulse  may  be  found 
when  the  temperature  is  high.    Dicrotism  in 


(From 


Fig.  126. — Pulse  of  had  prorjnosis  in  croupous  pneumonia  in  the  adult,  before  the  crisis. 
This  type  of  pulse,  the  occurrence  of  irregularity  in  the  early  stage  of  the  disease, 
is  generally  of  fatal  significance. 


the  febrile  pulse  of  young  babies  is  most 
unusual,  and  the  fact  that  it  is  found  in 
broncho-pneumonia  supports  the  belief  that 
the  blood  pressure  tends  to  fall  unusually  low 
in  this  disease.  Observations  with  the  sphyg- 
mometer seem  to  show 
that  the  temporary  initial 
rise  of  pressure  some- 
times noticed  in  cases  of 
croupous  pneumonia  does 
not  occur  in  broncho- 
pneumonia. The  pulse- 
curve  in  this  disease — 
except  in  infants  under  a  year  of  age,  for  the 
reasons  already  mentioned  (see  p.  405) — invari- 
ably indicates  low  pressure. 

The  Type  of  Pulse-curve  iii  the  Early  Stages  of 
Broncho-pneumonia. — The  kind  of  sphygmogram 


Fig.  125. — Pulse  in  croupous  pneumonia  in  an  unfavourable  case.   (Child  set.  2J  years 
With  temp.       ,  pulse  160,  resp.  84.) 


tions  is  of  great  practical  importance.  He 
states  that  in  young  adults  suffering  from  lobar 
pneumonia  with  a  temperature  of  103°  or  over, 
the  occurrence  of  pulse  irregularity  before  the 
crisis  is  an  invariably  fatal  sign.  In  these  cases 
the  pulse  is  a  very 
rapid  one,  and  the 
irregularity  is  either 
of  the  so-called  "  false 
ventricular"  or  "  false 
auricular"  type  (Fig. 
126).  The  "prema- 
ture systole"  may 
only  occur  at  long 
intervals.  In  adults 
Mackenzie    has  also 

noted  the  fatal  significance  of  a  pulse  which, 
shortly  after  the  initial  rigor,  exhibits  an  absence 
of  the  dicrotic  wave. 

A  pulse  which  shows  the  "  premature  systole  " 
type  of  irregularity  is,  as  already  stated,  exces- 
sively rare  in  children,  yet,  curiously  enough, 


Fig.  127. — The  same  type  of  pulse  as  shown  in  Fig.  126,  but  occurring  in  a  child  a;t.  2  years 
with  a  mild  apical  pneumonia  ;  had  no  evil  significance. 


obtained  in  the  early  stages  is  more  markedly  di- 
crotic than  in  the  croupous  variety  (Fig.  128).  In 
cases  which  are  going  on  to  a  favourable  termin- 
ation the  pulse  pressure  shows  indications  of  in- 
creasing, the  pulse  slows,  and  a  prolongation  of 
the  diastolic  periods  of  some  of  the  curves  is  noted. 
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But  in  those  cases  which  progress  steadily 
to  a  fatal  issue  there  is  a  type  of  pulse-tracing 
to  be  obtained  which  is  highly  characteristic. 
The  pulse  is  exceedingly  rapid,  irom  140  to  160, 
and  the  respirations  are  about  70  or  80  per 


the  dicrotic  wave 
indication  that  the 
to  a  dangerously 


Fig.  128. — Typical  pulse  of  broncho-pneiimoiiia  in  the  early  stages  of  the  disease  (child  set.  7  years). 
Indicates  lower  bloud-pressure  than  that  of  tiie  croupous  variety. 


minute.  The  pulse-waves  are  of  various  shapes, 
and  show  varying  degrees  of  pressure,  but  the 
most  important  feature  is  the  more  or  less 
complete  disappearance  of 
(Fig.  129).  This  is  a  sure 
blood  pressure  has  fallen 
low  point. 

Fatal  indications  are  afforded  by  this  type  of 
sphygmogram,  especially  if  it  be  obtained  in 
the  early  stages  of  the  disease,  and  if  it  persists 
for  several  days.     On  several  occasions  this 
pulse  feature  has  been  observed  in  the  broncho- 
pneumonic  attacks  of  children  at  the  height 
of  the  disease,  but  it  was  then  quite  a  transient 
condition.     Sometimes,  however,  this  kind  of 
pulse  is  found  at  a  time  when  the  child  is 
apparently  not  very  ill,  and  it  persists  day 
after   day.      The    writer   has   never  known 


broncho-pneumonia  a  pulse-tracing  showing 
these  characters  is  often  seen.  Very  similar 
tracings  are  obtained  in  cases  of  late  mitral 
stenosis  (Fig.  131),  and  also  in  children  dying 
from  auto-intoxication  from  the  intestinal  canal. 

There  is  a  persist- 
ent tendency  to  failure 
of  the  blood-pressure 
in  severe  attacks  of 
pneumonia  in  child- 
ren. In  the  catarrhal 
variety  this  is  especi- 
ally the  case,  and  if 
the  fall  is  not  arrested 
very  grave  symptoms 
result.  In  these  cases 
the  great  loweinng  of  the  blood  pressure  seems 
to  be  primarily  due  to  an  intense  relaxation 
of  the  blood-vessels  all  over  the  body.  The 
general  vaso-motor  tone  seems  to  be  entirely 
lost.    This  may  possibly  be  due  to  a  special 


l''IG.  129.- 


-Pulse  in  broncho-pneumonia  of  fatal  signiftcauce  if  it 
persists  for  several  days  (child  IJ  years  old). 


recovery  to  take  place  under  such  circumstances. 
On  one  occasion  the  fatal  event  was  predicted 
a  fortnight  before  its  occurrence,  at  a  time 
when  the  child  seemed  to  be  in  a  fairly  satis- 
factory condition,  to  judge  from  other  symptoms. 
Therefore  these  sphygmographic  appearances 
of  the  pulse  in  broncho-pneumonia  are  of  great 
significance  in  prognosis,  and  this  particular 
form  of  pulse-tracing  may  fairly  be  regarded 
as  a  type  which  experience  has  proved  to  be  of 
decidedly  bad  omen. 

One  other  point  about  this  pulse  is  that  the 
systolic  wave  may  be  either  pointed  or  rounded, 
and  the  sharper  the  apex  of  the  tracing  the  better 
the  prognosis.  The  worst  possible  type  of  curve 
is  that  in  which  there  is  a  blunt-pointed  apex 
and  a  wave  of  very  small  amplitude.  The  pulse- 
curves  are  also  of  unequal  size  (Fig.  130). 
These  are  indications  that  the  heart-muscle  is 
failing,  and  probably  that  dilatation  of  the 
organ  is  commencing.    Shortly  before  death  in 


Fig.  130. — The  worst  type  of  pulse  in  pneumonia ;  pulse-curves 
of  unequal  size  with  blunt  apices  (child  ret.  9  years). 


toxin.    The  condition  of  the  circulation  seems 
to  be  somewhat  similar  to  that  found  in  a  well- 
marked  case  of  exophthalmic  goitre,  or  the  same 
state  might  be  produced  by  great  overdosing 
with  thyroidin.    In  cases  of   severe  broncho- 
pneumonia in  children  the  myocardium  may 
suffer,  partly  from  insufficient  nutrition,  owing 
to  inadequate  blood-supply  through  the  cor- 
onary arteries,  consequent  upon  the  lowered 
blood  pressure ;  and  if  we  could  counteract 
this  extreme  relaxation  of  the  blood-vessels 
we  should  be  fulfilling  one  of  the  first  indica- 
tions of  rational  treatment. 
In  this  connection  suprarenal  extract  may 
possibly  be  worthy  of  a  trial,  and  a  sterilised 
decoction  of  the  medulla  of  the  gland  might  be 
injected  into  a  superficial  vein  by  means  of  a 
hypodermic  syringe.     Or  adrenalin  might  be 


Fig.  131.- 


-Same  type  of  pulse  as  that  of  fatal  pneumonia, 
from  a  case  of  late  mitral  stenosis. 


used.  These  cases  are  so  fatal  in  young  children, 
and  chiefly  so  from  cardiac  failure,  that  one 
would  gladly  welcome  any  new  measure  which 
could  be  adopted  with  a  fair  prospect  of  success. 

Venous  and  Liver  Pulsations 
Until  within  recent  years  our  knowledge  of 
these  forms  of  pulsation  has  been  of  the  most 
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meagre  and  unsatisfactory  description ;  even 
the  main  features  of  the  ordinary  jugular  pulsa- 
tion had  been  misinterpreted  both  by  clinicians 
and  experimental  workers.  In  1896  Mackenzie 
published  his  luminous  papers  on  "  The  Venous 
and  Liver  Pulses,"  wherein  is  to  be  found  a  full 
and  lucid  description  of  the  whole  subject. 
His  researches  stand  alone,  not  only  in  the 
numerous  new  facts  recorded,  but  also  in  the 
interpretation  of  them.  In  this  article  the 
writer  is  indebted  to  Dr.  Mackenzie  for  permis- 
sion to  give  a  short  summary  of  some  of  the 
main  facts  of  interest  in  the  study  of  the  venous 
and  liver  pulses.  For  fuller  information  Dr. 
Mackenzie's  recently  published  work  must  be 
consulted. 

The  right  heart  frequently  dilates,  and  thus 
permits  blood  to  regurgitate  back  into  the 
auricle  during  the  systole  of  the  ventricle.  The 
tricuspid  valves  are  readily  rendered  incompetent, 
and  the  older  physicians  used  to  speak  of  them 
as  "  safety  valves,"  because  over-distension  of 
the  right  ventricle  was  in  this  way  naturally 
relieved.  But  incompetence  of  the  tricuspid 
valves  is  not  always  associated  with 
a  pulse  in  the  jugular  veins,  and 
the  explanation  of  this  fact  is  im- 
portant, because  herein  is  found 
the  clue  to  the  true  interpretation 
of  the  various  forms  of  venous  pul- 
sation. The  explanation  is  that 
the  dilating  auricle  is  interposed 
hetxveen  the  ventricle  and  the  veins. 

From  a  study  of  the  venous  pulse 
we  obtain  information  regarding 
the  condition  of  two  chambers  of 
the  heart,  the  right  auricle  and  ventricle  ;  the 
arterial  pulse  only  indicates  what  the  heart 
is  doing  during  the  time  of  the  ventricular 
contraction.  In  cases  of  pulse  irregularity  the 
venous  pulse  reveals  what  is  occurring  in 
the  various  chambers  of  the  heart  during  its 
irregular  action,  and  forms  the  only  accurate 
means  of  diagnosing  the  kind  of  arrhythmia 
present.  Pulsation  in  the  jugular  vein  is  found 
in  various  forms  of  functional  heart  failure,  in 
chlorosis,  pregnancy,  pernicious  anaimia,  etc. ; 
but  in  such  cases,  however  great  the  heart 
failure  may  be,  there  is  never  pulsation  of  the 
liver.  The  liver  pulse  occurs  only  when  there 
is  dilatation  of  the  right  heart  secondary  to 
mitral  disease,  and  then  the  disease  is  always 
far  advanced. 

In  the  jugular  vein  near  its  junction  with  the 
subclavian  there  are  two  valves  which  in  normal 
conditions  prevent  regurgitation  of  blood  into 
the  neck.  During  auricular  systole  the  circular 
muscular  fibres  of  the  venae  cavse,  where  they 
join  the  auricle,  contract  with  sufficient  power 
to  act  in  the  place  of  valves,  and  thus  prevent 
regurgitation  of  blood  into  the  veins.  Disten- 
sion of  the  right  heart  impairs  the  functions  of 
these  circular  fibres,  and  a  wave  of  blood  is  thus 


sent  backwards  with  each  auricular  systole. 
The  jugular  valves  are  still  between  the  con- 
tracting auricle  and  the  vein  in  the  neck,  but 
they  ai'e  readily  rendered  incompetent  in  some 
patients.  When  this  happens  a  wave  of  blood 
is  sent  up  the  vein  into  the  neck,  due  to  and 
synchronous  with  the  auricular  systole. 

Tlie  vein,  after  being  filled,  collapses  as  the 
auricle  passes  into  diastole,  and  this  collapse  is 
the  movement  usually  observed  when  the  neck 
is  inspected  ;  it  is  found  to  correspond  to  the 
systolic  portion  of  the  arterial  pulse. 

If  a  graphic  record  be  taken  from  the  vein 
by  means  of  the  clinical  polygraph,  the  move- 
ments can  be  accurately  timed  with  the  apex- 
beat,  carotid,  or  radial  pulse,  and  the  causes  of 
the  various  events  can  usually  be  easily  recog- 
nised. Thus  a  wave  preceding  the  carotid  pulse 
can  only  be  produced  by  the  systole  of  the  auricle. 
In  like  manner,  when  a  wave  occurs  in  the 
veins  synchronous  with  the  carotid  pulse,  it  can 
be  referred  with  certainty  to  the  systole  of  the 
right  ventricle.  When  the  tracing  shows  a 
wave  due  to  the  auricular  systole  it  frequently 
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Fig.  132.— Tracing  of  an  auricle  liver  pulse  talcen  at  the  same  time  as  the  carotid 
pulse  to  show  the  large  wave  (()),  which  is  due  to  the  auricular  systole. 
(Mackenzie.) 


happens  that  there  is  also  a  wave  due  to  the 
systole  of  the  ventricle.  The  time  of  occur- 
rence of  the  ventricular  wave  is  delayed  for  a 
longer  or  shorter  interval  after  the  carotid  pulse. 

The  venous  pulse  may  thus  be  divided  into 
two  forms,  viz.  the  auricular  venous  pulse  and 
the  ventricular  venous  pulse.  The  first  is  that 
form  which  presents  distinct  evidence  of  the 
functional  activity  of  the  right  auricle.  In  this 
form  there  is  also  a  wave  due  to  the  ventricle, 
and  as  it  increases  the  auricular  wave  decreases 
and  finally  disappears,  and  thus  the  form  called 
the  ventricular  venous  pulse  is  developed.  The 
ventricular  venous  pulse  is  but  a  more  advanced 
stage  than  the  auricular ;  and  as  during  its 
development  there  is  a  gradual  fading  of  the 
auricular  wave,  there  is  a  period  when  such 
terms  do  not  sufficiently  denote  the  character 
of  the  pulse.  But  the  terms  are  convenient  for 
descriptive  purposes.  Similar  types  of  pulses 
may  be  recognised  in  the  liver. 

In  Fig.  132  simultaneous  tracings  are  given 
of  the  liver  pulse  and  the  carotid.  The  liver 
pulse  is  given  in  place  of  the  jugular,  as  there 
are  other  movements  communicated  by  the 
carotid,  owing  to  its  proximity  to  the  vein, 
when  taking  a  tracing  of  the  jugular  pulse. 
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When  there  is  a  liver  pulse  it  is  always  identical 
with  the  jugular  pulse,  the  blood  being  sent 
from  the  auricle  through  the  inferior  vena  cava. 
In  this  tracing  it  will  be  seen  that  there  is  a 
large  wave       which  immediately  precedes  the 
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Fig.  133. — Simultaneous  tracings  of  the  venous  and  liver  pulses, 
showing  the  wave  (c)  in  the  jugular  pulse  which  is  really  due  to 
the  carotid  impulse.  (Mackenzie.) 


carotid  pulse.  At  the  same  time  that  the 
carotid  pulse  appears,  the  wave  (fj)  is  falling, 
and  the  carotid  pulse  therefore  corresponds  with 
the  collapse  of  the  vein  or  liver.  The  wave 
(b)  can  only  be  due  to  the  auricular  systole. 

In  Fig.  133  there  is  a  simul- 
taneous tracing  of  the  liver  and 
jugular  pulses.  In  the  jugular 
pulse  there  is  a  small  wave  (c), 
which  interrupts  the  fall  of  the 
auricular  wave  (b).  This  small 
wave  (c)  is  really  due  to  the 
carotid.  When  the  carotid  is 
very  small  and  the  jugular  pulse 
very  large,  the  tracing  may  not 
show  this  carotid  wave.  In  Fig. 
134  the  carotid  pulse  is  taken 
at  the  same  time  as  the  jugular, 
and  the  wave  (c)  is  found  to  cor- 
respond exactly  with  the  time  of  the  carotid 
pulse.  The  wave  (c)  has,  of  course,  nothing 
to  do  with  the  venous  pulsation  ;  it  is  simply 
due  to  the  movement  of  the  carotid  artery  in 
the  neck  (see  p.  398). 

Immediately  following  the  auricular  wave  (b) 
there  is  a  great  collapse  of  the  vein — (j.')  in 
the  tracings.  This  is  due  to  the  sudden  empty- 
ing of  the  vein  into  the  auricle  during  the  aur- 
icular diastole,  and  it  is  synchronous  with  the 
arterial  pulse.  This  fall  is  interrupted  by  a 
second  wave  (a),  which  is  called  the  ventricular 
wave.  Mackenzie  has  clearly  demonstrated  the 
true  cause  of  this  wave,  and  it  is  due  to  the 
ventricular  systole.  It  appears  a  little  later 
than  the  carotid  pulse,  because  the  first  part  of 
the  wave  is  absorbed  by  the  dilating  auricle. 
This  is  the  important  factor  in  the  interpretation 
of  the  venous  pulse ;  it  is  not  till  the  auricle 
has  filled  that  this  wave  appears. 

When  this  explanation  is  fully  appreciated  it 
is  easy  to  understand  how  a  venous  pulse  of  the 
auricular  type  becomes  converted  into  the  ven- 
tricular form — how  the  ventricular  wave  enlarges 


when  the  auricular  diminishes.  The  powerful 
right  ventricle  pumps  blood  into  the  thin, 
weak-walled  auricle  until  the  latter  becomes 
enormously  distended.  Matters  proceed  until 
complete  paralysis  of  the  auricle  occurs,  and, 
according  to  Mackenzie,  this  is  by  no  means 
a  rare  event,  though  it  is  not  properly 
realised  by  observers.  Before  this  stage  is 
reached  the  auricle  is  still  capable  of  con- 
tracting, and  Fig.  135  represents  a  tracing 
where  the  liver  pulse  is  taken  at  the  same 
time  as  the  radial  pulse.  The  auricular 
waves  (b)  and  the  ventricular  waves  (a) 
are  now  about  equal.  A  subsequent  trac- 
ing from  the  same  patient  (Fig.  136)  shows 
only  one  wave,  and  that  wave  is  entirely 
ventricular  systolic  in  time.  There  is  abso- 
lutely no  sign  of  auriciilar  contraction. 
Dr.  Mackenzie  made  a  post-mortem  ex- 
amination on  this  case  a  month  later,  and 
found  that  the  auricle  resembled  a  thin-walled 
sac  with  a  few  strands  of  muscular  fibres 
scattered  over  it.  Patients  who  exhibit  a 
venous  pulse  of  this  kind,  a  pulse  demonstrat- 
ing that  the  auricle  has  ceased  to  contract, 
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Fig.  134. — Simultaneous  tracings  of  tlie  carotid  and  jugular  pulses,  showing  that 
the  wave  (c)  corresponds  exactly  with  the  time  of  the  carotid  pulse. 
(Mackenzie.) 


may  apparently  live  for  many  years.  The 
auricle  is  then  merely  a  reservoir  for  the  blood 
during  the  ventricular  systole. 

A  venous  pulse  of  the  auricular  type  may 
not  signify  much  cardiac  failure ;  but  if  the 
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Fig.  135. — Simultaneous  tracings  of  the  liver  and  radial  pulses. 
The  liver  pulse  shows  auricular  (b)  and  ventricular  (a)  waves 
of  equal  size.  (Mackenzie.) 

liver  pulse  is  also  present,  then  it  is  a  sure 
indication  of  advanced  heart  mischief.  The 
auricular  venous  pulse  may  be  temporarily 
present  when  there  is  little  deviation  from  the 
normal  standard  of  health. 

Venous  Pulsation  in  Children. — Pulsation  of 
the  jugular  veins  is  not  a  very  uncommon 
phenomenon  in  children.    In  conditions  of  de- 
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bility,  and  when  there  are  symptoms  of  cardiac 
failure,  it  is  not  unusual  to  find  flickering  move- 
ments in  the  external  jugular  veins.  Tracings 
from  these  movements  cannot  easily  be  obtained, 
but  when  there  is  pulsation  of  the  internal 
jugular  veins  the  wave  is  of  sufficient  magnitude 
to  be  graphically  recorded.  The  auricular  type 
of  venous  pulse  occurs  in  children  more  fre- 
quently than  is  generally  supposed,  and  it  may 
exist  whenever  the  right  heart  has  become 
dilated  from  any  cause.    It  is  also  sometimes  a 


Pulveres.- 

SCRIBING. 


-Powders  {q.v.).    See  also  Pre- 


FlQ.  136. — Simultaneous  tracings  of  the  liver  and  radial  pulses. 
The  liver  pulse  shows  only  one  wave,  the  ventricular  (a). 
The  auricle  is  paralysed.  (Mackenzie.) 

symptom  of  tricuspid  regurgitation,  and  the 
writer  recently  obtained  excellent  tracings  from 
the  jugular  vein  of  a  child  of  eleven  years 
suffering  from  mitral  disease,  and  where  a  dis- 
tinct systolic  murmur  was  present  over  the 
tricuspid  area.  The  ventricular  type  of  venous 
pulse  also  occurs  in  children.  In  three  cases  of 
grave  cardiac  disease  tracings  were  obtained 
simultaneously  with  the  radial  pulse.  All  the 
patients  were  boys  who  suffered  from  very 
advanced  mitral  disease,  accompanied  with  ex- 
treme hypertrophy  and  dilatation  of  the  heart. 
The  venous  tracing  in  Fig.  137  is  of  the  ventric- 
ular type,  but  a  pulsation  of  this  nature  must 
be  seldom  obtained  at  such  an  early  age.  The 
patient  was  under  the  care  of  Dr.  John  Thomson, 


Fig.  137.— Venous  pulse  of  the  ventricular  type  in  a  boy  set.  9  years,  suffering  from  advanced 
mitrai  disease  with  great  dilatation  and  hypertrophy  of  the  heart. 

who  kindly  permitted  me  to  record  the  move- 
ment. After  some  weeks  of  treatment  the  boy 
was  in  a  greatly  improved  condition,  but  at  the 
time  when  the  tracing  was  obtained  his  right 
auricle  must  have  been  temporarily  paralysed. 

Pulses.    See  Diet  ( Vegetable  Food,  Cereals, 
Pulses). 

Pulsus. — The  pulse,  especially  in  such 
expressions  as  pulsus  celer  (quick  pulse),  pulsus 
higeminus  (paired  pulse),  pulsus  paradoxus, 
pulsus  plenus,  pulsus  tardus  (slow  pulse),  etc. 
See  Pulse. 

VOL.  VIII 


Pulvin£ir.  —  A  cushion-like  projection 
(Lat.  pulvinar,  a  couch)  on  the  posterior  part 
of  the  optic  thalamus  of  the  brain. 

Pump,  Breast.  See  Puerperium, 
Physiology;  Puerperium,  Pathology  {Affec- 
tions of  Breasts  and  Nipples). 

Pump,  Stomach.  See  Toxicology 
{General  Treatment  of  Poisoning). 

Punctum.  —  A  point  (plural,  puncta), 
e.g.  the  puncta  lacrimalia  (openings  into  the 
lachrymal  sac).  See  Lacrimal  Apparatus,  Dis- 
eases OF  {Anatomy). 

Puncture.  See  Curettage  {Dangers, 
Uterine  Puncture);  Ectopic  Gestation  {Treat- 
ment, Puncture  of  Foetal  Sac) :  Hydrocephalus 
{Treatment,  Surgical,  Puncture  of  Skull) ; 
Morphinomania  {Diagnosis,  Puncture -marks) ; 
Ovaries,  Diseases  of  {Ovarian  Cysts,  Treatment 
by  Puncture)  ;  Spina  Bifida  {Treatment). 

Puncture,   Lumbar.     See  Spine, 

Surgical  Affections  op  {Lumbar  Puncture). 
See  also  Hydrocephalus  {Surgical  Treatment, 
Lumbar  Puncture) ;  Meningitis,  Tuberculous 
AND  Posterior  Basic  {Diagnosis  and  Treat- 
ment, Lumbar  Puncture) ;  Meningitis,  Epidemic 
Cerebro-Spinal  {Diagnosis). 

Pupil,  The. 

Diagnostic  Importance  ....  434 
Nervous  Mechanism  .  .  .  .435 
Argyll- Robertson  Pupil  ....  437 
Pupil  in  Acute  Cerebral  Disturbance        .  437 

See  also  Abdominal  Aneurysm  {Symptoms,  In- 
equality of  Pupils) ;  Aorta,  Aneurysm  of  {Symp- 
toms, Pupils) ;  Brachial 
Plexus,  Surgical  Affec- 
tions of  {Tears  and  Con- 
tusions, Symptoms);  Brain, 
Physiology  of  {Third 
Nerve) ;  Brain,  Affections 
OF  Blood- Vessels  {Aucb- 
mia.  Symptoms) ;  Brain, 
Surgery  of  {Concussion, 
Symptoms) ;  Brain,  Sur- 
gery OF  {Leptomeningitis,  Symptoms) ;  Brain, 
Cerebellum,     Affections    of  {Haemorrhage, 
Symptomatology) ;  Bromism  {Symptoms,  Pupils) ; 
Cataract  {Diagnosis) ;  Cocaine  {Physiological 
Action)  ;  Eye,  Clinical  Examination  op  {An- 
terior  Chamber,   Iris,  and  Pupil);  General 
Paralysis  {Symptoms) ;  Glaucoma  {Causes  and 
Pathology)  ;  Iris  and  Ciliary  Bodies  ;  Medi- 
astinum {Tumours,    Symptoms) ;  Meningitis, 
Tuberculous  {Symptoms) ;  Neurasthenia  {Symp- 
toms, Pupils);   Physiology,  Neuro-Muscular 
Mechanism  {Anatomy  of  Eye,  etc.) ;  Retina  and 
Optic  Nerve  {Atrophy  of  Optic  Nerve,  Symp- 
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toms) ;  Sclerotic,  Diseases  of  [Sclerotitis, 
Pupil) ;  Spine,  Surgical  Affections  of  {In- 
juries, Localising  Syrnptoms) ;  Syringomyelia 
{Symptoms)  ;  Tabes  Dorsalis  {Symptoms,  Pupil 
Phenomena)  ;  Uraemia  {Symptoms)  ;  Vision, 
Field  of  {Hemianopia,  Hemiopic  Pupil). 

It  is  remarkable  how  frequently  help  of  the 
most  important  kind  in  solving  the  medical 
problems  that  are  from  time  to  time  presented 
to  us  is  afforded  by  a  systematic  and  habitual 
close  observation  of  the  eye.  Clues  are  indeed 
frequently  obtained  by  this  method,  which 
becomes  a  second  nature  to  one  who  has  had 
training  in  ophthalmic  practice,  of  instantly 
appreciating  the  general  condition  of  the  eye 
movements  as  the  patient  sits  before  him,  their 
relative  position,  lid  movements,  and  pupil 
appearances — clues  which  often  lead  directly  to 
a  correct  diagnosis  of  cases  of  nervous  disease 
which  might  otherwise  have  been  entirely  over- 
looked. Perhaps  the  most  obvious  disease  which, 
by  means  of  the  eye  symptoms  it  presents,  can 
be  diagnosed  frequently  the  moment  the  patient 
enters  the  room,  is  Graves'  disease,  in  which  the 
bulging  eyes,  widely  open  and  showing  white 
sclera  above  the  cornea,  with  dilated  pupils 
and  general  aspect  suggestive  of  intense  terror, 
form  a  pictui-e  familiar  to  every  student  of 
medicine.  Yet  in  cases  of  this  disease  in  which 
all  the  usual  ocular  symptoms  are  absent,  with 
the  goitrous  swelling  carefully  hidden  from 
view  by  frilling  or  a  high  collar  in  the  sex 
which  affords  the  large  majority  of  these 
patients,  how  frequently  the  tachycardia  and 
the  nervousness  that  is  only  too  apparent  are 
wrongly  ascribed  to  hysteria  or  excitement ! 

The  movements  of  the  piupil  are  governed  chiefly 
by  two  antagonistic  muscles — the  sphincter 
pupillse,  innervated  by  the  third  nerve  ;  and  the 
dilator  pupilhe,  which  receives  its  nerve-supply 
through  the  cervical  sympathetic.  In  addition 
to  these  influences,  the  size  of  the  pupil  will 
vary  with  the  amount  of  blood  in  the  vessels 
contained  in  the  iris,  and  small  oscillations  of 
the  pupil  occur  with  each  heart-beat.  Thus 
congestion  of  the  iris  in  iritis  causes  contraction 
of  the  pupil,  while  dilatation  of  the  pupil  is 
seen  in  chlorosis  and  other  anaemias.  In  these 
latter,  however,  the  dilatation  is  not  alone 
dependent  upon  the  condition  of  oligsemia, 
which  is  indeed  not  always  present,  but  partly 
upon  the  stimulating  effect  of  the  venosity  of 
the  blood  upon  the  pupil-dilating  centre  in  the 
floor  of  the  aqueduct.  This  effect  is  well  seen 
in  the  rhythmic  dilatation  and  contraction  of 
the  pupils  which  occur  in  Cheyne-Stokes  breath- 
ing, either  of  cardiac  or  cerebral  origin  ;  dilata- 
tion of  the  pupil  occurring  at  the  beginning  of 
the  period  of  dyspnoea  from  simultaneous  stimu- 
lation of  the  pupil- dilating  and  respiratory 
centres  by  the  venous  blood,  the  pupil  contract- 
ing again  towards  the  end  of  the  dyspna;ic  period. 


The  size  of  the  pupils  varies  with  structural 
defects  of  the  eyes,  with  the  age  and  complexion 
of  the  person.  In  hypermetropia  the  pupils  are 
said  to  be  generally  smaller  than  in  myopia, 
owing  to  the  constant  tonic  contraction  of  the 
ciliary  muscle  in  the  former,  with  the  action  of 
which  contraction  of  the  pupils  is  generally 
associated.  Convergence  is,  however,  more  in- 
timately associated  with  pupil  contraction  than 
is  accommodation,  but  the  centres  for  the  three 
actions  lie  close  together  in  the  anterior  portion 
of  the  third  nucleus,  and  isolated  paralysis  of 
these  three  movements  has  been  recorded. 
Habitual  contraction  may  lead  to  permanent 
narrowing  of  the  pupil,  as  is  seen  in  engravers 
and  etchers,  jewellers,  etc.  If  the  act  of  con- 
vergence be  produced  without  any  accompanying 
contraction  of  the  ciliary  muscle,  as  can  be  done 
by  placing  two  prisms,  base  outwards,  in  front 
of  the  eyes,  and  the  gaze  directed  to  a  distant 
object,  contraction  of  the  pupils  is  seen  to 
accompany  the  effort  of  convergence  which  is 
necessary  to  overcome  the  diplopia ;  whereas, 
conversely,  if  when  the  gaze  is  directed  at  a 
distant  object  two  concave  lenses  are  placed 
before  the  eyes,  although  accommodation  is 
necessary  to  focus  the  object,  yet  the  pupils  do 
not  contract. 

In  old  age  and  in  infancy  the  pupils  are 
usually  considerably  smaller  than  in  youth  ;  and 
in  light-complexioned  persons  with  blue  irides 
the  deficiency  of  pigment,  by  allowing  more 
light  to  pass  through  and  stimulate  the  retina, 
causes  the  pupil  to  be  generally  smaller  than 
in  people  of  darker  complexion.  Many  diseases 
of  the  eye  are  associated  with  alteration  of  the 
size  of  the  pupil  and  Avith  the  pupil-reflex  to 
light,  such  as  vitreous  opacities,  choroiditis, 
retinitis,  optic  neuritis,  and  atrophy,  the  pupil 
becoming  dilated  and  losing  its  contractility 
to  light  roughly  in  proportion  to  the  degree  of 
loss  of  vision.  In  many  persons,  however,  who 
have  no  perception  of  light  remaining  after 
retinal  disease  or  optic  atrophy,  the  pupil  may 
still  be  observed  to  contract  slightly  under  the 
stimulus  of  a  strong  light,  owing  to  the  fact 
that  there  are  special  fibres  contained  in  the 
optic  nerve,  much  smaller  than  the  visual  fibres, 
which  are  concerned  in  the  conduction  of  the 
impulses  for  the  light  reflex. 

In  acute  glaucoma  the  pupil  is  dilated,  often 
oval  vertically,  and  the  light  reflex  may  also 
be  lost  from  the  excessive  intraocular  pressure 
rendering  the  iris  anaemic,  and  paralysing  the 
nerve-endings  in  the  sphincter  pupillse.  Many 
toxic  influences  affect  the  pupil.  In  the  algid 
stage  of  cholera  the  pupils  may  be  widely 
dilated,  whereas  in  typhus  the  pupils  are 
generally  very  small.  Numerous  drugs  also 
have  power  over  the  pupil  either  by  direct 
action  on  the  nerve-endings  in  the  iris,  or  by 
affecting  the  pupil-contracting  or  pupil-dilating 
centres  in  the  pons.    Cocaine  applied  to  the 


eye  stimulates  the  endings  of  the  sympathetic, 
and  also  contracts  the  vessels,  thus  producing 
dilatation  of  the  pupil.  Atropine  also  stimu- 
lates the  dilator  pupillse,  but  also  paralyses  the 
endings  of  the  third  nerve  in  the  sphincter 
pupillse,  causing  the  most  extreme  form  of 
mydriasis.  Eserine  and  pilocarpine,  on  the 
other  hand,  produce  myosis  by  stimulation  of 
the  endings  of  the  third  nerve.  In  post- 
diphtheritic and  alcoholic  neuritis  the  pupils 
may  be  somewhat  sluggish  to  light. 

Opium,  again,  causes  contraction  of  the 
pupil  in  most  stages  of  its  action,  and  chronic 
opium-takers  may  sometimes  be  detected  by 
means  of  their  pin-point  pupils.  Chloroform 
anaesthesia  also  causes  contraction  of  the  pupils 
in  proportion  to  the  degree  of  antesthesia  up 
to  a  certain  point,  beyond  which  rapid  dilata- 
tion occurs  from  paralysis  of  the  pupil-contract- 
ing centre.  Deep  sleep  similarly  produces 
contracted  pupils  by  means  of  cessation  of 
tonic  action  of  the  pupil  -  dilating  centre. 
Psychical  states  in  general  react  on  the  pupil 
through  its  centres  in  the  pons,  and  the  pupil 
may  be  seen  to  vary  rapidly  in  size  in  different 
stages  of  emotion,  anger  contracting  the  pupil, 
and  love  causing  dilatation,  according  to  Sir 
Samuel  Wilks.  In  proof  of  the  effect  of  anger 
in  contracting  the  pupil  he  quotes  the  contrac- 
tion of  the  pupils  that  occurs  in  a  parrot  which 
has  been  annoyed.  This  case  is,  however,  not 
comparable  to  that  of  man,  for  the  parrot  has 
voluntary  power  over  the  contraction  and 
dilatation  of  the  iris,  and  atropine  has  no  effect 
in  dilating  its  pupil.  In  hysteria  and  neur- 
asthenia the  pupils  may  be  slightly  unequal, 
though  some  inequality  is  often  physiological, 
and  in  hysteroid  states  oscillations  of  the  pupil, 
known  as  hippus,  may  be  met  with.  This 
condition  may  also  be  met  with  in  epileptics. 
A  certain  amount  of  rhythmic  oscillation  of 
the  pupil  is  normal  after  exposure  to  light, 
strong  contraction  at  first  being  succeeded  by 
slight  dilatation,  the  size  of  the  pupil  oscillating 
until  it  comes  finally  to  rest  in  the  contracted 
state.  This  is  produced  by  the  initial  contrac- 
tion shutting  out  a  large  proportion  of  the 
light  entering  the  eye,  and  thus  diminishing 
the  stimulus;  hence  the  succeeding  dilatation, 
which  again  lets  in  more  light,  which  again 
causes  contraction.  Occasionally  a  condition 
known  as  the  paradoxical  pupil  reaction  is 
seen,  in  which,  under  the  stimulus  of  a  strong 
light,  though  the  pupil  at  first  contracts,  the 
succeeding  oscillations  are  followed  by  consider- 
able dilatation,  which  persists  in  spite  of  the 
continuance  of  the  stimulus  of  the  light  falling 
on  the  retina.  This  paradoxical  pupil  reaction 
may  be  met  with  in  the  early  stages  of  general 
paralysis  of  the  insane,  and,  if  well  marked, 
will  be  therefore  of  bad  prognosis. 

In  the  elucidation  of  nervous  diseases  the 
condition  of  the  pupil  is  often  of  the  utmost 


I,  THE  435 


importance,  and  it  is  therefore  necessary  to 
have  a  knowledge  of  the  minute  anatomy  of 
the  pupil  -  reflex  arcs  for  contraction  and 
dilatation,  as  well  as  of  these  centres.  The 
light  reflex,  starting  from  the  retina,  passes  up 
special  fine  fibi'es  in  the  optic  nerve,  which 
undergo  a  semi-decussation  at  the  chiasma  like 
the  visual  fibres,  passes  up  the  optic  tract  of 
each  side,  and  leaves  the  tract  just  anterior  to 
the  external  geniculate  body,  passing  by  the 
anterior  brachium  to  the  grey  matter  of  the 
anterior  corpus  quadrigeminum,  where  the  fibres 
must  make  connection  with  nerve-cells,  since 
ascending  degeneration  resulting  from  lesion  of 
the  optic  tract  cannot  be  traced  farther  than 
the  grey  matter  on  the  surface  of  the  corpus 
quadrigeminum.  From  this  point  to  the  third 
nerve-nucleus  lying  beneath  the  floor  of  the 
anterior  end  of  the  aqueduct  its  course  is  not 
certainly  known,  but  in  all  probability  it  passes 
by  means  of  Meynert's  fountain  decussation  to 
the  third  nuclei  of  the  same  and  of  the  opposite 
sides.  The  anterior  end  of  the  nucleus  is 
specialised  as  the  sphincter  pupillte  centre,  and 
it  is  generally  supposed  that  the  centres  of  the 
two  sides  are  united  by  commissural  fibres. 
From  the  nucleus  the  efferent  part  of  the  reflex 
arc  is  the  third  nerve,  ciliary  ganglion,  and  short 
ciliary  nerves  to  the  iris.  Lesions  of  any  portion 
of  this  reflex  arc  will  have  the  effect  of  abolish- 
ing the  pupil  reflex,  whether  the  endings  of  the 
third  nerves  are  paralysed  by  atropine  or  in 
disease  of  the  optic  nerve.  Owing,  however,  to 
the  semi-decussation  of  the  fibres  at  the  optic 
chiasma,  and  perhaps  also  to  the  commissural 
union  of  the  centres  in  the  third  nucleus,  there 
is  a  consensual  reaction  of  both  pupils  when 
only  one  is  exposed  to  light.  By  means  of  test- 
ing both  the  direct  and  consensual  reflex  to  light 
in  each  pupil  separately,  much  information  may 
be  gained  both  as  to  the  site  of  a  lesion  causing 
blindness,  and  of  one  producing  loss  of  the  light 
reflex.  For  example,  in  optic  atrophy  of  one 
eye  following  gunshot  injury  of  the  orbit,  light 
thrown  on  the  blind  eye  will  not  produce  con- 
traction of  either  pupil,  but  light  thrown  on  the 
good  eye  will  cause  brisk  and  equal  contraction 
of  both  pupils,  since  the  stimulus  can  pass  up 
both  optic  tracts,  and  both  third  nuclei  are 
affected.  Both  pupils  will  also  contract  equally 
on  convergence.  In  such  a  case  there  is  there- 
fore loss  of  consensual  pupil  reflex  to  light  in 
the  good  eye,  whereas  the  consensual  reflex  is 
unimpaired  in  the  blind  eye.  In  such  a  case 
the  injury  must  lie  in  the  afferent  portion  of  the 
reflex  arc,  and  further,  it  must  lie  between  the 
retina  and  the  optic  chiasma,  since  a  lesion  of 
the  optic  tract  does  not  abolish  the  direct  pupil 
reflex  in  one  eye  completely,  but  will  affect  the 
corresponding  halves  of  both  retinte,  producing 
the  phenomenon  known  as  the  hemiopic  pupil 
of  Wernicke.  When  light  is  focussed  on  the 
antesthetic  half  of  either  retina  no  pupil  reaction 
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results,  but  when  focussed  on  either  seeing  half 
consensual  pupil  reaction  in  both  eyes  is  observed. 
Knies  has  also  theorised  that  this  hemiopic 
pupil  reaction  must  be  obtainable  in  cases  of 
lesion  of  the  reflex  fibres  after  they  have  left  the 
optic  tracts  on  their  way  to  the  third  nerve 
nuclei,  without  any  corresponding  hemianopic 
loss  of  vision.  This  symptom  has  not  been 
actually  recorded,  but  might  conceivably  be  met 
with  in  lesions  of  either  anterior  corpus  quadri- 
geminum  or  of  its  brachium.  Any  lesion  damag- 
ing the  visual  path  above  the  external  geniculate 
body,  whether  in  the  optic  radiations  or  in  the 
cortex  of  the  occipital  lobe,  will  produce  hemian- 
opia  without  interfering  with  the  pupil  reflex, 
and  the  pupils  will  react  normally  to  light  even 
though  the  lesion  be  bilateral,  producing  total 
blindness. 

The  reflex  arc  for  the  sympathetic  control 
over  the  dilating  mechanism  of  the  pupil  is  con- 
siderably more  complex  than  that  of  the  light 
reflex.  The  nuclear  centre  lies  close  to  the  third 
nucleus  in  the  floor  of  the  aqueduct,  and  ex- 
ternal to  it.  Afferent  impressions  reach  this 
centre  along  numerous  paths ;  indeed,  strong 
sensory  impressions  from  almost  any  part  of  the 
body  may  result  in  stimulation  of  this  centre. 
A  usual  way  of  testing  the  integrity  of  this  reflex 
is  to  pinch  the  skin  of  the  neck  sharply,  when 
dilatation  of  the  pupil  results.  Equally  potent, 
however,  is  a  pin-prick  on  the  inside  of  the  nose, 
when  the  fifth  nerve  must  serve  as  the  afferent 
loop  of  the  reflex  arc.  Intestinal  disorders,  such 
as  worms  and  painful  colic,  are  also  said  to  react 
on  the  pupil  in  the  same  way.  Moreover,  im- 
pulses passing  downwards  from  the  cortex  are 
continually  affecting  this  centre,  as  is  seen  in  the 
continual  alteration  in  size  of  the  pupil  under 
emotion,  irrespective  of  alteration  in  the  intensity 
of  light.  It  is  possible,  as  some  think,  that  there 
is  a  special  centre  for  regulation  of  the  size  of 
the  pupil  in  the  neighbourhood  of  the  head  and 
eye  centre  in  the  posterior  portion  of  the  frontal 
lobe.  Haab  has  described  an  "  attention  reflex  " 
in  which  contraction  or  dilatation  of  the  pupil 
occurs  according  as  the  attention  is  concentrated 
on  a  bright  or  dark  object  respectively  on  either 
side,  while  the  gaze  is  fixed  on  a  medium-coloured 
wall  in  front.  With  this  may  be  compared  the 
dilatation  of  the  pupil  which  occurs  on  concen- 
trating the  thoughts  on  a  long-past  event,  and 
contraction  on  thinking  of  the  distant  future — 
a  common  "  thought  -  reading  "  experiment. 
Gifford  and  Galassi  described  pupillary  contrac- 
tion on  forced  closure  of  the  lids.  Piltz  finds 
this  "  orbicularis  reflex  "  consensual,  and  present 
even  in  blind  eyes  and  in  cases  with  Argyll- 
Eobertson  pupil.  The  efferent  path  of  the 
sympathetic  impulses  to  the  pupil  is  more  de- 
finitely known ;  starting  from  the  centre  in  the 
floor  of  the  aqueduct,  the  fibres  traverse  the  pons 
and  bulb  with  the  ascending  root  of  the  fifth 
nerve,  and  pass  down  the  spinal  cord  in  the 


lateral  columns  of  the  same  side  as  far  as  the 
second  dorsal  root.  They  leave  the  cord  at  this 
level  by  the  anterior  root,  pass  by  the  rami 
communicantes  to  the  inferior  cervical  ganglion, 
thence  along  the  cervical  sympathetic  to  the 
superior-cervical  ganglion,  whence  they  pass 
along  the  internal  carotid  artery,  and  so  enter 
the  cranial  cavity,  and  reach  the  Gasserian 
ganglion.  Reaching  in  this  manner  the  fifth 
nerve,  they  accompany  the  ophthalmic  division 
of  this  nerve,  its  nasal  branch,  and  thence  reach 
the  ciliary  ganglion,  reaching  the  iris  eventually 
by  the  long  ciliary  nerves.  Lesions  of  the  pons, 
bulb,  and  especially  of  the  lateral  columns  of  the 
cervical  cord,  as  well  as  of  the  inferior  cervical 
ganglion  and  cervical  sympathetic,  such  as  thor- 
acic aneurysm,  mediastinal  tumour,  or  enlarged 
glands  in  the  neck,  will  produce  paralysis 
of  the  dilator  pupillte  and  contracted  pupil. 
Such  contracted  pupils  do  not  dilate  in  shade, 
and  the  condition  is  therefore  more  obvious 
when  both  eyes  are  shaded  from  the  light. 
They  still  contract  slightly  to  light,  both  directly 
and  consensually,  but  not  quite  so  briskly  as 
a  normal  piipil.  Indeed,  the  reaction  to  light 
in  this  contracted  pupil  may  be  so  sluggish  as 
closely  to  resemble  the  Argyll-Robertson  pupil. 
There  is  also  present  slight  ptosis  from  paralysis 
of  Mliller's  muscle,  and  the  eye  will  appear 
slightly  sunken.  Anterior  poliomyelitis,  pos- 
terior sclerosis,  and  sclerosis  of  the  crossed 
pyramidal  tracts  in  the  cervical  region,  do  not 
produce  sympathetic  paralysis  of  the  pupil,  but 
gross  lesions  of  the  cord,  which  aifect  also  the 
lateral  column,  as  cervical  myelitis,  syringo- 
myelia, and  fracture-dislocations  of  the  cervical 
spine  will  be  accompanied  by  this  symptom. 
This  condition  of  sympathetic  ptosis  and  con- 
tracted pupil  will  often  afford  the  first  clue  in 
the  diagnosis  of  syringomyelia  from  progressive 
muscular  atrophy.  Irritant  lesions  of  the  spinal 
cord  in  the  lower  cervical  region  at  first  cause 
dilatation  of  the  pupil,  later  contraction  from 
paralysis  of  the  sympathetic  fibres.  Schiff'  de- 
scribed a  paradoxical  reaction,  the  pupil  con- 
tracting instead  of  dilating  on  faradisation  of 
the  sympathetic ;  this  I  have  seen  in  tabes. 
Dilatation  of  the  pupil  is  said  to  occur  in  the 
early  stages  of  aneui'ysm  of  the  second  part 
of  the  arch  of  the  aorta.  This  I  have  never 
met  with,  the  common  condition  being  con- 
tracted pupil  with  slight  ptosis  from  paralysis. 
Slight  optic  neuritis  not  infrequently  accom- 
panies sympathetic  ptosis  resulting  from  recent 
lesions  of  the  cervical  cord. 

Since  cocaine  dilates  the  pupil  by  stimulation 
of  the  peripheral  endings  of  the  sympathetic  in 
the  iris,  this  fact  has  been  taken  advantage  of 
in  the  differential  diagnosis  of  complete  and 
partial  transverse  lesions  of  the  cervical  cord. 
If  the  pupil  will  no  longer  dilate  to  cocaine,  the 
inference  is  drawn  that  the  sympathetic  fibres 
are  completely  degenerated,  and  that  therefore 
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the  cervical  lesion  is  practically  completely 
transverse.  This  symptom  must,  however, 
accoi-d  with  the  other  facts  bearing  on  this 
point  to  be  of  value ;  for  example,  if  in  a  case 
of  fracture-dislocation  of  the  sixth  cervical  spine 
there  is  complete  motor  paralysis  below  the 
lesion,  and  a  fortnight  later  no  dilatation  of  the 
pupils  to  cocaine,  the  inference  would  be  that 
the  lesion  was  completely  transverse,  if  there 
were  also  absolute  anaesthesia  below  the  first 
intercostal  space ;  yet  if  the  patient  could 
definitely  feel  a  pin-prick  on  his  foot  or  leg,  it 
is  obvious  that  the  lesion  cannot  be  completely 
transverse. 

A  most  important  symptom  to  recognise  is 
that  known  as  the  Argyll- Robertson  pupil. 
This  was  first  described  in  the  small  pupils,  or 
spinal  myosis  occurring  in  tabes,  in  which  it 
was  noticed  that  the  pupils  contracted  normally 
to  accommodation  and  convergence,  but  not  to 
light,  although  vision  might  be  perfectly  good. 
The  essential  point,  however,  is  the  loss  of  the 
pupillary  reflex  to  light  in  cases  in  which  it  can 
be  demonstrated  that  the  pupil  is  not  fixed  from 
iritic  adhesions  or  other  intra-ocular  cause,  and 
in  which  the  afferent  portion  of  the  reflex  in  the 
optic  nerve  is  uninjured,  as  proved  by  the  vision 
being  still  preserved.  The  pupils  are  generally 
small,  sometimes  minute,  so-called  pin-point 
pupils,  and  there  is  then  also  sympathetic  par- 
alysis present,  with  loss  of  reflex  dilatation  from 
stimulation  of  the  skin.  Sometimes  the  pupils 
are  unequal,  in  which  case  the  loss  of  the  light 
reflex  is  mostly  more  advanced  on  the  side  of 
the  smaller  pupil.  Rarely,  the  phenomenon  is 
uniocular,  the  other  pupil  remaining  normal  for 
a  time,  though  in  the  majority  of  these  cases 
both  pupils  are  ultimately  affected.  In  other 
cases,  again,  the  pupils  may  be  medium  dilated, 
and  occasionally  widely  dilated ;  thei'e  is  then 
generally  no  contraction  on  convergence  or  ac- 
commodation. This  symptom  is  found  in  the 
very  large  majority  of  cases  of  tabes,  and  in 
the  later  stages  of  general  paralysis  of  the 
insane,  in  which  the  pupils  may  also  be  irregular 
in  outline.  It  may  be  occasionally  met  with  in 
other  nervous  diseases  ;  I  have  met  with  it  in 
progressive  muscular  atrophy,  in  lead  palsy,  in 
aortic  aneurysm,  and  occasionally  in  patients  pre- 
senting themselves  for  slight  ailments,  in  whom 
no  other  sign  suggestive  of  tabes  or  general  par- 
alysis could  be  found,  but  who  had  suffered  pre- 
viously from  syphilis.  As  Gowers  first  pointed 
out,  the  true  significance  of  the  symptom  lies 
in  its  indicating,  with  almost  absolute  certainty, 
previous  syphilis.  It  is  a  sign  of  nerve  de- 
generation resulting  from  the  late  effects  of 
the  poison,  and  is  therefore  by  far  the  most 
commonly  met  with  in  tabes  and  in  general 
paralysis,  conditions  of  nerve  degeneration  de- 
pendent in  great  degree  if  not  entirely  on 
previous  syphilis.  Congenital]  syphilis  may  oc- 
casionally give  rise  to  juvenile  tabes  or  general 


paralysis,  when  this  symptom  will  almost  cer- 
tainly be  present.  Argyll-Robertson  pupil  is 
perhaps  the  most  constant  symptom  in  tabes, 
and  is  probably  the  earliest  recognisable  symp- 
tom, being  often  well  marked  in  cases  of  tabes 
in  which  tlie  knee-jerks  may  be  still  quite  lively. 
Cases  of  tabes  in  which  the  pupil  reaction  is 
perfect  are  most  exceptional,  and  the  diagnosis 
should  always  be  most  carefully  considered  in 
such  cases.  Broadly  speaking,  the  observance 
of  this  symptom  will  lead  to  the  presumption 
that  the  case  is  probably  one  of  tabes,  or 
possibly  general  paralysis.  If  loss  of  knee-jerk 
be  present  in  addition,  the  diagnosis  of  tabes 
will  be  confirmed.  It  is  often  quite  easy  to 
recognise  the  presence  of  this  symptom  almost 
at  the  first  glance  at  a  patient,  inequality  or 
immobility  of  the  pupils,  especially  when  facing 
the  window,  giving  the  clue,  and  leading  to  the 
actual  test  being  made.  In  making  the  test,  it 
is  better  to  expose  the  eyes  to  strong  diffused 
daylight  than  to  light  focussed  from  a  lamp, 
the  general  stimulation  of  the  retina  being 
better  from  daylight,  and  there  is  then  less 
chance  of  the  pupils  contracting  with  associated 
accommodation.  Both  pupils  should  be  shaded 
together,  and  exposed  to  the  light  at  the  same 
time,  in  order  to  obtain  the  maximum  of  stimu- 
lus, and  at  the  same  time  to  compare  the  com- 
parative briskness  of  contraction  on  the  two 
sides,  since  marked  diminution  in  briskness  of 
contraction  will  be  almost  as  significant  as  the 
fully  developed  symptom.  The  anatomical  lesion 
underlying  this  loss  of  the  light  reflex  has  not 
yet  been  demonstrated,  but  presumably  it  is 
due  to  sclerosis  of  the  pupil  reflex  fibres  between 
the  point  at  which  they  leave  the  optic  tract 
and  the  sphincter  centre  in  the  third  nucleus, 
perhaps  in  Meynert's  decussation.  It  is  thought 
by  some  that  it  is  due  to  nuclear  degeneration, 
and  this  must  almost  certainly  be  present  when 
there  is  co-existent  loss  of  contraction  to  accom- 
modation. In  most  cases,  however,  the  pupils 
contract  briskly  on  convergence,  and  it  is  difficult 
to  conceive  how  the  sphincter  pupillfe  centre 
could  be  paralysed  for  the  light  reflex  only,  and 
yet  work  normally  for  convergence.  We  may 
perhaps  assume  that  there  is  sclerosis  of  the 
endings  of  the  fibres  in  Meynert's  decussation 
where  they  impinge  on  the  third  nucleus,  and 
that  in  some  cases  the  degenerative  process 
extends  into  the  nucleus  itself. 

Alteration  in  the  pupils  is  often  to  be  observed 
in  acute  cerebral  disturbances.  At  the  commence- 
ment of  an  epileptic  fit  both  pupils  become  con- 
tracted, an  irritative  phenomenon,  while  in  the 
transient  stage  of  flaccid  paralysis,  after  the 
convulsions  have  ceased,  the  pupils  are  widely 
dilated  and  insensitive  to  light.  In  meningitis 
the  pupils  are  contracted  in  the  first  stage  of 
cerebral  irritation,  unequal  in  the  next  stage  of 
compression,  and  dilated  in  the  third  stage  of 
paralysis.    In  acute  mania  and  delirium  the 
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pupils  are  dilated,  and  often  unequal  or  sluggish 
to  light  in  alcoholic  insanity.  Cerebral  haemor- 
rhage may  produce  inequality  of  the  pupils,  that 
on  the  side  of  the  haemorrhage  being  more  often 
slightly  dilated,  especially  if  the  bleeding  has 
extended  into  the  lateral  and  third  ventricles. 
Hsemorrhage  in  the  pons  is  frequently  accom- 
panied by  minute  contraction  of  the  pupils,  from 
irritation  of  the  third  nuclei,  but  this  is  not 
invariably  present,  and  it  is  difficult  to  draw  any 
precise  deductions  from  the  condition  of  the 
pupils  in  cerebral  haemorrhage,  so  variable  are 
the  effects.  In  cerebral  tumour  no  alteration 
in  the  pupil  will  be  seen  unless  there  is  pressure 
on  the  third  nerve,  when  moderate  dilatation 
and  loss  of  reflex  action  will  accompany  the 
ptosis  and  divergent  strabismus  charactei-istic 
of  paralysis  of  this  nerve.  Third  nerve  palsy 
from  either  nerve  or  nuclear  lesion  is  common 
in  tabes,  and  may  be  either  partial  or  complete. 
When  the  ptosis  and  muscular  impairment  are 
only  slight,  the  pupil  reaction  to  light  should 
not  be  completely  lost,  but  if  this  is  so,  it  will 
indicate  the  additional  presence  of  the  Argyll- 
Robertson  pupil,  which  will  often  confirm  an 
otherwise  doubtful  diagnosis  of  tabes  in  a  case 
presenting  itself  for  an  incomplete  paralysis  of 
the  third  nerve.  Fifth  nerve  palsy  might  be 
expected  to  be  frequently  associated  with  small 
pupil  on  the  same  side  from  involvement  of  the 
sympathetic  fibres  passing  over  the  Gasserian 
ganglion,  yet  this  is  quite  the  exception,  and  I 
have  only  seen  this  association  twice. 

Pupillary  Membrane. —  A  trans- 
parent, vascidar  membrane  which  closes  the 
pupil  in  early  foetal  life ;  it  may  i-emain  in 
part  as  a  malformation  in  the  form  of  fibres, 
tags,  or  loops  {persistent  pibpillary  membrane). 
See  Iris  and  Ciliary  Bodies  {Congenital  Abnor- 
malities of  the  Iris). 

PupiloSCOpy.    See  Retinoscopy. 

Purg^atives.  *S'ee  Cathartics;  Constipa- 
tion ;  Pharmacology  ;  etc. 

Purg'en. — An  aperient  drug,  being  chemi- 
cally phenolphthalein,  given  in  doses  of  from  1 
to  5  grains  ;  aperione.    See  Prescribing. 

Purification.  See  Ventilation  and 
Warming  {Purification  of  Air) ;  Water  {Puri- 
fication). 

Purin  Bodies.  See  Physiology,  Ex- 
cretion {Urine,  Non-Urea  Nitrogen,  Diureides). 
See  also  Liver,  Physiology  of  {Regulation  of 
Supply  of  Proteids,  Uric  Acid,  Xanthin,  etc.) ; 
Uric  Acid  {Chemical  Characters,  Purin  Ring). 

Purkinje's  Ceils.  See  Physiology, 
Neuro-muscular  Mechanism  {Cerebellum, 
Sti'ucture). 

Purkinje's  Fibres. — Peculiar  muscular 


fibres  showing  incomplete  striation,  found  in 
the  sub-endocardial  tissue  of  the  heart  in  some 
of  the  lower  animals,  in  the  human  subject  in 
early  infancy  and  occasionally  in  the  adult. 

Purkinje's  Fig^ures  or  imagoes. 

See  Physiology,  Neuro-muscular  Mechanism 
( Vision,  Stimulation  of  Retina). 

Puroform. — An  antiseptic  said  to  con- 
sist of  zinc  and  formic  aldehyde  with  thymol, 
menthol,  and  eucalyptol. 

Purple,  Visual.  —  Rhodopsin.  See 
Colour  Vision  {Physiological  Considerations). 
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See  also  Auditory  Nerve  and  Labyrinth 

Hcemorrhage  into  the  Labyrinth,  Meniere's  Dis- 
ease) ;  Colon,  Diseases  of  {Hcemorrhagic  Colitis 
in  Purpura) ;  H/ematemesis  {Diagnosis) ;  He- 
mophilia {Diagnosis);  Leucocytosis  {Leucopenia 
in  Purp^m-a) ;  Meninges  of  the  Cerebrum 
( Vascular  Disturbances,  HtEmorrhage,  Symp- 
toms) ;  Obesity  {Purpura  in  Adiposis  Dolorosa); 
Pregnancy,  Affections  and  Complications 
{Blood  Changes,  Piirpura  Hoemorrhagica) ;  Rheu- 
matism in  Children  {Symptoms,  Skin  Affections, 
Pmpura) ;  Skin,  Bacteriology  op  {Purpura) ; 
Smallpox  {Purpura  Variolosa) ;  Typhoid  Fever 
{Complications  and  Sequelae,  Cutaneous,  Pur- 
pura) ;  Typhus  Fever  {Diagnosis,  Purpura). 

Definition. — The  essential  point  in  purpura  is 
the  occurrence  of  extravasations  of  blood  into 
the  skin,  which  are  spontaneous  and  not  due  to 
injury.  Strictly  speaking,  purpura  is  in  all 
cases  merely  a  symptom.  In  many  instances 
the  disease  of  which  it  is  a  symptom  is  fairly 
well  known,  and  a  great  class  of  "  symptomatic  " 
purpura  is  therefore  described.  But  in  certain 
instances,  more  especially  where  haemorrhage 
from  mucous  surfaces  is  associated  with  the 
cutaneous  extravasation,  the  conditions  upon 
which  the  haemorrhage  depends  are  unknown, 
and  in  default  of  such  knowledge  the  term 
"purpura"  is  borrowed  from  the  one  striking 
symptom,  and  is  used  to  designate  "a  disease" 
with  the  addition  of  various  distinguishing 
adjectives. 
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Character  of  the  Cutaneous  Haemorrhage. 
— Petechise  form  the  chief  feature  in  all  kinds 
of  purpura.  They  are  red  or  purple  spots 
which  assume  a  rusty  colour  as  they  disappear. 
They  commonly  appear  in  successive  crops. 
They  may  be  thickly  distributed  over  the  whole 
surface  of  the  body,  and  in  fatal  cases  the  serous 
and  mucous  membranes  are  generally  found  to 
be  similarly  affected.  In  size  they  vary  from 
a  mere  speck  to  a  spot  half  an  inch  in  diameter. 
The  smallest  size  is  often  seen  as  the  result  of 
flea-bites.  In  shape  they  are  rounded,  irregular, 
or  star-shaped.  They  do  not  fade  on  pressure. 
Except  in  scurvy  they  have  no  relation  to  the 
hair-follicles.  After  their  appearance  they  do 
not  increase  in  size,  except  by  confluence  with 
neighbouring  petechise.  As  a  rule  they  are  not 
raised  above  the  level  of  the  skin,  but  some- 
times the  centre  is  elevated  into  a  papule. 
Occasionally  some  haemorrhages  are  in  the 
form  of  streaks  (vibices).  In  association  with 
petechise,  purplish  bruises  (ecchymoses)  are 
often  seen,  sometimes  measuring  several  inches 
in  length.  As  these  fade  they  show  the  brown 
and  greenish  yellow  tints  which  are  familiar  in 
the  traumatic  bruise.  Occasionally  also  large 
extravasations  in  the  subcutaneous  tissue  are 
met  with  (haematomata). 

Etiology  and  Pathology.  —  From  a  con- 
sideration of  the  conditions  under  which  a 
"symptomatic  purpura"  arises,  we  are  justified 
in  concluding  that  a  purpuric  eruption  (exclud- 
ing that  of  haemophilia)  may  be  produced  :  (1) 
by  the  presence  in  the  blood  either  of  bacteria 
themselves  or  of  their  poisonous  products  ;  (2) 
by  the  presence  in  the  blood  of  some  poison  of 
non-bacterial  origin,  either  introduced  from 
without  or  manufactured  in  the  body  ;  (3)  by 
some  alteration  in  the  formed  or  other  con- 
stituents of  the  blood ;  (4)  by  vaso-motor 
influence.  All  instances  of  symptomatic  pur- 
pura may  be  grouped  in  these  four  classes, 
which  may  be  termed  infectious,  toxic,  cachectic, 
and  nervous  respectively. 

Although  a  bacillus  such  as  that  of  plague, 
a  toxin  siich  as  that  produced  by  the  bacillus 
diphtherise,  a  drug  such  as  iodide  of  potassium, 
or  a  high  degree  of  antemia  may  be  spoken  of 
as  the  cause  of  haemorrhage,  we  are  very  far 
from  understanding  the  exact  method  by  which 
rupture  of  the  vessel  wall  is  effected.  Doubt- 
less some  widespread  deleterious  influence  is 
exerted  by  these  agents  upon  the  vessel.  But 
in  the  production  of  petechiae  something  more 
than  this  is  needed.  There  must  be  some  sub- 
sidiary local  factors  which  determine  the  site 
of  the  haemorrhage.  Slight  injury,  sudden 
local  alterations  in  blood  pressure,  capillary 
thrombosis,  the  unsupported  state  of  a  vessel, 
and  the  influence  of  gravity  may  conceivably 
contribute  something  towards  the  production 
of  petechise.  For  example,  in  any  purpuric 
state  the  prick  of   a  needle  will  produce  a 


hsemorrhagic  spot.  Gravity  certainly  plays  a 
small  part  in  certain  cases  of  recurring  arthritic 
pui'pura.  Moreover,  it  has  been  shown  by 
Unna  that  the  point  at  which  the  cutaneous 
vessel  ruptures  is  its  point  of  least  resistance. 
Rupture  occurs  in  the  lower  part  of  the  cutis, 
where  the  vessels  lose  their  adventitia  and 
media,  and  practically  become  capillaries  with- 
out obtaining  the  support  of  the  rigid  cutis. 

Various  changes  have  been  described  in  the 
vessel  wall,  such  as  endarteritis,  hyaline  and 
amyloid  degeneration.  It  is  more  than  doubt- 
ful, however,  whether  such  changes  would  be 
favourable  to  bleeding.  At  any  rate,  in  view 
of  the  clinical  history  of  the  sudden  appearance 
of  petechiae  in  previously  healthy  individuals, 
such  an  explanation  is  now  generally  discarded. 

Histological  evidence  as  to  the  local  cause  of 
petechise  is  scanty.  Thrombosis  of  small  veins 
has  been  observed,  but  considering  the  freedom 
of  anastomosis  of  cutaneous  vessels,  this  cannot 
be  regarded  as  important.  Capillary  emboli 
have  been  found  in  purpura  dependent  upon 
generalised  sarcoma.  A  more  promising  ex- 
planation lies  in  the  bacterial  emboli,  which, 
with  or  without  capillary  thrombosis,  have 
been  found  in  many  cases  of  purpuric  eruption 
appearing  in  infectious  and  septic  diseases.  On 
the  other  hand,  while  careful  search  has  failed 
to  reveal  such  an  appearance  in  the  haemorrhagic 
spots  of  variola  and  diphtheria,  the  capillaries 
in  the  papillae  of  the  skin  in  scarlet  fever  have 
been  found  plugged  with  cocci  without  the 
occurrence  of  any  hsemorrhage.  The  evidence 
is  not  strong  enough  to  bear  a  conclusion. 

The  conditions,  however,  under  which  a 
symptomatic  purpura  occurs  are  known,  and 
have  been  already  enumerated.  We  may  go 
so  far  as  to  suppose:  (1)  that  in  all  of  them, 
perhaps  even  in  the  unimportant  nervous  class, 
a  circulating  poison  or  an  altered  blood-state 
sets  up  in  small  vessels  and  capillaries  a  pre- 
paratory change  in  the  direction  of  impaired 
vitality  and  loss  of  cell-cohesion,  the  exact 
nature  of  the  change  being  unknown  ;  and  (2) 
that  in  this  state  various  local  factors  determine 
rupture  and  extravasation  of  blood. 

Our  knowledge  of  the  origin  of  "  purpura  as 
a  symptom  "  is  thus  imperfect.  When,  however, 
we  consider  the  nature  of  "  purpura  as  a  disease  " 
we  are  reduced  to  pure  hypothesis.  The  age- 
incidence  of  all  forms  of  the  disease  is  the  only 
well-defined  fact,  the  liability  of  children  and 
young  adults  being  very  prominent.  Both 
sexes  are  affected,  and  no  great  difference  in 
their  liability  is  noted.  The  family  history 
throws  no  light  on  the  etiology,  and  no  clue 
is  gained  from  the  previous  history  or  surround- 
ings of  the  patient.  A  review  of  a  large  number 
of  cases  leads  to  the  provisional  recognition  of 
five  forms  of  the  disease,  which  are  named 
simple,  Werlhof's,  arthritic,  Henoch's,  and 
febrile  purpura  respectively.    It  must  be  re- 


440 


PURPURA 


membered  that  this  classification  is  the  outcome 
of  purely  bedside  study.  These  forms  may 
prove  to  be  degrees  or  varieties  of  one  disease, 
or  they  may  be  shown  to  be  as  distinct  one 
from  another  as  typhoid  from  typhus.  To 
decide  the  question  of  their  relationship  there 
is  needed  a  far  deeper  knowledge  of  their 
bacterial  and  chemical  conditions  than  we  now 
possess. 

It  will  be  noted  that  these  five  forms  have 
many  important  points  in  common,  each  one, 
however,  possessing  some  characteristic  feature. 
In  (1)  simple  purpura  the  htemorrhagic  ten- 
dency is  almost  confined  to  the  skin,  and  the 
illness  is  mild  and  ends  in  recovery.  In  (2) 
Werlhof's  purpura  all  mucous  membranes  and 
many  viscera  share  in  the  tendency,  and  the 
illness  becomes  more  severe,  is  often  of  longer 
duration,  and  may  end  fatally.  In  (3)  arthritic 
purpura,  joint-pains  are  added  to  the  hsemor- 
rhagic  element,  and  a  proneness  to  recurrence 
becomes  a  prominent  feature.  In  (4)  Henoch's 
purpura  severe  colic  and  visceral  haemorrhage 
are  additional  symptoms.  In  (5)  febrile  pur- 
pura we  have  a  well-defined  severe  disease 
approaching  closely  in  type  to  a  specific  fever 
such  as  smallpox,  with  pyrexia  and  a  tendency 
to  necrosis  of  certain  tissues. 

It  is  true  that  examples  may  be  picked  out 
from  these  various  forms  which,  placed  side 
by  side,  will  present  strongly  differentiating 
features.  But  it  is  equally  true  that,  if  a  large 
series  of  cases  is  studied,  instances  are  met  with 
which  seem  to  lie  as  links  between  them.  At 
any  rate,  on  the  ground  of  clinical  affinity,  we 
are  justified  in  looking  upon  simple  purpura 
and  Werlhof's  purpura  on  the  one  hand,  and 
arthritic  and  Henoch's  purpura  on  the  other 
hand,  as  forming  two  large  groups,  while  the 
febrile  form  lies  somewhat  apart  from  them 
both. 

As  regards  their  causation  there  is  abundant 
room  for  speculation.  Nothing  certain  is 
known,  but  their  close  analogy  with  such  in- 
stances as  iodic  purpura  (toxic)  and  diphtherial 
purpura  (infectious)  compels  us  to  regard  them 
as  coming  under  one  or  other  of  these  two  heads. 
Febrile  purpura  bears  such  a  close  resemblance 
to  a  specific  fever  that  many  attempts  have 
been  made  to  prove  its  bacterial  origin.  Their 
failure  need  not  militate  against  the  view. 
Bacteria  of  many  kinds  have  been  found  in  the 
blood  and  tissues,  but  the  observations  are 
vitiated  by  the  fact  that  they  were  made  some 
time  after  death.  Their  importance  is  not 
necessarily  increased  by  the  fact  that  the  in- 
jection of  cultures  of  these  organisms  has  pro- 
duced hsemorrhagic  septicaemia  in  animals. 
Among  these  microbes  are  streptococcus,  staphy- 
lococcus, a  capsulated  bacillus  belonging  to  the 
colon  group,  and  other  bacilli  not  classified. 
The  blood,  if  taken  direct  from  a  vein  during 
life,  is  generally  sterile.     Both  streptococcus 


and  staphylococcus  have,  however,  been  grown 
from  it ;  but,  considering  the  common  existence 
of  a  sloughing  process  in  the  mouth  or  throat 
or  elsewhere  in  these  cases,  their  presence  cannot 
be  regarded  as  necessarily  meaning  more  than 
the  supervention  of  a  septicsemia.  The  common 
failure  to  find  micro-organisms  in  the  blood  is 
not  surprising,  if  we  consider  that  the  specific 
organism  of  so  many  of  the  recognised  specific 
fevers  is  still  unknown. 

A.  Symptomatic  Purpura 
Excluding  hsemophilia,  the  conditions  of 
which  purpura  is  a  frequent  or  occasional 
symptom  may  be  grouped  in  four  classes.  For 
the  most  part  the  form  of  haemorrhage  is  the 
petechial  eruption. 

(1)  Infectious. — Nearly  all  the  specific  fevers 
may  be  attended  by  a  purpuric  eruption,  especi- 
ally smallpox,  diphtheria,  measles,  scarlet  fever, 
and  cerebro-spinal  fever.  Such  an  eruption 
betokens  unusual  severity  in  the  disease.  In 
typhus  the  rash  is  always  of  this  nature.  In 
typhoid  fever  petechiae  and  vibices  have  been 
rarely  seen.  Petechiae  are  not  uncommon  in 
yellow  fever  and  in  plague.  They  occur  in 
malignant  endocarditis,  pyaemia,  and  septicsemia; 
more  rarely  in  syphilis,  gonorrhoea,  malaria, 
pneumonia,  and  erysipelas. 

(2)  Toxic. — Snake-poison  produces  large  ex- 
travasations of  blood  into  the  skin,  as  well  as 
haemorrhage  from  mucous  surfaces.  A  copious 
petechial  eruption  may  follow  the  use  of  diph- 
theria antitoxin  A  large  number  of  drugs  can 
produce  petechiae.  Phosphorus,  iodide  of 
potassium,  chloral,  arsenic,  quinine,  mercury, 
salicylic  acid,  copaiba,  ergot,  belladonna,  anti- 
pyrin,  and  opium  and  its  alkaloids,  may  be 
included  under  this  head.  In  phosphorus- 
poisoning  haemorrhage  often  occurs  into  the 
skin  as  well  as  from  mucous  surfaces.  Iodide 
of  potassiimi  will  produce  in  a  few  exceptional 
individuals  an  attack  which  closely  resembles 
purpura  simplex.  As  regards  the  other  drugs 
enumerated  such  an  effect  is  exceedingly  rare. 
Petechiae  are  also  not  uncommon  in  certain  ill- 
defined  states  of  poisoning,  such  as  arise  in 
nephritis,  cirrhosis  of  the  liver,  and  malignant 
jaundice. 

(3)  Cachectic. — A  purpuric  eruption  is  occa- 
sionally met  with  in  cases  of  generalised  sarcoma. 
A  few  petechiae  are  not  uncommonly  seen  on 
the  lower  extremities  in  cases  of  advanced 
phthisis  or  carcinoma,  and  in  fact  occasionally 
j  ust  before  death  from  any  form  of  long-standing 
disease.  They  may  appear  also  in  extreme  old 
age.  They  are  common  in  leucocythaemia, 
pernicious  anaemia,  and  lymphadenoma.  In 
scurvy  and  in  scurvy-rickets,  petechiae,  ecchy- 
moses,  and  large  subcutaneous  extravasations  of 
blood  are  common  phenomena. 

(4)  JVervous. — Petechiae  occasionally  occur  in 
locomotor  ataxy,  especially  in  association  with 


PURPURA 


441 


lightning  pains.  They  have  been  seen  also  in 
myelitis,  alcoholic  neuritis,  and  neuralgia,  and 
even  in  hysteria  after  severe  emotion  or  over- 
excitement. 

B.  Purpura  as  a  Disease 
Symptoms  and  Course.  —  (1)  Simple  Purpura. 
— This  form  is  almost  confined  to  children  of 
both  sexes  under  the  age  of  fifteen.  The  family 
history  throws  no  light  on  its  causation,  but  it 
is  noteworthy  that  occasionally  more  than  one 
child  of  a  family  is  attacked.  The  surroundings 
of  the  child  seem  to  play  no  part  in  the  origin 
of  the  disease,  for  it  frequently  appears  in 
children  of  good  position,  as  to  whose  diet  and 
life  no  fault  can  be  found.  In  most  cases  the 
child  appears  to  be  healthy  and  well-nourished 
up  to  the  onset  of  the  symptoms.  Sometimes 
it  is  ill-nourished  or  rickety.  It  may  be  noted 
that  the  attack  is  sometimes  preceded  or  ushered 
in  by  diarrhoja,  and  occasionally  indigestible  or 
doubtful  food,  such  as  sausages,  has  produced 
gastric  disturbance  a  day  or  two  before  the 
onset.  Herpes  has  been  known  to  appear  on  the 
lips  at  the  beginning  of  an  attack. 

As  a  rule,  without  any  appearance  of  ill-health, 
the  first  thing  which  attracts  attention  is  the 
appearance  of  petechiae.  They  may  be  few  at 
first,  perhaps  appearing  in  the  first  place  about 
the  neck  as  often  as  anywhere,  but  successive 
crops  are  added,  until  nearly  the  whole  surface 
of  the  body  is  thickly  studded  with  red,  purple, 
or  brown  spots,  having  the  characters  already 
described.  Large  patches  are  sometimes  formed 
by  confluence  of  petechiee.  The  face  may  be 
affected  as  well  as  the  trunk  and  extremities, 
but  the  palms  of  the  hands  and  the  soles  of  the 
feet  usually  remain  free.  A  few  petechise  may 
often  be  seen  inside  the  lips  and  on  the  palate 
and  tongue.  They  rarely  if  ever  occur  on  the 
conjunctivEe  or  retinse.  In  very  slight  cases 
they  may  be  confined  to  the  lower  extremities. 
Rarely  some  red  wheals  are  present  among  the 
petechise.  Ecchymoses  are  common,  and  are 
readily  produced  by  any  rough  handling. 
Hfematomata  occasionally  develop,  especially 
about  the  buttocks,  thighs,  and  calves,  and  a 
bluish-black  brawny  mass  as  large  as  a  man's 
hand  is  sometimes  met  with  in  these  situations. 
On  such  a  mass  a  bulla  containing  sanguineous 
fluid  may  be  formed,  but  this  appearance  is 
not  so  common  here  as  in  the  febrile  form  of 
purpura.  Close  observation  will  sometimes 
detect  a  little  oedema  of  the  backs  of  hands  and 
feet.  In  a  few  cases  there  may  be  some  slight 
epistaxis  at  the  beginning  of  an  attack,  or  slight 
oozing  of  blood  from  the  gums,  but  with  these 
exceptions  the  haemorrhage  is  confined  to  the 
skin.  Occasionally  there  is  evidence  of  slight 
pains  in  the  joints. 

In  all  cases  the  general  condition  of  the  child 
is  in  striking  contrast  with  the  cutaneous 
appearance.    Often  there  is  no  indication  or 


feeling  of  ill-health  whatever,  and  all  functions 
are  naturally  performed.  Sometimes  there  is 
loss  of  appetite  and  a  little  restlessness,  and 
perhaps  for  a  few  days  the  temperatiu-e  may 
reach  100°  in  the  evening.  The  child  is,  how- 
ever, often  pale  when  it  comes  under  observa- 
tion, and  sometimes  the  anaemia  increases  during 
the  illness,  the  red  corpuscles  falling  as  low  as 
3,700,000  per  c.mm.  The  leucocytes  show  no 
change  in  number  or  quality.  There  is  no 
affection  of  the  joints,  no  morbid  appearance 
about  the  tonsils,  and  no  evidence  of  intestinal 
disturbance  beyond  the  occasional  initial  diar- 
rhoea already  mentioned. 

Recovery  is  rapid  and  uniform,  the  length  of 
the  illness  seldom  exceeding  a  fortnight.  No 
tendency  to  recurrence  can  be  traced. 

(2)  Werlhofs  Purpura. — This  form,  if  we 
adhere  to  Werlhofs  description  of  it,  written  in 
the  eighteenth  century,  is  a  rare  disease.  It  is 
clear,  however,  that  his  description  must  be 
amended  in  two  important  particulars.  But 
though  more  cases  are  thus  brought  luider  the 
term,  it  still  remains  comparatively  uncommon. 

All  that  has  been  said  of  purpura  simplex 
concerning  the  age  and  previous  history  of  the 
patient,  and  the  mode  of  onset  and  the  early 
symptoms,  holds  good  for  this  "morbus  macu- 
losus  "  of  Werlhof.  As  a  rule,  it  is  not  until  a 
more  extensive  haemorrhage  has  set  in,  and  the 
illness  assumes  a  severe  aspect,  that  the  diag- 
nosis of  the  simple  form  is  given  up,  and  the 
more  serious  type  of  disease  is  recognised.  The 
distinction  between  them  is  artificial  and  un- 
necessary. 

The  disease  has  therefore  a  gradual  onset. 
For  some  days,  or  less  commonly  a  week  or  two, 
crops  of  petechise  continue  to  appear,  perhaps 
the  nose  bleeds  spontaneously  on  one  or  two 
occasions,  and  a  little  blood-clot  may  be  seen 
between  the  teeth.  The  patient  is  anajmic,  but 
as  a  rule  presents  no  other  evidence  of  illness. 
The  hajmorrhagic  tendency  then  rapidly  in- 
creases. Epistaxis  may  be  severe,  and  may 
necessitate  plugging  of  the  nostrils.  The  gums 
ooze  freely,  but  if  the  adherent  clot  is  removed 
they  are  seen  to  be  pale  and  not  swollen.  Blood 
is  vomited,  and  appears  in  the  stools  and  in  the 
urine.  There  may  be  expectoration  of  red 
blood,  or  of  a  blood-streaked  sputum.  Bleeding 
from  the  uterus  and  from  the  auditory  meatus 
may  occur.  Haemorrhages  into  the  retina  are 
not  uncommon.  Ecchymoses  and  ha3matomata 
may  appear  in  various  parts  of  the  body.  The 
tongue  remains  clean  and  moist,  there  is  little 
or  no  pyrexia,  and  the  appetite  is  commonly 
maintained.  The  blood  shows  the  changes 
associated  with  loss  of  blood,  and  the  red  cells 
usually  fall  below  2,000,000,  and  sometimes 
below  1,000,000  per  c.mm.  The  waxy  pallor 
of  the  skin  is  striking,  and  the  main  complaint 
of  the  patient  is  the  feeling  of  faintness. 

According    to    Werlhofs    description,  the 
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hsemorrhagic  tendency  ceases  at  the  end  of  five 
or  ten  days,  and  rapid  recovery  ensues  without 
complication.  Both  these  points  must  be  modi- 
fied in  the  light  of  wider  experience.  In  the 
first  place,  the  disease  may  run  a  much  longer 
course.  A  patient  may  present  the  symptoms 
above  described  with  hardly  any  intermission 
for  at  least  two  months,  and  with  intermissions 
a  case  may  occasionally  run  on  for  a  year.  In 
the  second  place,  a  fatal  event  is  by  no  means 
vincommon,  and  the  illness  must  alway.s  give 
rise  to  anxiety.  By  the  continuance  and  pro- 
fuseness  of  the  haemorrhage  the  anEsinia  reaches 
danger-point.  The  patient  becomes,  not  rest- 
less, as  is  the  case  after  a  single  large  haemor- 
rhage, but  apathetic  and  drowsy,  and  so  dies 
exhausted ;  or  at  any  point  in  the  illness 
hsenwrrhage  into  the  brain,  or  upon  its  surface, 
may  prove  fatal. 

In  young  children  cases  of  great  malignancy 
have  been  observed,  and  have  been  termed 
"purpura  fulminans."  With  a  sudden  onset 
the  cutaneous  and  visceral  hsemorrhages  are 
overwhelming,  and  death  occurs  in  two  or  three 
days.  In  a  recorded  case,  still  more  acute,  no 
visceral  hiemorrhage  occurred,  but  the  cutaneous 
haemorrhage  was  extensive.  Within  a  few  hours 
all  four  limbs  were  swollen  and  discoloured  by 
infiltrated  blood,  and  the  child  died  within 
twenty-four  hours  of  the  onset. 

(3)  Arthritic  Purpura. — This  form  is  a  disease 
of  adolescence  and  early  adult  life,  and  it  is 
perhaps  more  common  in  males  than  females. 
The  patient  suifers  for  a  few  days  from  slight 
or  severe  pain  in  various  joints,  especially  the 
knees,  ankles,  elbows,  or  wrists.  Sometimes 
the  joints  are  swollen  and  tender,  but  the  pain 
may  be  severe,  even  when  there  is  very  little 
evidence  of  inflammation  of  the  joint  structures. 
Up  to  this  point  the  condition  will  be  regarded 
as  a  subacute  rheumatism.  Petechias  now 
appear.  As  a  rule,  they  are  not  distributed 
over  the  whole  body,  as  in  purpura  simplex, 
though  a  few  may  be  scattered  over  the  trunk, 
and  even  on  the  mucous  surface  of  the  lips. 
They  occur  mostly  on  the  lower  extremities, 
especially  on  the  shins  and  ankles,  and  they 
often  show  a  tendency  to  be  aggregated  around 
an  affected  joint.  Their  distribution  is  sym- 
metrical, as  is  the  joint  affection.  In  this  form 
of  purpura  the  centre  of  the  hsemorrhagic  spot 
is  often  elevated  into  a  papule,  which  is 
commonly  visible  owing  to  its  pallor.  Some- 
times in  the  centre  of  a  spot  may  be  seen  and 
felt  a  pale  spherical  nodule,  which  is  found 
on  microscopical  examination  to  consist  of  de- 
colourised blood-clot.  On  the  larger  hsemorrhagic 
patches  blebs  filled  with  blood-stained  serum 
may  develop,  and  occasionally  a  little  oozing 
will  occur,  so  that  a  patch  becomes  surmounted 
with  a  crust  of  dried  blood.  Ecchymoses  may 
often  be  observed,  but  in  most  cases  the  pre- 
vailing type  is  the  simple  petechial  eruption. 


Slight  oedema  of  feet  and  shins,  or  of  backs  of 
hands  and  forearms,  is  not  imcommon.  In 
some  cases  there  is  slight  pyrexia,  but  often  the 
temperature  is  normal  throughout  the  illness. 
There  is  very  little  constitutional  disturbance. 
Sweating  is  not  a  marked  symptom,  except  in 
severe  cases,  and  the  skin  is  often  dry  and 
harsh. 

The  articular  pains  subside  in  a  few  days ; 
the  petechise,  which  appear  in  successive  crops, 
become  rusty  and  fade,  and  the  patient  may  be 
well  in  a  few  weeks.  But  there  is  a  strong 
tendency  to  recurrence.  Though  the  patient 
remains  in  bed  under  treatment,  the  same 
phenomena,  articular  and  cutaneous,  are  often 
repeated  at  an  interval  of  a  few  days,  and 
similar  attacks,  slight  though  they  are,  may 
carry  the  illness  over  many  weeks.  Even  when 
the  natural  tendency  to  recurrence  seems  to 
have  subsided,  it  will  often  be  found  that  the 
first  attempt  to  get  the  patient  out  of  bed  will 
result  in  another  attack,  and  some  months  may 
elapse  before  the  patient  can  pass  the  whole  day 
in  the  erect  attitude.  In  these  later  attacks 
the  petechicE  are  the  marked  feature.  The 
articular  pains  may  be  very  slight,  often  only 
stiffness  is  complained  of,  and  as  a  rule  there  is 
no  pyrexia. 

The  relation  of  this  affection  to  acute  rheum- 
atism is  uncertain.  Strong  arguments  against 
any  connection  between  the  two  conditions  are 
the  immense  disparity  in  the  frequency  of  their 
occurrence,  and  the  moderate  and  often  trifling 
nature  of  the  joint  affection.  And  as  Scheby- 
Buch  has  pointed  oiit,  there  is  no  form  of  pur- 
pura which  does  not  occasionally  present  artic- 
ular pains,  and  yet  the  term  "rheumatic"  can 
hardly  be  extended  to  all  of  them.  Further, 
similar  articular  pains  are  often  met  with  in 
cases  of  acute  septica)mia,  and  do  in  fact  some- 
times lead  at  first  to  an  erroneous  diagnosis  of 
rheumatism.  Under  the  head  of  arthritic  pur- 
pura must  be  provisionally  included  certain 
cases  which  are  of  less  common  occurrence,  but 
of  sharper  onset  and  greater  severity.  As  re- 
gards the  condition  of  the  joints  and  the  general 
course  of  the  illness,  they  do  not  require  separ- 
ate description.  But  they  present  some  peculiar 
features.  In  the  first  place,  wheals  are  con- 
spicuous among  the  petechias,  whence  the  name 
"  purpura  urticans "  is  derived.  The  second 
characteristic  is  the  extensive  oedema.  The 
eyelids,  cheeks,  alse  nasi,  lips,  and  chin  may  be 
enormously  swollen  and  tense,  studded  with 
petechiae  or  discoloured  with  ecchymoses.  The 
hands  and  feet  and  the  neighbourhood  of  any 
joint  may  present  a  similar  appearance.  The 
writer  has  seen  the  penis  red  and  ocdematous, 
with  a  wheal  and  abundant  petechiae  on  its 
surface.  In  these  cases  pyrexia  is  often  more 
marked.  The  urine  may  contain  blood  or 
albumin.  Rarely  blood  appears  in  the  stools. 
Diarrhoea   has   occasionally   been    noted.  It 


PURPURA 


443 


should  be  noted  that  tonsillitis  may  usher  in 
such  an  attack,  and  even  when  no  throat  symp- 
toms are  complained  of  the  fauces  are  often 
found  to  be  reddened.  Endocarditis,  pericarditis, 
and  pleurisy  have  occasionally  been  noted  ;  but 
in  these  cases  there  is  a  previous  history  of 
acute  rheumatism. 

(4)  Henoch's  Purpura. — This  variety  of  pur- 
pura, which  was  described  by  Henoch  in  1874, 
is  most  common  in  young  people,  the  majority 
of  cases  occurring  between  the  ages  of  seven 
and  fifteen,  and  it  is  rare  after  thirty.  Males 
seem  to  be  more  liable  than  females.  Nothing 
is  known  as  to  its  causation.  It  appears  in 
children  of  good  position,  as  well  as  in  those 
who  live  under  unhealthy  conditions. 

In  ita  main  features  this  form  bears  a  close 
resemblance  to  arthritic  purpura.  The  patient 
complains  of  vague  aches  and  pains,  such  as 
occur  at  the  onset  of  most  specific  fevers,  with 
some  feeling  of  illness.  Soon  one  or  more  joints 
become  painful,  with  little  or  no  external  evi- 
dence of  inflammation.  The  appearance  of 
slight  oedema,  the  eruption  of  petechife,  and 
sometimes  of  ecchymoses  and  wheals,  and  per- 
haps a  slight  rise  of  temperature,  complete  the 
resemblance  to  arthritic  purpura. 

After  a  few  days,  however,  certain  special 
symptoms  are  added.  The  child  has  paroxysms 
of  severe  abdominal  pain,  with  obstinate  vomit- 
ing and  at  first  constipation,  so  that  the  picture 
of  lead  colic  is  recalled.  But  the  vomit  later  is 
found  to  contain  blood,  diarrhoea  generally  sets 
in,  the  stools  being  black  with  altered  blood ; 
epistaxis  is  not  uncommon,  and  there  may  be 
a  little  oozing  from  the  gums.  The  pain  is  un- 
doubtedly severe,  the  child  cries  aloud  in  the 
attacks,  and  there  may  be  some  collapse,  the 
face  becoming  drawn  and  the  pulse  quick  and 
small.  The  pain  is  generally  referred  to  the 
umbilical  region,  and  the  abdomen  is  retracted 
and  tender.  Occasionally  an  intense  nephritis 
is  added.  The  urine  becomes  scanty  and  con- 
tains blood  and  a  large  quantity  of  albumin. 
Death  may  ensue  with  all  the  symptoms  of 
uraemia.  There  is  often  slight  pyrexia  at  the 
height  of  the  attack,  but  the  temperature  may 
be  normal  throughout  the  illness.  In  fatal 
cases  the  spleen  is  found  to  be  swollen,  and  its 
enlargement  has  been  detected  by  percussion 
during  life.  Endocarditis  and  pleurisy  have 
been  noted  in  one  case,  but  their  occurrence 
may  be  attributed  to  antecedent  rheumatism. 
As  a  rule,  the  articular  pains,  the  petechise,  and 
the  gastro-intestinal  symptoms  appear  in  the 
sequence  given. 

Here,  as  in  arthritic  purpura,  there  is  a  strong 
tendency  to  recurrence.  After  a  day  or  two  of 
the  gastro-intestinal  symptoms  rapid  improve- 
ment sets  in,  only  to  be  followed  in  a  few  days 
or  weeks  by  a  repetition  of  the  attack.  Some- 
times a  series  of  such  attacks  will  prolong  the 
illness  into  several  months.    Rarely  an  interval 


of  many  months  elapses  between  attacks.  Ulti- 
mate recovery  may  be  expected  as  a  rule,  but 
it  must  be  remembered  that  the  nephritis  may 
prove  fatal,  and  that  in  one  recorded  case  death 
occurred  from  perforation  of  the  stomach  on 
the  fourth  day  of  a  second  attack. 

(5)  Febrile  Purpura. — This  form  is  occasion- 
ally seen  in  young  children ;  it  is  most  common 
in  adolescents,  and  it  is  rare  after  the  age  of 
thirty.  Males  seem  to  be  more  affected  than 
females.  As  with  the  other  forms  of  purpura, 
no  constant  factor  can  be  detected  in  the  history 
of  the  patient  or  of  his  family. 

As  a  rule,  the  sudden  appearance  of  petechife, 
or  of  epistaxis,  or  of  oozing  from  the  gums, 
brings  the  patient  under  observation.  On  in- 
quiring it  is  sometimes  found  that  for  a  few 
weeks,  or  even  months,  the  patient  has  not 
been  in  good  health  ;  pallor,  loss  of  appetite,  and 
listlessness  being  noticeable.  Whether  such  a 
history  is  given  or  not,  it  will  generally  be  seen 
that  the  patient  is  already  extremely  pale.  In 
rare  instances  the  patient  has  been  previously 
subject  to  epistaxis,  and  he  may  even  have 
noticed  a  petechial  eruption  on  a  small  scale 
on  one  or  two  occasions  in  the  previous  year. 
Sometimes,  however,  the  onset  is  as  sudden  as 
in  any  specific  fever.  For  example,  a  telegraph 
boy,  whose  history  and  appearance  testified  to 
perfect  health,  was  seized  with  vomiting  and 
malaise  at  midday.  At  4  p.m.  he  was  obliged 
to  take  to  his  bed.  On  the  next  day,  without 
any  fresh  symptoms,  he  was  unfit  to  get  up. 
On  the  following  day  petechia;  appeared,  and 
death  took  place  in  twelve  days  from  the  onset. 

Whether  the  onset  is  sudden  or  gradual,  after 
the  appearance  of  the  first  ha3morrhagic  symptom 
the  illness  proceeds  rapidly  and  uniformly  to  a 
fatal  end.  The  petechia;  appear  in  crops  all 
over  the  body,  thickly  or  thinly,  showing  no 
characteristic  distribution.  Ecchymoses  are 
common.  Of  frequent  occurrence  are  tender, 
bluish-red  raised  patches,  an  inch  or  more  in 
diameter,  with  a  zone  of  bruising  around.  On 
such  a  patch  a  bulla  containing  clear  or  blood- 
stained serum  is  often  developed,  and  this  on 
breaking  gives  rise  to  an  ulcer  from  which  a 
thin  sanguineous  fluid  exudes.  Such  an  ulcer 
may  grow  deeper  by  progressive  necrosis  in 
spite  of  all  bactericidal  treatment. 

The  mouth  is  always  aff'ected  in  some  degree. 
Petechise  can  always  be  seen,  and  they  are  here 
apt  to  give  rise  to  small  grey-capped  ulcers. 
Large  sloughy  patches  are  generally  found 
inside  the  cheeks,  and  gangrene  of  the  gums 
at  one  or  more  spots  is  a  common  occurrence. 
Neither  of  these  phenomena  can  be  attributed 
to  previous  hsemorrhage.  Still  less  can  such 
an  explanation  be  offered  as  regards  a  progres- 
sive uncontrollable  sloughing  of  one  or  both 
tonsils  which  is  not  uncommonly  observed. 
Gangrenous  ulceration  has  been  known  to  aff'ect 
soft   palate,   epiglottis,   and   arytenoid  folds. 
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The  breath  is  generally  offensive,  and  it  may 
be  exceedingly  foetid.  The  submaxillary  glands 
are  usually  enlarged. 

Slight  continual  oozing  from  the  gums  is  a 
nearly  constant  symptom,  and  the  mouth  is 
unclean  from  the  presence  of  decomposing  clot. 
The  gums  are  pale  and  not  swollen.  Epistaxis 
is  common,  and  it  may  necessitate  plugging  of 
the  nostrils.  Retinal  hfemorrhages  are  often 
observed.  If  sickness  occurs,  as  is  often  the 
case,  the  vomit  may  contain  a  little  altered  blood, 
but  haemorrhage  from  the  gastro-intestinal  and 
urinary  tracts  is  often  entirely  absent,  and  it 
is  never  a  prominent  symptom.  Slight  albu- 
minuria may  appear,  probably  attributable  to 
the  anaemia,  and  systolic  murmurs  are  often 
developed  at  the  base  and  apex  of  the  heart 
from  the  same  cause.  Enlargement  of  the 
spleen  has  been  detected  by  percussion.  Joint- 
pains  may  be  complained  of  without  external 
evidence  of  inflammation.  The  bowels  are  apt 
to  be  loose. 

Pyrexia  is  always  a  striking  feature.  It  is 
often  present  when  the  patient  first  comes  under 
observation.  Sometimes,  however,  the  first  crop 
of  petechife  is  not  attended  by  a  rise  of  tempera- 
ture, and  in  such  cases  a  diagnosis  of  purpura 
simplex  may  be  made,  and  a  favourable  prognosis 
may  be  too  hastily  given.  The  temperature 
ranges  through  2  or  3  degrees  daily,  the  maxi- 
mum being  generally  at  least  103°,  sometimes 
104°  or  higher.  The  patient  sometimes  falls 
into  the  typhoid  state.  Often,  however,  he 
does  not  present  the  usual  febrile  aspect,  but 
he  is  extremely  pale  and  blanched,  while  the 
tongue  does  not  grow  dry,  and  is  often  surpris- 
ingly clean.  He  is  generally  sleepy,  but  when 
roused  the  mind  is  clear.  He  is  often  singularly 
hopeful,  and  even  when  death  is  near  may 
complain  of  nothing  but  faintness  and  weakness. 
The  blood  presents  no  change,  beyond  great 
diminution  of  red  cells.  Leucocytosis  is  slight 
or  absent.  The  red  cells  are  usually  at  least 
50  per  cent  below  the  normal,  and  sometimes 
much  below  this  point.  A  drop  to  390,000 
per  c.mm.  has  been  observed.  It  must  be  noted 
that  the  anaemia  is  often  quite  out  of  proportion 
to  the  loss  of  blood,  and  that  it  is  sometimes 
extreme  when  a  scanty  crop  of  petechiae  and 
a  little  oozing  from  the  gums  represent  the 
total  amount  of  haemorrhage.  Tlie  amount  of 
haemoglobin  falls  equally  with  the  number  of 
red  cells. 

The  real  duration  of  the  illness  can  hardly  be 
estimated,  but  death  commonly  occurs  during 
the  first,  second,  or  third  week  after  the 
patient  comes  under  treatment.  It  is  doubtful 
if  recovery  ever  takes  place.  The  immediate 
cause  of  death  is  generally  cardiac  failure. 

Morbid  Anatomy. — After  death  petechiae  are 
found  to  be  as  widely  distributed  inside  the 
body  as  on  the  skin.  In  many  cases  all  organs 
and  tissues   are   thickly  strewn  with  them. 


Sometimes  one  part  is  more  affected  than 
another,  but  the  serous  membranes  and  the 
heart  seldom  if  ever  escape.  The  whole  surface 
of  the  stomach,  and  large  tracts  of  the  intestine, 
may  be  reddened  with  innumerable  petechiae, 
which  sometimes  fuse  into  extensive  haemor- 
rhagic  patches,  especially  in  the  rectum.  The 
mesenteric  glands  are  generally  pink,  and 
slightly  swollen.  Haemorrhage  may  occur  into 
the  brain  tissue,  and  extravasations  are  often 
abundant  in  the  pia-arachnoid.  CEdema,  or 
broncho-pneumonia,  and  collapse  may  be  present 
in  the  lungs.  All  viscera,  as  a  rule,  are  exceed- 
ingly pale,  though  the  kidneys  after  death 
from  Henoch's  purpura  may  present  the  usual 
appearance  of  an  acute  nephritis.  The  heart- 
muscle  and  liver  are  soft  and  pale,  and  iron- 
containing  pigment  may  sometimes  be  demon- 
strated in  the  outer  zone  of  the  hepatic  lobules. 
After  death  from  febrile  purpura  the  spleen  is 
generally  found  to  be  enlarged.  In  one  case  it 
weighed  twenty-three  ounces.  The  marrow  in 
the  heads  of  the  long  bones  has  occasionally 
been  noted  as  puriform  in  appearance,  consist- 
ing almost  entirely  of  fat,  but  it  is  uncertain 
whether  this  change  is  of  common  occurrence. 

Microscopical  examination  shows  that  the 
haemorrhage  occurs  mainly  by  rupture  of  vessels, 
and  not  by  diapedesis,  though  the  latter  process 
may  play  some  part.  It  has  been  mentioned 
that  the  site  of  the  haemorrhage  is  generally  the 
lower  part  of  the  cutis.  In  horizontal  sections 
through  petechial  spots  the  remains  of  ruptured 
vessels  may  be  seen  among  the  extravasated 
corpuscles  in  the  form  of  streaks  of  connective 
tissue  and  endothelial  plates,  which  are  bent  to 
a  common  centre. 

Treatment.  —  In  symptomatic  purpura  no 
special  line  of  treatment  can  be  laid  down.  If 
it  occurs  in  association  with  specific  fevers  it 
usually  indicates  a  high  degree  of  toxaemia,  and 
so  far  as  possible  this  blood-state  and  its  effect 
on  the  heart  must  be  met.  In  the  other  cases 
it  is  sufficient  to  recognise  the  cause 

In  simple  purpura  little  is  required  beyond 
rest  in  bed  and  tonics,  among  which  arsenic  is 
to  be  preferred.  Great  care  must  be  taken 
from  the  outset,  in  view  of  the  fact  that  the 
early  stage  of  the  graver  forms  of  the  disease 
may  be  indistinguishable  from  a  simple  purpura. 
In  arthritic  purpura  anti-rheumatic  treatment 
may  be  adopted,  though  it  is  doubtful  if  the 
course  of  the  disease  is  thereby  shortened. 
Complete  and  prolonged  rest  in  bed  is  essential. 
In  Henoch's  form  opium  will  be  found  neces- 
sary. When  danger  arises  from  sheer  loss  of 
blood,  as  in  Werlhof's  disease,  the  indication 
for  treatment  is  plain,  but  the  result  is  dis- 
appointing. Calcium  chloride,  ergot  or  ergotin, 
sulphuric  acid,  acetate  of  lead,  or  turpentine 
may  be  tried,  with  but  little  result.  In  the 
febrile  form  little  can  be  done  beyond  com- 
bating the  cardiac  weakness  by  means  of  stimu- 
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lants,  strychnia,  and  inhalation  of  oxygen,  while 
attempts  must  be  made  to  check  any  necrotic 
tendency  in  the  mouth.  Neither  large  doses 
of  quinine  nor  injection  of  anti-streptococcic 
serum  have  any  influence  upon  the  tempera- 
ture, and  all  drugs  such  as  calcium  chloride 
and  arsenic  are  apparently  valueless. 

Purpuraemia.  See  Blackwatbr  Fever 
{Nomenda  ture ) . 

Purpurin.  —  A  pigment,  also  called 
uroerythrin,  which  gives  the  pink  colour  to 
urates ;  also  a  dye  (Cj^HgOj)  contained  in 
madder  (Bubia  tinctorum). 

Purring  Thrill.  —  A  trembling  sensa- 
tion felt  over  the  prsecordia  in  some  cases  of 
valvular  heart  disease. 

Pus.  See  Suppuration  ;  Appendix  Vermi- 
PORMis  {Aj^pendicitis,  Abscess) ;  Bone,  Diseases 
OF  {Osteomyelitis,  Local  Symptoms,  Suppura- 
tion) ;  Fluids,  Examination  of  Pathological 
{Pus) ;  Liver,  Tropical  Affections  of  {Tropical 
Abscess) ;  Nose,  Accessory  Sinuses,  Inflamma- 
tion OP  {Latent  Empyema,  Presence  of  Pus). 

Pustula,nt. — A  powerful  irritant,  such  as 
croton  oil,  which,  when  applied  to  the  skin, 
causes  acute  inflammation  accompanied  by  the 
formation  of  vesicles  and  pustules. 

Pustule,  Malignant.  >S'ee  Anthrax ; 
Malignant  Pustule. 

Pustules.  See  Eczema  ;  Prurigo  and 
Pruritus. 

Pustuloderma.— A  skin  disease  char- 
acterised by  the  formation  of  pustules. 

Putamen. — The  outer  or  basal  zone  of 
the  lenticular  nucleus  of  the  brain. 

Putrefaction.  See  Death,  Signs  of 
{Putrefaction) ;  Labour,  Retention  of  Placenta 
{Putrefaction  of  Retained  Fragments) ;  Medicine, 
Forensic  {Signs  of  Death,  Putrefaction) ;  Micro- 
organisms {Putrefaction) ;  Pregnancy,  Intra- 
uterine Diseases  and  Death  of  the  Fcetus 
{Putrefaction);  Pubrperium,  Pathology  {Puer- 
peral Infection,  Prophylaxis  and  Treatment). 

Putrescin.  —  A  poisonous  ptomaine, 
(C4H12N2)  produced  in  putrid  human  remains. 
See  Immunity  {Immunisation  tvith  Toxic  Filtrates 
of  Bacterial  Cultures) ;  Ptomaines  ;  Snake- 
Bites  AND  Poisonous  Fishes  {Putrefaction  of 
Fish);  Urine,  Pathological  Changes  in  {Ab- 
normal Nitrogenous  Constituents,  Diaminuria). 

Putrid  Fever.    See  Typhus  Fever. 

Putrid  Sore  Mouth.  See  Stomatitis 
{Ulcerative). 

Putty,  Horsley'S.    See  Brain,  Surgery 


of  {Trephining,  Operative  Details) ;  Horsley's 
Putty. 

Pysemia.  See  also  Actinomycosis  {Syn- 
onyms) ;  Bed-Sores  {Diagnosis) ;  Breath  {Odour) ; 
BnoNcmECTASis  {Cause  of  Death) ;  Chorea  (Pj'o^- 
nosis) ;  Colon,  Diseases  of  {Prognosis) ;  Hip- 
Joint,  Diseases  of  {Pyogenic  Diseases) ;  Kidney, 
Surgical  Affections  {Perinephritic  Abscess,  Sttp- 
purative  Pyelonephritis) ;  Knee-Joint,  Diseases 
OF  {Pyogenic  Diseases) ;  Larynx,  Affections  of 
Cartilages  {Perichondritis) ;  Leucocytosis  {In- 
fective Conditions) ;  Liver,  Tropical  Diseases 
{Abscess) ;  Malaria  {Diagnosis) ;  Meningitis, 
Epidemic  Cerebro-Spinal  {Diagnosis) ;  Micro- 
organisms ;  Nose,  Acute  Inflammation  {S^ip- 
purative  Rhinitis) ;  Pubrperium,  Pathology 
{Infection,  Pycemia) ;  Purpura  ;  Retina  (iiTcewio?-- 
rhages  in  Pycemia) ;  Septicemia  ;  Stomach, 
Diseases  of  {Infective  Gastritis) ;  Suppuration  ; 
Teeth  {Alveolar  Abscess) ;  Typhoid  Fever  {Diag- 
nosis) ;  Urethra,  Diseases  of  {Gonoi-rhoea). — 
The  terms  saprtemia,  septicaemia,  and  pysemia 
have  been  applied  to  various  degrees  of  severity 
of  blood-poisoning.  By  sapreemia  is  meant  the 
presence  in  the  blood  of  a  soluble  toxic  substance 
absorbed  from  a  focus  of  disease  on  one  of  the 
free  surfaces  of  the  body,  this  disease  being 
induced  by  pathogenic  bacteria.  Septicaemia 
means  the  presence  in  the  blood  not  only  of 
these  toxic  substances,  but  the  presence  in  that 
-jiuid  of  the  bacteria  themselves ;  only  rarely  can 
the  presence  of  these  bacteria  in  the  blood  be 
satisfactorily  demonstrated.  In  pyaemia  we 
have  a  further  grade  of  severity,  in  the  tendency 
to  secondary  infections  of  different  organs  and 
tissues — the  bacteria  passing  out  from  the 
circulation  into  the  tissues,  forming  local 
abscesses  at  the  site  of  deposit.  The  patho- 
logical appearances  induced  by  these  various 
degrees  of  infection  do  not  call  for  description 
here,  other  than  to  say,  that  every  grade  of 
severity  is  met  with,  from  the  simple  cloudy 
swelling  and  analogous  changes  in  the  special 
tissues  to  severe  suppuration  in  the  organs, 
serous  membranes,  and  other  tissues.  Clinically 
these  infections  may  be  acute  or  chronic.  As  a 
rule,  the  more  severe  types  of  septicsemia  and 
pyaemia  are  associated  with  some  definite  breach 
of  surface  on  the  skin  or  one  of  the  mucous 
surfaces  of  the  body.  As  illustrative  examples 
we  may  quote  septicaemia  or  pyaemia  resulting 
from  the  occurrence  of  sepsis  at  a  surgical 
operation,  or  during  the  management  of  labour. 
The  causes  of  this  systemic  infection  will  be 
found  described  in  various  articles  throughout 
this  work ;  see  especially  "  Pubrperium," 
"  Micro-Organisms,"  "  Bones,  Diseases  of."  It 
must  sufiice  to  say  here  that  in  many  cases  it 
is  found  that  these  infections  are  frequently 
found  to  be  due  to  the  pathogenic  action  of 
such  bacteria  as  bacillus  coli  communis,  staphy- 
lococcus  pyogenes   aureus,  and  streptococcus 
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pyogenes — bacteria  which  under  normal  circum- 
stances exist  in  the  body  as  saprophytes.  The 
practical  question  which  presents  itself  is  there- 
fore :  What  are  the  agencies  by  which  the 
tissues,  e.g.  of  the  alimentary  tract,  skin  surface, 
respiratory  tract,  etc.,  are  protected  from  the  in- 
jurious action  of  these  bacteria  ?  This  question 
is  a  most  important  one,  and  receives  much  less 
attention  than  it  merits.  Its  undoubted  com- 
plexity should  not  interfere  with  our  giving  it 
thoughtful  attention.  The  problems  of  general 
and  of  local  immunity  are  probably  the  most 
important  questions  in  present-day  medicine 
and  surgery ;  these  have  been  fully  discussed 
in  the  general  article  on  "  Immunity  "  in  an 
earlier  volume.  The  future  will  probably  show 
that  the  bone-marrow  function  calls  for  a 
much  closer  and  more  minute  investigation  in 
regard  to  the  problems  of  subacute  and  chronic 
septicEemia  and  pysemic  condition  (see  also 
"  Rheujiatism  "). 

Pya,rthrosiS. — The  presence  of  pus  in  a 
joint.    See  Joints,  Diseases  op  {Pyogenic). 

Pycno-. — In  compound  words  pycno-  or 
pyhio-  (Gr.  ttwvos,  firm  or  thick)  means  thick 
or  condensed  ;  e.g.  pycnophrasia  (thickness  of 
speech)  SuW^  pycnosis  (a  condensation  or  inspis- 
sation  of  an  organ  or  a  fluid). 

Pyeli'tiSa  —  Inflammation  affecting  the 
pelvis  and  calyces  of  the  kidney  (Gr.  ttu'cAos,  a 
vessel  or  trough).  See  Bladder,  Injuries  and 
Diseases  of  {Chronic  Cystitis,  Diagnosis) ;  Kid- 
ney, Surgical  Affections  of  {Floating  Kidney, 
Kidney  Injuries,  Pyelitis,  Stone) ;  Liver,  Tropi- 
cal Abscess  {Diagnosis) ;  Malaria  {Diagnosis) ; 
Typhoid  Fever  {Complications,  Pyelitis). 

PyelO-. — In  compound  words  pyelo-  (Gr. 
ttu'eXos,  a  vessel)  means  relating  to  the  pelvis  of 
the  kidney ;  e.g.  pyelocystitis  (inflammation  of 
the  bladder  and  of  the  pelvis  of  the  kidney) 
and  pyelolithotomy  (removal  of  a  calculus  by 
incision  into  the  pelvis  of  the  kidney). 

Pyelonephritis.  See  Kidney,  Surgi- 
cal Affections  op  {Suppurative  Pyelonephritis), 

Pyeiotomy. — Incision  into  the  pelvis  of 
the  kidney.  See  Kidney,  Surgical  Affections 
of  {Opjerative  Procedures). 

PygO-. — In  compound  words  pygo-  (Gr. 
TTvyrj,  the  buttocks  or  rump)  means  relating  to 
the  gluteal  region  or  breech,  e.g.  pygomelus  (a 
teratological  type  of  double  monster  in  which 
one  or  two  rudimentary  limbs  are  attached  to 
the  gluteal  region  of  the  autosite). 

PygfOpa.g'US.  —  A  double  monster  con- 
sisting of  two  individuals  united  by  the  sacrum 
and  coccyx.    See  Teratology  {Double  Monsters). 

Pykno-.    See  Pycno-. 


Pyie-.  —  In  compound  words  pyle-  (Gr. 
TTvX-r],  a  gate  or  port)  means  relating  to  the 
portal  vein,  e.g.  pylephlehectasis  (dilatation  of  the 
portal  vein). 

Pylephlebitis.  —  Inflammation  of  the 
portal  vein.  See  Appendix  Vermipormis  {Ap- 
pendicitis.  Results) ;  Gall-Bladder  and  Bile 
Ducts,  Diseases  of  {Cholangitis) ;  Liver,  Tropi- 
cal Abscess  of  {Diagriosis) ;  Liver,  Diseases 
of  {Pylephlebitis,  Portal  Thrombosis). 

PylethrombOSiS. — Thrombosis  of  the 
vena  portfe.  See  Liver,  Diseases  of  {Pyle- 
2)hlebitis,  Portal  Thro7nbosis). 

Py  logos  in,  Leber's.  See  Suppura- 
tion {Bacterial  Products). 

Pylor-. — In  compound  words  pylor-  (Gr. 
TrvXtDpos,  a  gate-keeper)  means  relating  to  the 
pylorus. 

Pylora.lg'ia.. — Pain  in  the  pyloric  end  of 
the  stomach. 

Pylorectomy. — Excision  of  the  pylorus. 
See  Stomach,  Surgical  Affections  of  {Ope7-a- 
tions  on  the  Stomach,  Resection  of  the  Pyloric 
Segment) ;  Stomach  and  Duodenum,  Diseases 
op  {Treatment  of  Dilatation  of  the  Stomach, 
Surgical). 

Pyloric.  —  Relating  to  the  pylorus  ;  e.g. 
the  pyloric  orifice,  artery,  plexus,  and  vein. 
See  Stomach  and  Duodenum,  Diseases  op 
{Anatomy). 

PylorOCleisiS.  —  Obstruction  of  the 
pylorus. 

PylorodiOSiS.  — Mechanical  stretching 
and  dilatation  of  the  pylorus.  See  Stomach, 
Surgical  Affections  of  {Operations). 

Pyloroplasty.  —  Plastic  surgery  as 
applied  to  the  pylorus.  See  Stomach,  Surgical 
Affections  of  {Operations). 

Py  I O  ro  ptOS  i  S. — Downward  displacement 
of  the  pyloric  end  of  the  stomach.  See  Indi- 
gestion {Symptoms). 

Py  I  oroS  p£lS  m . — Spasmodic  contraction 
of  the  pyloric  end  of  the  stomach. 

Py  I O  restenosis.  —  Constriction  or 
stenosis  of  the  pylorus. 

Pylorus.  See  Gall-Bladder  and  Bile 
Ducts,  Diseases  op  {Tumours  of  the  Gall- 
Bladder,  Diagnosis);  Gastro-Intestinal  Dis- 
orders of  Infancy  {Congenital  Hypertrophy 
of  the  Pylorus) ;  Liver,  Diseases  op  {Acquired 
Deformities,  Constriction  Lobe,  Diagnosis); 
Stomach  and  Duodenum,  Diseases  of  {Anatomy, 
Morbid  Anatomy,  General  and  Special  Symptom- 
atology); Stomach,  Surgical  Affections  of 
{Pyloric  Obstruction,  Cancer,  etc.). 
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PyO-. — In  compound  words  j)yo-  (Gr.  ttws, 
pus,  or  the  first  milk)  means  relating  to  pus ; 
e.g.  pyocenosis  (discharge  of  pus),  pyocyte  (a 
pus  corpuscle),  pyopericardiuni  (pus  in  the 
pericardium),  2'>!/opoiesis  (pyogenesis),  pyori'hoea 
(a  purulent  discharge),  pyoscheocele  (a  suppurat- 
ing scrotal  hernia),  etc. 

PyOCya.nin. — A  blue  colouring  matter 
(Cj^Hj^NO.,)  derived  from  blue-coloured  pus 
(bacillus  pyocyaneus),  becoming  yellow  on 
oxidation  {pyoxanthose).  See  Fluids,  Patho- 
logical Examination  of  {Pus)  ;  Pigments  of 
THE  Body  and  Excreta  {Bacterial  Pigments, 
Pyocyanin). 

PyodermitiS. — A  skin  disease  charac- 
terised by  the  production  of  pus.  See  Skin, 
Bacteriology  of  {Pyodermia). 

PyOgrenesiS.  —  The  formation  of  pus; 
pus-forming  bacteria  are  termed  pyogenic.  See 
Bladder,  Injuries  and  Diseases  op  {Inflamma- 
tion, Causes) ;  Knee-Joint,  Diseases  of  {Ttiber- 
culous  Disease,  Formation  of  Abscesses). 

Pyohaemothorax.  —  The  accumula- 
tion of  pus  and  blood  in  the  pleural  cavity. 

Pyoktanin. — Methyl  violet  and  methy- 
lene blue  have  both  been  called  pyoktanin  (from 
their  antiseptic  properties),  and  have  been  used 
for  antiseptic  purposes  in  cystitis,  diphtheria, 
conjunctivitis,  etc. 

Pyometra* — The  presence  of  pus  in  the 
uterine  cavity.  See  Uterus,  Malignant  Tu- 
mours OF  {Cancer  of  Cervix,  Results,  Retention  of 
Secretion). 

Pyonephrosis. — The  presence  of  pus  in 
the  pelvis  (and  substance)  of  the  kidney.  See 
Ascites  {Distinction  from  other  Conditions) ; 
Kidney,  Surgical  Affections  of  {Movable 
Kidney,  Perinephritis,  Pyonephrosis) ;  Uterus, 
Non-malignant  Tumours  of  {Fibroids,  Compli- 
cations). 

PyophthalmuS.— A  collection  of  pus 
within  the  eyeball. 

Pyopneumothorax.  — The  presence 
of  pus  and  air  in  the  pleural  cavity.  See  Dia- 
phragm, Surgical  Affections  of  {Inflammatory, 
Subphrenic  Abscess,  Diagnosis) ;  Pleura,  Dis- 
eases OF  {Pnethmothorax). 

Pyorrhoea. — A  purulent  discharge.  See 
H^matemesis  {Causes) ;  Mouth,  Injuries  and 
Diseases  of  Jaw  {Chronic  Suppuration,  Pyor- 
rhoea Alveolaris)  ;  Teeth  {Pyorrhoea  Alveolaris). 

PyOSalpinx. — The  presence  of  pus  in 
the  Fallopian  tube  {salpinx).  See  Fallopian 
Tubes  {Purulent  Salpingitis)  ;  Gonorrhceal 
Infection  {Complications) ;  Menstruation  and 
its  Disorders  {Menorrhagia  and  Dysmenorrhoea, 


Causes) ;  Pelvis,  Hematocele  and  H^ematoma 
{Diagnosis). 

PyOSCOpe. — An  instrument  for  estimat- 
ing the  richness  of  milk  in  cream  (Gr.  ttvo's,  the 
first  milk,  or  colostrum). 

Pyothorax. — Pus  in  the  pleural  cavity  ; 
empyema.  See  Pleura,  Surgical  Affections 
OF  {Empyema). 

Pyoxanthose  or  Pyoxanthin.— 

A  yellow  pigment  found  in  pus,  derived  from 
pyocyanin  {q.v.). 

Py  ram  id. — The  term  applied,  in  Anatomy, 
to  various  structures  in  the  body  (belonging  to 
the  kidney,  nervous  system,  etc.)  which  have 
the  pyramidal  form ;  e.g.  the  pyramids  of  Mal- 
pighi  and  of  Ferrein,  and  the  pyramids  of  the 
medulla. 

PyramidaliS.  —  The  name  given,  in 
Anatomy,  to  certain  muscles  having  a  pyramidal 
form,  such  as  the  pyramidalis  abdominis  and 
the  pyramidalis  nasi. 

Pyrenaemia. — The  state  of  the  blood  in 
which  the  red  corpuscles  have  nuclei  (Gr.  Trvpijv, 
a  kernel  or  nucleus). 

Py  renin. — A  modification  of  the  karyo- 
plasm  (modified  protoplasm)  of  the  nucleus  of 
the  cell. 

Pyrethri  Radix.— Pellitory  root  or 

pyrethrum,  the  dried  root  of  Anacyclus  p)yreth- 
rum,  causes  in  the  mouth  a  burning  or  pricking 
sensation  followed  by  the  secretion  of  saliva ;  it 
consists  of  inulin  and  volatile  oils  and  resins ; 
there  is  an  official  preparation,  the  tinctura 
pyrethri ;  and  the  drug  is  sometimes  added  to 
tooth-powders. 

Pyretic. — Febrile  (Gr.  mp^TO';,  burning 
heat) ;  the  term  is  more  familiar  in  the  word 
antipyretic. 

PyretO-. — In  compound  words  ^yreio-  (Gr. 
TTvpeTos,  burning  heat)  means  febrile  or  relating 
to  fever ;  e.g.  pyretogenesis  (the  production  of 
fever),  pyretology  (the  science  of  fevers). 

Pyrexia. — Fever,  or  the  febrile  state  (Gr. 
TTvpecrau),  I  am  feverish).  See  Abortion  {Causes) ; 
Alcohol  {Indications) ;  Anemia,  Pernicious 
{Symptoms,  Temperatim-e) ;  Children,  Clinical 
Examination  of  {Temperature,  Pyrexia);  Heart, 
Affections  of  Myocardium  and  Endocardium 
{Etiology,  Thermal) ;  Invalid  Feeding  {Food  in 
Pyrexial  States) ;  Joints,  Diseases  of  {Tuber- 
ciilo^is  Disease,  Pyrexia) ;  Lung,  Tuberculosis 
OF  {Constitutional  Symptoms) ;  Pediculosis 
{Pediciilosis  Corporis,  Symptoms) ;  Pulse  {Char- 
acters in  Pyrexia) ;  Rheumatism  in  Children 
( Nervous  Affections,  Hyperpyrexia) ;  Suppuration 
{Symptoms,  Constitutional,  Pyrexia) ;  Typhoid 
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Fever  (Symptoms) ;  Undulant  Fever  {Symp- 
toms, Pyrexia). 

Pyridine.    See  Alkaloids  {Pyridin), 

Pyriform  or  Pyriformis.  —  Pear- 
shaped  ;  e.g.  the  pyriform  lobe  (lobus  pyriformis) 
of  the  brain,  the  pyriformis  muscle  and  fascia, 
etc.  See  Physiology,  Neuro-muscular  Mechan- 
ism {Cerehru7n). 

Pyrmont.  See  Balneology  {Germany, 
Chalybeate  Waters);  Mineral  Waters  {Chaly- 
beate). 

Pyro-. — In  compound  words  joyro-  (Gr.  Trvp, 
fire)  is  a  prefix  signifying  relating  to  heat  or 
produced  by  the  agency  of  heat ;  e.g.  pyroacetic 
ether  (acetone  formed  by  the  dry  distillation  of 
acetates),  pyrogenesis  (the  generation  of  fever), 
pyroligneoihs  acid  (pyroacetic  acid  obtained  by 
the  dry  distillation  of  wood),  jyyroarsenates,  etc. 

PyrOCa,tecllin.  —  Ortho-dihydroxyben- 
zene  (CgHgO.,),  a  substance  obtained  by  the  dry 
distillation  of  catechu ;  it  has  been  used  as  an 
antipyretic  (dose,  1  to  2  grains),  and  it  is  some- 
times found  in  the  urine.  See  Urine,  Patho- 
logical Changes  in  {Aromatic  Substances,  Ether- 
eal Sulphates). 

Pyrodin. — A  coal-tar  derivative  consisting 
chiefly  of  hydracetin  or  acetylphenylhydrazine 
(CgH5.C2H30.N2H.2) ;  it  has  been  used  as  an 
antipyretic  (dose,  ^  to  3  grains)  and  in  psoriasis. 

PyrOg^aliiC  Acid. — Acidum  pyrogalli- 
cum  or  trioxybenzol  or  pyrogallol  (CgHgOj)  is  a 
non-official  preparation,  obtained  from  gallic  or 
tannic  acid  by  heat ;  it  is  used,  in  the  form  of 
an  ointment  {Jarisch's),  in  cases  of  chronic  psori- 
asis and  in  ringworm.  See  Jarisch's  Ointment  ; 
Psoriasis  ;  etc. 

Pyrog'a.llOl.    See  Pyrogallic  Acid. 

Pyroma.nia.. — Incendiarism  due  to  in- 
sanity. See  Insanity,  Nature  and  Symptoms 
{Impidsiveness) . 

PyropllObia.. — An  insane  dread  of  fire. 
See  Insanity,  Nature  and  Symptoms  {Impulsive- 
ness). 

PyrOSa,!. — Salicylacetate  of  antipyrin,  an 
antipyretic  drug,  recommended  in  fever  and 
neuralgia  (dose,  8  grains). 

Pyrosis. — Waterbrash  or  heartburn.  See 
Stomach  and  Duodenum,  Diseases  op  {General 
Symptomatology,  Eructations). 

PyrOSOma.. — One  of  the  htEmosporidia  ; 
the  pyrosoma  bigeminum  is  the  cause  of  Texas 
fever.  See  Malaria  {History) ;  Parasites  {Pro- 
tozoa, Hcemosporidia). 

PyrotOXin.  See  Temperature  {Causes 
of  Fever). 


Pyroxylin.  —  Di  nitrocellulose 
(CgHg(N02)205),  is  cotton-wool  which  has  been 
soaked  in  a  mixture  of  sulphuric  and  nitric 
acids  and  dried.  See  Collodion  ;  Gossypium  ; 
etc. 

PyrrllOi.  See  Physiology,  Protoplasm 
{Products  of  Decomposition,  Pyrrhol  Derivatives). 

Pyuria. 

Gross  Physical  Characters  .       .       .  448 

Examination  of  the  Urine    .       .       .  449 

Diagnosis  of  Origin      ....  449 

See  also  Children,  Clinical  Examination  op 
{Urine,  Pyuria);  Kidney,  Surgical  Affections 
OP  {Stone  in  the  Kidney,  Symptoms) ;  Liver, 
Tropical  Abscess  of  {Prognosis  from  Pus  in  the 
Urine). 

The  appearance  of  pus  in  the  urine,  like  the 
presence  of  blood,  is  a  symptom  of  many 
diff"erent  lesions  in  the  urinary  tract.  It  may 
emanate  from  any  portion  of  the  apparatus,  or 
may  gain  an  entrance  to  it  from  neighbouring 
parts.  Pus  appears  in  amounts  to  be  appreci- 
ated by  the  microscope  only,  or  it  may  escape 
in  very  large  quantities,  so  as  to  form  a  con- 
siderable bulk  of  the  evacuation.  It  is  necessary 
to  remark  here  upon  the  methods  used  in  the 
detection  of  pus,  and  the  means  employed  to 
distinguish  it  from  other  urinary  deposits. 

The  gross  physical  characters  of  pus  vary 
considerably.    It  may  be  present  in  an  acid 
urine  in  small  quantity,  when  it  deposits  as  a 
slight  cloud  at  the  bottom  of  the  test  glass ;  it 
may  be  mixed  with  mucus,  and  elude  detection 
except  by  the  microscope ;  when  abundant  and 
in  an  alkaline  urine  it  may  form  a  copious 
yellowish  white  creamy  sediment,  or  it  may  be 
curdy  and  contain  flakes.    The  appearance  of 
pus  is  only  a  sign.    It  is  not  the  physical  pro- 
perties of  the  pus  that  is  of  importance,  but 
rather  the  bacteriological  conditions  which  are 
associated  with  its  presence,  and  unfortunately 
the  former  afford  no  clue  to  the  latter.  Besides 
detecting  the  presence  of  pus  in  the  urine  the 
clinical  observer  must  determine  the  micro- 
organisms giving  rise  to  the  formation  of  the 
discharge.    By  the  microscope  alone  the  presence 
of  bacteria  may  be  demonstrated,  but  in  order 
to  reveal  their  identity  cultivations  are  necessary, 
and  perhaps  these  methods  may  require  to  be 
supplemented  by  inoculation  experiments  upon 
animals.    The  detection  of  pus  in  the  urine  is 
seldom  of  itself  sufficient  to  guide  the  surgeon 
to  a  conclusive  diagnosis,  although  by  it  alone 
information  may  be  obtained  to  assist  him  con- 
siderably in  his  inquiry.    But  when  the  special 
characters  of  the  pus  are  studied  in  conjunction 
with  the  cii'cumstance  attending  its  escape,  and 
in  view  of  the  general  features  of  the  case,  little 
difficulty  will  be  experienced  in  discovering  the 
nature  and  position  of  the  morbid  lesion. 
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Examination  of  the  Urine. — The  appearance 
imparted  by  the  addition  of  pus  varies  according 
to  the  quantity  present,  and  the  character  of 
the  other  morbid  constituents  in  the  urine. 

In  cases  where  the  pyuria  is  due  to  septic 
lesions  of  the  kidney  only,  the  pus  appears  as  a 
thick,  opaque,  creamy  sediment,  which  on 
standing  is  rapidly  and  almost  completely  pre- 
cipitated from  an  acid  urine ;  the  supernatant 
fluid  is  comparatively  clear,  is  free  from  mucus, 
and  does  not  decompose  rapidly.  On  the  other 
hand,  where  the  pus  is  derived  from  the  bladder 
alone,  or  in  conjunction  with  a  renal  lesion,  pus 
is  not  deposited  quickly ;  when  it  falls  it  is 
precipitated  along  with  glairy  mucus,  the  urine 
in  which  it  remains  partly  suspended  is  alkaline, 
and  decomposition  often  begins  before  the  urine 
escapes  from  the  bladder.  The  time  at  which 
the  pus  appears  in  the  stream  should  be  ascer- 
tained if  possible.  The  appearance  of  pus  at 
the  beginning  of  micturition,  during  the  whole 
flow,  or  at  the  end  of  the  act  only,  lends 
additional  significance  to  the  symptom.  The 
precaution  to  ascertain  the  moment  at  which 
morbid  constituents  appear  in  the  stream  has 
already  been  referred  to  in  connection  with 
hsematuria.  Sir  Henry  Thompson,  in  his 
Clinical  Lectures  on  Diseases  of  the  Urinary 
Organs,  8th  edition,  pages  12  and  452,  gives 
the  following  valuable  suggestions: — "When- 
ever you  want  a  specimen  from  your  patient  to 
examine,  do  not  tell  him  to  send  you  a  bottle  of 
it  passed  in  the  usual  way,  or  you  will  get  a 
mixture  often  of  doubtful  value.  What  you 
require  is  the  secretion  of  the  kidneys,  plus 
only  anything  there  may  be  in  the  bladder ; 
but  you  also  have  to  avoid  the  presence  in  it 
of  any  secretion  which  originated  in  the  urethra. 
Make  a  point  of  demanding  that  the  patient 
should  first  pass  two  or  three  tablespoonfuls 
through  the  urethra,  so  as  to  sweep  out  what- 
ever may  happen  to  be  there  (which  may  be 
thrown  away,  or  be  put  into  a  separate  bottle), 
after  which  you  will  get  a  pure  specimen  for 
examination — at  any  rate  one  of  which  you  will 
know  the  source.  You  will  have  the  renal 
secretion,  plus  only  whatever  deposit  may  be 
produced  in  the  bladder.  Suppose  the  patient 
has  gleet  or  chronic  prostatitis,  there  will  then 
be  a  quantity  of  muco-purulent  matter  in  the 
urethra.  If  all  this  be  carried  into  one  vessel 
with  the  urine,  how  will  you  determine  the 
different  products,  and  decide,  by  the  eye  or 
by  the  microscope,  what  has  come  from  the 
urethra,  what  from  the  prostate,  and  what 
from  the  kidneys  1  You  cannot  do  it ;  but  if 
you  get  rid  of  the  source  of  error  by  flushing 
the  urethra,  so  to  speak,  that  is,  by  passing  the 
first  two  or  three  tablespoonfuls  into  a  wine- 
glass, while  all  that  follows  is  passed  into  a 
separate  vessel,  such  as  a  tumbler,  you  will 
have  in  the  latter  a  sample  of  urine  that  can 
be  relied  upon  for  examination. 
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"  The  necessity  for  avoiding  admixture  of 
urethral  products  with  urine,  in  order  to  ensure 
a  pure  specimen,  has  been  enjoined,  and  the 
mode  of  attaining  the  object  by  the  use  of  two 
glasses.  It  is  sometimes  quite  as  essential  to 
avoid  its  admixture  with  products  of  the  bladder. 
And  it  is  not  possible  to  make  an  absolute 
diagnosis  in  some  few  exceptional  cases  with- 
out following  the  method  in  question.  When, 
therefore,  it  is  essential  to  obtain  a  pure  speci- 
men of  the  renal  secretion  free  from  the  presence 
of  vesical  products,  I  pass  a  soft  flexible  catheter, 
of  medium  size,  into  the  bladder,  the  patient 
standing,  draw  ofi^  all  the  urine,  carefully  wash 
out  the  viscus  by  repeated  small  injections  of 
warm  water,  and  then  permit  the  urine  to  pass, 
as  it  will  do,  guttatim,  into  a  test-tube,  or  other 
small  glass  vessel,  for  purposes  of  examination. 
The  bladder  ceases  for  a  time  to  be  a  reservoir ; 
it  does  not  expand,  but  is  contracted  round 
the  catheter,  and  the  urine  percolates  from 
the  ureters  direct.  The  ureters  are  virtually 
lengthened  as  far  as  to  the  glass.  Thus  is 
obtained  a  specimen  which,  for  appreciating 
albumin,  for  determining  reaction,  and  for 
freedom  from  vesical  pus  and  even  blood,  and 
from  cell-growths  of  vesical  origin,  is  of  con- 
siderable value,  and  has  sometimes  furnished 
me  with  the  only  data  previously  wanting  to 
accomplish  an  exact  diagnosis." 

The  clinical  significance  of  pyuria  in  many 
respects  resembles  that  of  hsematuria,  but  differs 
from  it  in  so  far  that  an  accurate  diagnosis  of  the 
portion  of  the  urinary  tract  from  which  the  pus 
comes  is  more  difficult  to  make. 

Diagnosis  of  Origin 

Pus  from  the  urethra,  as  in  hfematuria  from 
the  same  situation,  escapes  independently  of 
micturition,  or  is  only  mixed  with  the  first 
few  drops  of  urine ;  in  fact,  together  with 
the  presence  of  pain  in  the  region,  is  usually 
sufficient  to  determine  its  origin.  In  such  in- 
stances the  quantity  of  pus  is  usually  small  and 
appears  in  flakes  or  threads.  These  are  casts 
of  ducts  leading  into  the  urethra,  or  threads  of 
pus  and  macerated  epithelium  from  granular 
patches  swept  away  in  the  first  portion  of  the 
stream.  These  urethral  casts  or  shreds  must 
not  be  mistaken  for  somewhat  similar  discharge 
occasionally  observed  in  tuberculosis  of  the 
urinary  tract.  When  urethral  in  origin  they 
can  be  expressed  from  the  canal  before  and 
after  micturition.  When  the  inflammation  is 
situated  in  the  posterior  part  of  the  urethra  it 
may  give  rise  to  vesical  irritation  and  some 
difficulty  to  micturition.  The  diagnosis  can 
generally  be  cleared  up  by  pressure  upon  the 
urethra  in  the  perineum  or  rectum  towards  the 
end  of  micturition  when  pus  is  found  to  exude. 

It  is  otherwise  in  catarrh  of  the  bladder,  in 
which  case  the  pus  only  escapes  mixed  with  the 
urine,  is  more  or  less  abundant,  and  is  accom- 
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panied  by  a  number  of  large  vesical  epithelial 
cells.  Vesical  catarrh  is  generally  associated 
with  considerable  pain  on  micturition  and  in- 
ability to  retain  urine  for  any  length  of  time. 
A  small  quantity  of  pus  in  an  acid  urine  is  not 
necessarily  of  much  significance,  as  it  may  be 
due  to  the  slight  catarrh  seen  so  frequently  in 
uterine  and  ovarian  disease,  but  it  may  also  be 
one  of  the  earlier  symptoms  of  tuberculosis. 
When  the  irritation  is  more  severe,  and  especi- 
ally when  due  to  the  action  of  micro-organisms, 
not  only  is  the  quantity  of  pus  increased,  but 
much  mucus  may  be  secreted.  So  long,  how- 
ever, as  decomposition  does  not  occur,  the  pus 
and  mucus  separate  as  distinct  deposits  on 
standing,  but  if  the  urine  becomes  alkaline 
before  evacuation  the  pus  becomes  thick  and 
glairy,  and  remains  suspended  along  with  the 
mucus.  To  establish  the  fact  that  there  is 
cystitis  is  not  sufficient ;  the  cause  of  the  altered 
condition  must  be  determined,  and  this  may  be 
done  by  a  cystoscopic  examination. 

If  it  has  been  ascertained  that  there  is  no 
primary  urethral  lesion  and  no  disease  of  the 
bladder,  neither  inflammation  nor  suppuration 
of  the  prostate,  no  pelvic  or  other  abscesses 
opening  into  the  urinary  tract,  then  we  must 
proceed  to  inquire  whether  the  pus  is  proceeding 
from  one  or  from  both  ureters.  This  may  be 
done  by  inspecting  the  bladder  with  the  cysto- 
scope  or  by  catheterising  the  ureters. 

Having  discovered  that  pus  is  flowing  with 
the  urine  from  the  ureters,  the  next  point  to 
clear  up  is  the  nature  of  the  renal  lesion.  The 
most  important  diseases  of  the  kidney  which 
are  characterised  by  pyuria  are  pyelitis,  pyo- 
nephrosis, with  or  without  calculus,  suppurative 
nephritis,  tubercular  disease,  and  cystic  disease 
when  the  cyst  has  suppurated. 

The  question  may  now  be  asked  :  Is  there, 
by  observing  the  urine,  any  means  of  dis- 
tinguishing one  form  of  renal  pyuria  from 
another?  To  some  extent  the  microscopical 
appearance  of  the  corpuscles  may  serve  as  a 
guide.  When  the  pus-cells  are  round,  well- 
developed,  the  contents  of  the  corpuscles  clear, 
and  on  addition  of  acetic  acid  show  well-marked 
nuclei,  the  presumption  is  that  they  are  of 
recent  origin  and  have  formed  on  a  mucous 
surface.  But  if  the  cells  contain  a  considerable 
quantity  of  finely  granular  particles,  which 
impart  a  cloudy  appearance  to  the  protoplasm, 
if  the  cell-wall  be  irregular  and  ill-defined,  and 
the  nuclei  few  in  number  and  small  in  size,  the 
suppuration  is  probably  deep  seated  and  due 
to  chronic  inflammation. 

When  pyuria  is  a  consequence  of  inflamma- 
tion of  the  pelvis  and  calices  of  the  kidney,  being 
mixed  with  an  acid  urine,  the  pus  on  standing 
usually  precipitates  rapidly,  separates  clearly 
from  the  supernatant  fluid,  and  if  the  inflamma- 
tion be  very  acute,  or  if  a  calculus  be  present, 
the  pus  may  occasionally  be  mixed  with  blood. 


A  careful  record  must  be  kept  not  only  of  the 
relative,  but  also  of  the  absolute  quantity  of 
pus,  as  sudden  and  marked  variation  in  the 
amount  is  one  of  the  most  certain  indications  of 
partial  or  complete  obstruction  of  the  ureter 
from  which  the  pus  is  flowing.  If  the  dis- 
appearance of  pus  from  the  urine  be  associated 
with  increase  in  the  lumbar  swelling,  then 
followed  by  the  sudden  escape  of  a  large  quantity 
of  purulent  urine  coincident  with  a  subsidence 
of  the  swelling,  then  it  is  clear  that  the  ureter 
has  been  blocked  for  a  time  and  its  patency 
restored. 

As  the  result  of  calculous  pyelitis,  prior  to 
the  appearance  of  pus,  the  urine  is  usually 
observed  to  contain  an  abundant  quantity  of 
mucus,  which  forms  a  bulky,  tenacious  mass. 
So  long  as  the  urine  remains  acid  the  mucus  is 
readily  deposited  from  the  urine.  This  is  especi- 
ally the  case  when  the  calculus  is  composed  of 
oxalate  of  lime.  Before  pyuria  is  observed 
microscopic  examination  of  the  deposit  may 
demonstrate  the  presence  of  large  spheroidal 
granular  cells,  degenerated  epithelium,  and  a 
few  blood  corpuscles.  When  the  pyelitis,  which 
in  the  early  stage  is  simply  the  result  of 
mechanical  irritation,  has  existed  for  some  time, 
the  quantity  of  pus  increases  and  the  mucus 
disappears.  So  long  as  the  urine  remains  acid 
and  no  vesical  disturbance  arises,  micturition  is 
not  unduly  frequent,  and  the  urine  has  not  an 
off'ensive  odour.  But  if  there  be  frequent  or 
considerable  accumulations  in  the  pelvis  of  the 
kidney  as  a  result  of  obstruction,  the  fluid  so 
retained  is  liable  to  septic  infection  ;  and  if  the 
organisms  have  the  property  of  decomposing 
urea,  the  urine  rapidly  becomes  alkaline  and 
glairy,  has  an  offensive  odour,  and  is  in  almost 
all  respects  similar  to  the  urine  in  cystitis. 

When  suppurative  nephritis  arises  as  a  com- 
plication of  the  retention  of  decomposing  urine, 
or  as  a  sequence  to  a  chronic  pyelitis,  the 
course  of  the  disease  is  usually  very  rapid,  and 
the  diagnosis  is  not  difficult.  The  history  of 
some  obstruction  to  the  flow  of  urine  is  usually 
found,  whether  it  be  from  stricture  of  the 
urethra,  enlarged  prostate,  atony  of  the  bladder, 
vesical  calculus,  tumours  of  the  bladder,  tuber- 
culosis, disease  of  the  spine,  or  other  cause  by 
which  the  bladder  is  kept  in  a  distended  state 
and  its  contents  rendered  liable  to  decomposition. 

When  decomposition  of  urine  in  the  pelvis  of 
the  kidney  occurs,  pyelonephritis  soon  manifests 
itself,  sometimes,  but  not  usually,  by  severe 
pain  in  the  loins,  aggravated  by  pressure  upon 
the  abdominal  walls  over  the  kidney.  Although 
pain  in  the  renal  region  is  rare,  the  patient 
suffers  from  spasm  at  the  neck  of  the  bladder 
and  pain  along  the  tract  of  the  ureter. 

The  urine  does  not  present  any  characters  of 
diagnostic  value  as  regards  the  situation  of  the 
lesion,  and  varies  much  according  to  the  indi- 
vidual case.    When  the  inflammation  primarily 
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involves  the  pelvis,  and  has  spread  rapidly  from 
it  to  the  kidney  tissue,  the  urine,  although 
purulent,  remains  acid  for  some  time,  and  is 
less  abundant  than  normal.  The  urine  may, 
however,  present  the  characters  indicative  of 
chronic  Bright's  disease,  namely,  polyuria  and 
albuminuria,  with  diminution  in  the  quantity 
of  urea  and  the  presence  of  tube  casts. 

Pyelonephritis  is  usually  the  result  of  an 
unhealthy  state  of  the  bladder.  Consequently 
in  that  disease  the  urine,  although  it  may  be 
acid  when  it  escapes  from  the  ureter,  becoming 
mixed  with  the  contents  of  the  bladder  decom- 
poses, is  passed  alkaline,  has  an  offensive  odour, 
and  contains  a  large  quantity  of  mucus,  epi- 
thelium, pus,  and  triple  phosphates.  When 
there  are  no  acute  or  chronic  organic  changes 
in  the  kidney,  the  quantity  of  albumin  is  regu- 
lated by  the  amount  of  pus  or  blood  ;  but,  as 
not  infrequently  chronic  Bright's  disease  also 
exists,  there  is  an  albuminuria  independent  of 
these  constituents,  so  that  no  proportionate 
relationship  exists  between  the  amount  of  pus 
or  blood  and  the  quantity  of  albumin. 

The  diagnosis  of  pyelonephritis  from  sup- 
purative nephritis  must  rest  largely  upon  a 
careful  consideration  of  the  etiological  facts  of 
the  case.  The  constitutional  symptoms  of  the 
two  diseases  are  practically  the  same.  In  the 
former,  however,  pyuria  precedes,  in  the  latter 
it  succeeds  the  other  symptoms.  If  the  abscess 
in  the  kidney  ruptures  externally,  or  forms  a 
perinephritic  abscess  throughout  the  course  of 
the  case,  pus  may  not  appear  in  the  urine ;  but 
should  the  abscess  attain  a  considerable  size,  and 
rupture  into  the  pelvis,  ureter,  or  bladder,  the 
sudden  appearance  of  a  large  quantity  of  pus 
in  the  urine  may  clear  up  the  diagnosis. 

In  pyonephrosis  there  is  evidence  both  of 
suppuration  and  of  obstruction.  In  some  cases 
suppuration  precedes  the  obstruction  ;  in  others, 
the  opposite  sequence  of  events  occurs,  as  when 
a  hydronephrosis  becomes  inflamed,  while  in  a 
third  class  the  two  conditions  develop  ^aWjoassw. 

In  pyonephrosis  there  is  a  characteristic  renal 
swelling,  elastic,  fluctuant,  and  varying  in  size 
from  time  to  time,  much  in  the  same  way  as 
in  hydronephrosis.  Together  with  these  symp- 
toms there  is  a  discharge  of  pus  in  the  urine,  or 
evidence  of  its  retention,  manifested  by  increase 
in  the  renal  swelling,  and  more  severe  pain  in 
the  lumbar  region,  which  is  aggravated  by 
pressure  in  front,  but  relieved  by  pressure 
from  behind.  There  may  be  also  symptoms  of 
a  more  urgent  nature,  indicative  of  systemic 
poisoning,  either  from  non-elimination  of  the 
urinary  constituents  or  from  absorption  of  in- 
fective material. 

In  pyonephrosis  the  quantity  of  pus  in  the 
urine  varies  from  day  to  day,  according  to  the 
posture  the  patient  occupies  and  to  the  nature 
of  the  obstruction.  The  changes  in  the  condi- 
tion of  the  urine  are  determined  by  the  same  cir- 


cumstances as  those  noticed  in  cases  of  pyelitis 
and  pyelonephritis. 

In  cystic  disease  the  urine  has  the  char- 
acters of  chronic  interstitial  nephritis ;  it 
is  pale,  copious,  of  low  specific  gravity,  and 
may  contain  coarse  granular  tube  casts.  There 
may  be  copious  hfematuria,  and  should  the 
cysts  suppurate  or  pyelitis  be  established,  pus 
may  escape  through  the  bladder,  and  in  hydatid 
cysts  of  the  kidney  echinococci  or  booklets  may 
appear  in  the  urine. 

In  tubercular  disease  the  urine  furnishes 
important  information,  and  in  all  cases  the 
urine  should  be  carefully  examined  prior  to  the 
employment  of  instruments  to  explore  the 
bladder  or  ureters.  Although  tuberculous 
bacilli  are  classified  as  non-pyogenic,  and 
properly  so,  in  many  cases  of  tuberculous  dis- 
ease before  mixed  infection  has  occurred  large 
numbers  of  leucocytes  not  distinguishable  by 
the  microscope  from  pus  may  be  found.  In 
pure  tuberculous  disease  the  urine  is  acid  and 
free  from  pyogenic  microbes.  For  diagnostic 
purposes  it  is  therefore  necessary  to  draw  off, 
through  a  sterilised  catheter,  a  quantity  of  urine 
and  to  make  cultures.  The  presence  of  pyo- 
genic micro-organisms  does  not  exclude  the 
possibility  of  the  disease  being  tuberculous, 
but  their  absence  greatly  strengthens  the 
presumption. 

As  the  disease  advances  the  odour  of  the 
urine  as  a  rule  becomes  more  and  more  often- 
sive ;  the  fluid  deposits  large  quantities  of 
mucus  and  triple  phosphates,  and  on  examina- 
tion it  is  found  to  be  highly  albuminous. 
Occasionally,  while  the  urine  is  pale  and  of  low 
specific  gravity,  there  may  be  evidence  of 
retention  on  the  diseased  side,  as  shown  by 
increase  in  the  renal  swelling,  with  perhaps 
indistinct  fluctuation  and  pain,  accompanied  by 
general  constitutional  disturbance,  or  there  may 
be  complete  suppression,  death  being  ushered 
in  by  urgemic  symptoms. 

In  addition  to  the  diagnostic  points  already 
indicated,  the  detection  of  the  tubercle  bacillus 
in  the  urinary  debris  is  of  great  value.  It  is 
when  tuberculous  lesions  begin  to  break  down 
that  tubercle  bacilli  are  most  abundant,  and 
sometimes  their  number  is  very  large.  Several 
examinations  are  required  before  it  can  be  con- 
cluded from  negative  results  that  the  case  is 
not  tuberculous. 

Besides  the  detection  of  the  tubercle  bacillus 
it  is  necessary  to  determine  whether  the  disease 
is  on  one  or  on  both  sides.  Several  times  the 
writer  has  had  occasion  to  examine  by  ureteral 
catheterisation  cases  of  tuberculous  pyelitis 
in  which  it  was  considered  of  importance  to 
determine  the  extent  to  which  the  disease  had 
involved  one  or  both  kidneys.  Catheterisation 
can  only  determine  the  organ  to  which  the 
tuberculous  disease  is  limited ;  it  cannot  indi- 
cate the  extent  of  the  tuberculous  lesion  in  the 
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affected  organ,  but  to  make  sure  that  one 
kidney  is  free  from  disease  is  a  point  of  import- 
ance. The  first  time  he  succeeded  in  doing 
this  was  in  1886,  when  a  case  was  examined 
in  which  it  was  clearly  shown  that  the  tuber- 
culous lesion  was  limited  to  one  kidney. 

Quadrant. — The  fourth  part  of  a  circle 
or  of  any  area  resembling  a  circle  ;  e.g.  the  brim 
of  the  pelvis,  in  which  the  space  between  two 
of  the  points  of  Capuron  is  a  quadrant. 

Quadrate  or  Quad  rat  us. —Four- 
sided  ;  e.g.  the  quadrate  lobe  of  the  liver,  the 
quadrate  bone,  the  quadratus  femoris  muscle, 
the  quadratus  lumborum  muscle,  etc. 

Quadri-. — In  compound  words  quadri- 
(Lat.  quatuor,  four)  means  four  times ;  e.g. 
quadricorTiate,  quadridigitate,  etc. 

Quadriceps. — Having  four  heads;  e.g. 
the  large  extensor  muscle  of  the  thigh  {quadri- 
ceps extensor  cruris),  which  includes  the  rectus 
femoris,  the  vastus  externus  and  internus,  and 
the  crureus. 

Quadrigfeminal. — in  two  pairs,  or 

fourfold  ;  e.g.  the  corpora  quadrigemina  of  the 
brain,  the  quadrigeminal  pulse,  etc.  See  Pulse 
(Fig.  74). 

Quadri  urates.  See  Physiology,  Ex- 
cretion {Urine,  Nitrogenous  Substances,  Uric 
Acid) ;  Uric  Acid  {Chemical  Characters). 

Quadruplets.— Four  at  a  birth.  See 
Pregnancy,  Multiple  {Varieties). 

Quain's  Degeneration.— Fatty  de 

generation  of  the  cardiac  muscle  ;  Quain's  fatty 
heart. 

Quarantine.  See  also  Disinfection 
{Quarantine). — The  word  is  derived  from  the 
forty  days  which  formerly  was  the  period  during 
which  persons  were  detained  when  coming  from 
an  infected  country. 

The  system  was  originally  introduced  with 
the  idea  of  protecting  a  country  from  the  danger 
of  importation  of  disease,  a  danger  which  is 
practically  in  direct  proportion  to  the  extent  of 
its  trade.  Regulations  for  this  purpose  are 
sanctioned  in  principle  by  international  law, 
which,  recognising  the  necessity  for  the  constant 
interchange  of  goods  and  commodities  between 
various  states,  allows  each  one  to  protect  itself 
in  any  way  it  may  deem  fit  or  expedient.  Thus, 
whatever  restrictions  any  one  state  may  adopt, 
these  must  be  submitted  to  by  all  others,  as  the 
only  conditions  under  which  trade  with  such 
state  is  possible. 

Hence  the  extreme  importance  of  the  subject 
from  a  commercial  point  of  view.  The  history 
of  quarantine  in  this  country  is  that  of  a  long 


and  fierce  struggle  between  the  two  great 
interests  of  free-trade  intercourse  and  the  neces- 
sity of  guarding  against  the  risk  of  introducing 
disease  arising  from  such  intercourse. 

The  earliest  mention  of  any  system  of  defence 
against  infectious  disease  is  found  in  the  mar- 
vellous and  complete  sanitary  code  promulgated 
by  the  ancient  Jewish  lawgiver  Moses  under 
divine  guidance. 

In  early  days  the  period  of  detention  con- 
sidered necessary  for  safety  was  a  purely  arbi- 
trary one,  but  as  medical  science  developed  an 
attempt  was  made  to  limit  its  duration  to  some 
extent  in  proportion  to  the  length  of  the  in- 
cubation period  of  the  disease  against  which  it 
was  directed. 

The  essential  point  of  quarantine  from  its 
earliest  inception  up  to  its  modern  development 
was  to  estimate  the  danger  (and,  therefore,  the 
precautions  to  be  taken)  according  to  the  state 
of  health  of  the  port  from  which  a  vessel  had 
arrived,  without  any  reference  to  the  condition 
of  the  vessel  and  its  inhabitants  as  regards 
health  and  sickness. 

The  earliest  definite  codes  of  quarantine  di- 
rected against  plague  were  issued  by  the  Eastern 
emperors  during  the  sixth  century,  while  probably 
the  most  elaborate  system  of  marine  quarantine 
was  established  by  the  Venetians  in  the  twelfth 
century,  when  they  obtained  sanction  from  the 
Pope  to  trade  with  the  infidels  of  Alexandria 
and  Aleppo.  According  to  this  code,  all  mer- 
chants and  others  coming  from  the  Levant  were 
compelled  to  remain  in  the  house  of  St.  Lazarus 
for  forty  days  before  entering  the  city. 

In  this  country  the  first  mention  of  marine 
quarantine  was  in  1636,  when  the  Royal  College 
of  Physicians,  in  "  Directions  "  issued  by  them, 
enacted  that  "  care  be  taken  that  neither  man 
nor  goods  may  come  from  any  suspected  places 
without  a  certificate  of  health,  or  else  either  to 
be  sent  suddenly  away  or  to  be  put  to  the  pest- 
house  for  forty  days  according  to  the  custom  of 
Italy." 

The  first  Quarantine  Act  in  England  was 
passed  in  the  ninth  year  of  Queen  Anne.  Up 
to  that  time  all  quarantine  regulations  had  been 
issued  by  Orders  in  Council  without  the  inter- 
vention of  Parliament.  But  the  quarantine 
regulations  were  never  constant,  and  from  their 
uncertainty  and  the  increasing  changes  in  con- 
nection with  their  enforcement,  continually 
became  more  and  more  burdensome  to  trade. 

A  report  of  a  select  committee  on  the  foreign 
trade  of  the  country  in  1824  mentions  that  the 
quarantine  charges  in  the  case  of  a  vessel  with 
a  clean  bill  of  health  amounted  to  7s.  6d.  per 
ton,  and  in  the  case  of  a  foul  bill  to  15s.  per 
ton.  Is.  extra  being  paid  in  London.  These 
charges,  moreover,  were  levied  on  the  gross 
tonnage  of  the  vessel  whether  she  carried  a  full 
cargo  or  no,  one  instance  being  given  in  which 
they  exceeded  90  per  cent  of  the  value  of  the 
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cargo,  although  there  had  been  no  sickness  on 
board  the  vessel. 

The  last  Quarantine  Act  was  that  of  1824, 
which  placed  the  whole  system  in  the  hands  of 
the  Privy  Council,  and  though  subsequently  the 
actual  working  was  carried  out  by  Her  Majesty's 
Customs,  it  remained  in  their  hands  till  its 
final  abolition  by  the  Public  Health  Amend- 
ment Act,  1896. 

But  for  a  long  period  it  had  been  in  abeyance, 
remaining  only  on  the  statute  book  in  order  to 
avoid  interference  with  our  shipping  by  foreign 
powers.  While  nominally  the  power  was  in 
the  hands  of  the  Privy  Council,  who  had  no 
machinery  for  the  purpose,  the  actual  work  of 
protection  of  the  country  against  infection  from 
abroad  was  under  the  control  of  the  port  sani- 
tary authorities  and  their  medical  officers. 

Port  sanitary  authorities  were  first  constituted 
by  the  Public  Health  Act  of  1872,  and  their 
powers  have  been  slowly  but  gradually  extended. 
In  1893,  at  the  International  Sanitary  Congress, 
when  Great  Britain  was  so  ably  represented  by 
the  late  Sir  E,ichard  Thome  Thorne,  the  question 
advanced  one  great  step. 

To  his  able  advocacy  of  medical  inspection  as 
a  substitute  for  quarantine,  involving  as  it  does 
the  consideration  of  the  health  of  the  crew  of  a 
vessel  and  the  sanitary  condition  of  the  vessel 
itself,  rather  than  the  health  of  the  port  from 
whence  she  has  come,  this  conference  in  a  great 
measure  owed  its  successful  resvilts. 

All  the  great  European  Powers  finally  agreed 
to  the  convention.  The  main  points  were,  that 
in  the  case  of  "  infected  "  vessels  the  sick  were 
to  be  removed  to  hospital,  the  healthy  landed 
for  observation  for  a  period  not  exceeding  five 
days,  and  the  vessel  disinfected.  "Suspected" 
vessels  were  to  be  subject  to  medical  inspection, 
and  disinfection  of  such  articles  as  considered 
necessary ;  drinking  water  to  be  changed,  and 
the  bilges  disinfected.  "  Healthy  "  vessels  were 
to  be  admitted  to  free  "pratique"  whatever  the 
nature  of  their  bills  of  health. 

An  "infected  vessel"  was  defined  as  one  on 
which  a  case  had  occurred  within  seven  days  of 
arrival,  while  a  "  suspected  "  vessel  was  one  on 
which  cases  had  occurred  on  the  voyage,  but  not 
within  seven  days. 

Sir  Richard  Thorne  Thorne,  agreeing  to  the 
above  on  behalf  of  this  country,  expressly  stipu- 
lated that  observation  should  not  necessarily 
imply  detention,  but  that  this  would  be  covered 
by  registration  and  notification  of  the  addresses 
of  all  persons  on  board  such  vessels. 

In  1896  the  Public  Health  Amendment  Act 
finally  abolished  quarantine,  and  placed  the 
whole  system  of  medical  inspection  in  the  hands 
of  port  sanitary  authorities  under  the  control  of 
the  Local  Government  Board.  A  Local  Govern- 
ment Board  order  soon  followed,  defining  the 
powers  of  port  sanitary  authorities  and  regulat- 
ing their  procedure.    This  order,  though  modi- 


fied in  several  details,  still  practically  governs 
the  system.  It  defines  an  "infected"  vessel  as 
one  on  which  cholera,  yellow  fever,  or  plague 
has  occurred  during  the  voyage,  or  during  the 
stay  of  a  vessel  in  the  port  of  departure,  or  in  a 
port  on  the  course  of  such  voyage. 

The  officer  of  customs  who  visits  the  vessel, 
if  he  has  any  reason  to  suspect  the  vessel  to  be 
so  infected,  has  power  to  detain  her,  and  must 
give  notice  to  the  Medical  Officer  of  Health,  who 
shall  thereupon  visit  her.  There  is,  however, 
an  important  section  which  gives  power  to  the 
medical  officer  to  visit  any  vessel  for  the  purpose 
of  ascertaining  if  she  is  infected,  whether  she 
has  been  visited  by  the  customs  officer  or  not. 
Under  this  section  the  Medical  Officer  of  Health 
can  visit  every  vessel  coming  from  an  infected 
port. 

The  only  satisfactory  method  of  working  this 
system  is  in  conjunction  with  the  customs  oificer 
at  the  appointed  boarding  station. 

In  this  way  all  the  necessary  precautions  for 
the  protection  of  the  public  health  can  be  taken 
without  hampering  commerce  by  requiring  an 
incoming  vessel  to  be  detained  for  two  separate 
visits.  This  means,  if  properly  worked,  that  a 
Medical  Officer  of  Health  must  be  always  on 
duty,  and  accompany  the  customs  officers  on 
their  visit  for  fiscal  and  statistical  purposes.  In 
the  port  of  London  this  is  carried  out  by  having 
a  special  staff"  of  boarding  medical  officers  who 
are  on  duty  in  turn  for  twenty-four  hours  every 
third  day. 

Whether  on  his  own  initiative  or  informed  by 
the  customs  officer,  the  medical  ofiicer  visits  a 
a  suspected  vessel  and  examines  it.  If  he  finds 
the  vessel  to  be  infected,  he  serves  a  certificate 
to  that  effect  on  the  master,  who  thereupon 
must  moor  his  vessel  in  such  place  as  required, 
and  must  carry  out  the  instructions  of  the 
medical  officer.  No  person  may  leave  the  vessel 
till  he  has  been  medically  examined  ;  those  found 
to  be  suffering  from  cholera,  yellow  fever,  or 
plague  are  removed  to  hospital  under  the  con- 
trol of  the  medical  officer,  any  suspected  cases 
being  detained  for  any  period  not  exceeding  two 
days  for  the  purposes  of  diagnosis. 

All  those  found  healthy  are  required  to  furnish 
their  names  and  addresses  at  their  intended 
places  of  destination,  and  are  then  allowed  to 
leave.  These  names  and  addresses  are  forwarded 
to  the  sanitary  authorities  of  the  places  of 
destination  concerned,  and  thus  afford  each 
authority  an  opportunity  of  keeping  itself  in- 
formed as  to  the  health  of  such  persons  for  so 
long  a  period  as  may  be  considered  advisable. 

By  the  terms  of  the  order,  the  vessel  and  all 
effects  are  disinfected  by  the  master  of  the  vessel 
in  accordance  with  the  instructions  of  the  medi- 
cal officer,  though  in  practice  the  disinfection  is 
at  once  carried  out  by  the  officers  of  the  sanitary 
authority. 

There  are  also  special  powers  to  deal  with 
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immigrants  and  persons  of  this  class  who  are 
in  a  filthy  or  otherwise  unwholesome  condition, 
or  where  there  is  some  doubt  as  to  their  places 
of  destination.  Bilge  water  can  be  pumped  out, 
and  the  supply  of  drinking  water  changed. 

In  actual  practice  the  port  medical  officer 
keeps  a  register  of  ports  whicli  he  considers  as 
"infected."  This  list  is  revised  from  time  to 
time  from  various  official  and  unofficial  sources. 
There  is  scope  for  much  discretion  in  adding 
the  names  of  ports  to  such  list.  It  frequently 
happens  that  a  newspaper  paragraph  gives  the 
first  warning  of  cases  of  disease  in  a  foreign 
port.  Often  such  rumour  is  followed  by  an 
official  denial,  and  the  fact  is  only  admitted 
when  it  is  impossible  any  longer  to  conceal  it. 

This  list  is  a  confidential  one  for  the  use  of 
the  authority  only,  and  should  never  be  pub- 
lished. It,  therefore,  can  in  no  way  damage 
the  interests  of  any  port  or  its  trade  if  its  name 
be  added  thereto,  while  its  inclusion  may  be  a 
most  valuable  protective  precaiition. 

The  instructions  to  the  boarding  medical 
officers  should  be  : — 

(i.)  To  visit  every  vessel  arriving  from 
"  foreign  "  ports,  and  to  examine  every  case  of 
sickness  reported,  and  all  the  crew  w^hen  any 
suspicion  exists. 

(ii.)  In  the  cases  of  all  vessels  from  ports 
mentioned  on — 

(a)  The  "infected"  list,  to  board  and  medi- 
cally examine  every  person  on  boai'd,  checking 
the  number  by  means  of  the  crew  and  passenger 
lists. 

(6)  To  obtain  from  the  master  (or  surgeon  if 
one  is  carried)  all  records  of  sickness  during  the 
voyage,  and  examine  the  log-book  as  to  entries 
relating  thereto. 

(c)  To  obtain  an  accurate  list  of  all  the 
names  of  those  on  board,  their  places  of  destin- 
ation, and  addresses  at  such  places  of  destination. 

(d)  To  forward  notification  of  such  names 
and  addresses  to  the  sanitary  authorities  con- 
cerned. 

(iii.)  Where  vessels  are  found  to  be  "  infected  " 
as  a  result  of  such  medical  inspection,  to  serve 
a  certificate  on  the  master  to  this  effect,  and 
proceed  to  carry  out  the  terms  of  the  Local 
Government  Board,  reporting  all  the  details  to 
the  Board. 

Such  a  system  appears  to  combine  the  maxi- 
mum of  protection  with  the  minimum  of  inter- 
ference with  trade,  and  it  is  found  in  practice 
that  shipowners  will  do  their  utmost  to  assist 
the  sanitary  authority  so  long  as  they  feel  that 
their  interests  are  studied  as  far  as  possible, 
with  due  regard  to  the  protection  of  the  public 
health. 

One  other  point  should  be  insisted  upon,  viz. 
the  production  of  a  "  medical  history "  of  the 
voyage,  giving  all  facts  connected  with  the 
health  of  those  on  board,  and  enumerating  all 
cases  of  sickness,  however  trivial.    Where  a 


surgeon  is  carried  this  is  a  most  valuable  help 
and  assistance,  and  where  one  has  to  rely  upon 
a  master  it  will  often  suggest  what  might  be 
otherwise  overlooked.  From  such  a  one  facts 
only  are  required,  and  not  opinions,  for  it  is 
obviously  absurd  to  expect  to  obtain  a  diagnosis 
of  disease  from  any  but  a  medical  man. 

Many  of  our  leading  shipowners  have  already 
adopted  this  system,  and  good  results  have  been 
obtained,  but  it  seems  most  desirable  that  it 
should  be  made  compulsory  on  all. 

Such  a  system  as  this  involves  considerable 
expenditure,  but  it  should  be  looked  upon  as 
a  system  of  insurance,  and  therefore  regarded 
as  a  wise  and  prudent  outlay.  The  question 
of  dealing  with  cholera,  yellow  fever,  and  plague 
must  be  regarded  as  rather  a  commercial  than 
a  medical  one,  when  one  considers  the  enormous 
loss  to  a  country  which  ensues  from  the  paralysis 
of  trade  which  invariably  follows  any  outbreak 
of  these  dreaded  diseases.  While  smallpox  may 
destroy  thousands  and  disfigure  tens  of  thousands 
without  any  appreciable  loss  to  a  country,  the 
occurrence  of  only  a  dozen  cases  of  plague  may 
inflict  a  loss  of  millions  of  pounds  to  the  trading 
community. 

Qua,rta.n. — Recurring  on  the  fourth  day  ; 
e.ff.  a  form  of  intermittent  fever  in  which  a 
paroxysm  occurs  once  in  every  three  days,  there 
being  two  days  quite  free  from  it.  See  Malaria 
(Clinical  Manifestatio7is,  Qiiartan). 

Qu£irter-Evil.  See  A'sthrax (Synonyms). 

Qua.rtipa.ra,. — A  woman  who  has  given 
birth  four  times,  or  one  who  is  in  her  fourth 
pregnancy. 

Quassia. — Quassise  Lignum  is  the  wood 
of  Ficrasma  excelsa,  a  large  tree  of  Jamaica.  It 
contains  quassin,  an  intensely  bitter  principle 
irritant  to  mucous  membranes ;  and  a  volatile 
oil.  There  is  no  tannin  present,  so  that  quassia 
can  be  prescribed  along  with  salts  of  iron. 
Preparations  —  1.  Infusum  Quassiee.  Dose — 
^-1  3.  2.  Tinctura  Quassiee.  Dose — 5-I  5.  3. 
Liquor  Quassife  Concentratus.    Dose — ^-1  5. 

Quassia  is  a  simple  bitter  tonic  much  used  in 
cases  of  anorexia  and  gastric  inactivity.  It 
has  been  employed  during  convalescence  from 
malaria,  on  the  supposition  that  it  possesses 
antiperiodic  properties.  It  is  one  of  the  best 
agents  to  use  for  the  destruction  of  thread- 
worms. After  the  bowel  has  been  thoroughly 
washed  out  with  a  soap  and  water  enema,  about 
half  a  pint  of  the  infusion  is  injected  well  into 
the  rectum.  A  few  such  injections  almost 
invariably  kill  the  parasites. 

Quebracho.  —  White  quebracho  bark 
{Quebracho  cortex)  is  the  bark  of  one  of  the 
Apocynacese,  viz.  Aspidosjyerma  quebracho ;  it  con- 
tains several  alkaloids,  such  as  aspidospermin 
(Co^H^oNoOg),  aspidospermatin  (CjjHgjjNjOg))  and 
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quebrachin  (CgiHjgNgOg),  which  in  small  doses  in- 
crease the  fulness  and  frequency  of  the  respira- 
tion, and  in  larger  doses  paralyse  it ;  it  is  not 
now  officinal,  but  it  was  formerly  in  the  B.P., 
and  there  was  a  tinctura  quebracho  which  was 
used  in  dyspnoea  in  doses  of  |  to  1  fl.  dr. 

Quercin. — A  bitter  carbohydrate, 
CgHg(OH)g,  obtained  from  acorns. 

Quercite. — A  sweet  carbohydrate,  known 
as  oak-sugar  or  acorn-sugar,  having  the  formula 
CgH,(0H)5. 

QuerCUS  Cortex. — Oak  bark,  obtained 
from  Quercus  robur,  is  not  now  official  in  the 
B.P. ;  it  was  formerly  employed  to  prepare 
the  Decoctum  Quercus,  which  was  employed 
(on  account  of  its  contained  tannin)  as  an 
astringent. 

Quickening^.  —  The  feeling  of  life,  or 
stirrage,  usually  detected  by  the  pregnant 
woman  about  the  mid- term  of  gestation.  See 
Pregnancy,  Diagnosis  (Symptoms). 

Quicksilver.  See  Mercury;  Trades, 
Dangerous  (Mercury). 

Quilia.ise  Cortex. — Panama  bark,  soap 
bai'k  ;  obtained  from  the  tree  Quillaja  saponaria. 
Its  chief  constituent  is  a  glucoside,  saponin. 
Preparation — Tinctura  Quillaise.  Dose — J-1  5- 
The  tincture  of  quillaia  might  be  used  for 
emulsifying  oils  and  other  insoluble  substances, 
but  other  more  suitable  agents  are  generally 
employed  for  this  purpose.  On  account  of  the 
saponin  present  it  has  an  expectorant  action 
similar  to  that  of  senega,  and  has  been  recom- 
mended highly  by  some  for  bronchitis  and  other 
chest  conditions. 

Quincke's  Disease.    See  Angeio- 

NEUROTIC  OEDEMA. 

Quincke's  Lumbar  Puncture. 

See  Meningitis,  Epidemic  Cbrbbro  -  spinal 
{Diagnosis) ;  Spine,  Surgical  Affections  of 
{Lumbar  Puncture). 

Quincke's  IVIethod.  —  A  mode  of 

estimating  the  total  quantity  of  blood.  See 
Blood  {Methods  of  Clinical  Examination, 
General). 

Quinidina.  See  Alkaloids  {Vegetable): 
Pharmacology  ;  Quinine  ;  etc. 

Quinine.  See  also  Alkaloids;  Ambly- 
opia {Toxic)  \  Colour  Vision  {Acquired  Colour 
Blindness,  Causes) ;  Drug  Eruptions  {Quinine) ; 
HEMOGLOBINURIA  {Toxic) ;  PURPURA  {Symptom- 
atic, Toxic) ;  Tinnitus  Aurium  {Treatment). — 
An  alkaloid  obtained  from  the  bark  of  one  of 
the  numerous  species  of  the  genus  Cinchona. 
The  official  form  is  the  Red  Cinchona  Bark — 
Cinchona  Rubre  Cortex — which  contains  (in 


addition  to  quinine)  quinidine,  cinchonine, 
cinchonidine,  and  other  substances  of  less 
importance.  Good  bark  should  contain  between 
5  and  6  per  cent  of  alkaloids,  of  which  at  least 
half  should  consist  of  quinine  and  cinchonidine. 
Quinine  is  the  most  important  of  the  group,  and 
its  physiological  action  is  practically  the  same 
as  that  of  the  others.  The  dose  of  the  bark  is 
3-15  grs. ;  and  30-120  grs.  in  malaria.  Pre- 
parations— 1.  Extractum  Cinchonfe  Liquidum. 
Contains  5  per  cent  of  alkaloids.  Dose — 
5-15  m.  2.  Tinctura  Cinchonte.  Contains 
1  per  cent  of  alkaloids.  Dose  —  J-1  3.  3. 
Tinctura  Cinchonte  Composita.  Contains  |  per 
cent  of  alkaloids.  Dose — ^-1  3.  4.  Infusuni 
Cinchonse  Acidum.  Prepared  with  aromatic 
sulphuric  acid,  and  is  a  solution  of  the  sulphates 
of  the  alkaloids.  Dose — ^-1  These  prepara- 
tions must  all  be  made  from  red  bark. 

Quinine,  is  official  in  the  form  of  its  salts, 
which  may  be  prepared  from  any  member  of  the 
cinchona  group.  1.  Quinines  Sulphas.  Slightly 
flexible,  filiform,  snow-white  crystals,  soluble  1 
in  800  of  water  (giving  it  a  fluorescent,  bluish 
tinge),  easily  in  acidulated  water.  Dose — 1-5 
grs.  as  a  bitter ;  5-20  grs.  as  an  antiperiodic 
and  antipyretic.  Preparations  —  1 .  Tinctura 
Quininse  Ammoniata.  Dose — ^-1  3.  2.  Pilula 
Quininee  Sulphatis.  Dose — 2-8  grs.  3.  Ferri  et 
Quininse  Citras.  Dose — 5-10  grs.  4.  Syrupus 
Ferri  Phosphatis  cum  Quinina  et  Strychnina. 
4  gr.  in  each  drachm.  Dose — 1-1  3-  II.  Quin- 
ines Hydrochloridum.  Soluble  1  in  35  of  cold 
water.  Dose — 1-10  grs.  Preparations — 1.  Tinc- 
tura Quininae.  Dose — 1-1  3.  2.  Vinum  Quininse. 
Dose — ^-1  5.  III.  QuinincB  Hydrochloridum 
Acidum.  A  white  crystalline  powder  soluble  in 
less  than  its  own  weight  of  water.  Dose — 1-10 
grs.  There  are  also  other  non-official  salts  in 
use,  including  the  bisulphate,  the  hydrobromide, 
the  chlorate,  the  citrate,  the  lactate,  the  phos- 
phate, the  salicylate,  and  the  valerianate.  Mar- 
burg's Tincture  (Tinctura  Antiperiodica)  has  a 
high  reputation  in  India  for  malaria.  It  con- 
tains aloes,  rhubarb,  camphor,  and  opium,  along 
with  many  aromatics.  As  it  is  rather  apt  to 
purge  it  may  be  prescribed  without  aloes. 

Quinine  is  a  powerful  antiseptic,  but  it  is  too 
expensive  to  be  used  for  this  purpose.  Internally 
it  is  administered  for  three  chief  purposes — as  an 
antiperiodic  or  antimalarial,  as  an  antipyretic, 
and  as  a  tonic.  In  malaria  it  is  a  specific,  its 
action  being  directly  poisonous  to  the  Plasmod- 
ium malariae  in  the  blood.  The  amount  given 
varies  greatly,  and  must  be  decided  upon  ac- 
cording to  the  indications  from  the  state  of  the 
particular  patient.  Its  administration  should 
be  preceded,  if  possible,  by  a  cholagogue  purge. 
It  may  be  given  in  hourly  doses  or  in  single 
large  doses  so  timed  that  they  will  begin  to 
have  effect  about  half  an  hour  befoi'e  the  ex- 
pected paroxysm.  If  the  attack  is  imminent, 
it  should  be  taken  in  solution.    Even  after  the 
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onset  of  a  paroxysm  quinine  should  be  ad- 
ministered, so  as  to  destroy  the  spores  which 
have  been  set  free.  In  severe  forms  of  the 
disease  and  in  pernicious  malarial  fever  quinine 
may  be  given  hypodermically  or  even  intra- 
venously in  large  doses.  The  best  salts  for 
these  purposes  are  the  lactate  and  the  acid 
hydrochloride.  The  hypodermic  should  be 
given  into  the  buttock,  and  the  intravenous 
injection  into  a  vein  of  the  leg  in  very  dilute 
solution,  injected  slowly,  so  as  to  avoid  the 
depressant  effect  on  the  heart.  In  neuralgia  of 
malarial  origin  quinine  acts  very  beneficially. 
Quinine  is  the  prophylactic  against  malaria,  and 
should  be  taken  in  doses  of  from  2  to  4  grs.  three 
times  daily  by  susceptible  individuals  in  malarial 
districts.  After  suffering  from  malaria,  the 
patient  should  continue  to  take  quinine  until 
a  complete  cure  has  been  effected.  Quinine  is 
not  the  cause  of  blackwater  fever,  as  has  been 
supposed,  but  it  should  not  be  given  in  this 
disease  imless  the  parasites  are  actually  present 
in  the  blood.  Quinine  is  not  now  largely  used 
as  an  antipyretic.  To  obtain  this  effect  to  any 
marked  degree  large  doses  must  be  employed, 
and  these  are  depressing.  It  is  often  prescribed 
empirically  for  influenza  in  comparatively  small 
doses.  It  is  employed  as  a  bitter  tonic  in 
general  debility,  in  anaemia,  and  in  gastric 
inactivity.  In  some  cases  of  neuralgia  it  has 
a  good  effect,  best  given  perhaps  in  a  single 
large  dose.  It  increases  the  contractions  of  the 
uterus,  and  is  helpful  in  uterine  inertia  during 
labour.  It  will  not  of  itself  produce  abortion, 
and  may  safely  be  administered,  when  required, 
to  pregnant  women  with  or  without  the  addition 
of  opium  or  a  bromide.  It  has  been  recom- 
mended for  whooping-cough,  in  doses  of  IJ  gr. 
three  times  daily  for  every  year  of  the  child's 
age.  In  the  strength  of  1  or  2  grs.  to  the 
ounce,  it  may  be  sprayed  on  the  throat  in  colds 
of  the  head  and  in  tonsillitis.  High  rectal 
injections  of  the  strength  of  1  in  3000  have 
proved  of  value  in  amoebic  dysentery.  For  the 
general  tonic  effects  the  cinchona  preparations 
are  often  prescribed,  but  for  all  other  purposes 
the  salts  of  quinine  are  to  be  preferred. 

Quinism.— The  condition  produced  by 
large  doses  of  quinine,  or  by  ordinary  doses  in 
specially  susceptible  individuals  ;  cinchonism  ; 
the  symptoms  are  ringing  in  the  ears,  headache, 
deafness,  etc.    See  Quinine. 

Quinoiine. — An  alkaloid  (CgH^N)  re- 
lated both  to  benzene  and  to  pyridine,  and 
obtained  from  coal-tar  or  from  the  destructive 
distillation  of  quinine. 

Quinone.— When  quinic  acid  (CyH^oOe)  is 
oxidised,  quinone  (CgH^Oo)  is  formed."  See 
Hydroquinone. 

QuinOSOi.    See  Chinosol. 


Quinquaud's  Disease.— An  affec- 
tion of  the  hair  follicles  of  the  skin  with 
cicatrisation ;  tinea  decalvans. 

Quinsy.  See  Tonsils,  Diseases  of  {Acute 
Tonsillitis) ;  Diphtheria  (Diagnosis). 

Quintan. — Recurring  after  three  days 
interval,  viz.  on  the  first,  fifth,  ninth,  thirteenth 
days,  and  so  on ;  e.g.  quintan  ague.   See  Malaria. 

Quintipara. — A  woman  who  has  given 
birth  five  times,  or  who  is  pregnant  for  the  fifth 
time. 

Quintuplets. — Five  children  at  a  birth. 

See  Pregnancy,  Multiple  ( Varieties). 

Quotidian. — Recurring  once  in  twenty- 
four  hours ;  e.g.  ague,  which  has  a  paroxysm 
daily.    See  Malaria. 

Quotient. — The  result  of  division,  e.g. 
the  blood  quotient  (colour  index)  is  the  propor- 
tionate amount  of  hjemoglobin  contained  in  each 
red  blood  corpuscle,  and  this  is  obtained  by 
dividing  the  quantity  of  hsemoglobin  in  the 
blood  by  the  number  of  erythrocytes. 

Q  USil  Uf.  See  Pellagra  (Synonyms,  Egypt). 

R. — The  contraction  for  recipe  in  prescription- 
writing.    See  Prescribing. 

Rabbit  Soup.    See  Invalid  Feeding 

(Convalescence). 
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Syn. — Hydrophobia. 

Rabies  is  a  virulent  disease  transmissible  by 
inoculation,  and  contracted  by  man  from  the 
bite  of  a  mad  animal. 

History. — Although  rabies  is  without  doubt 
a  disease  of  ancient  times,  it  was  not  recognised 
by  the  physicians  of  olden  days.  Aristotle 
writes  about  the  rabies  of  dogs,  but  he  firmly 
believed  man  to  be  exempt  from  it.  The  Alex- 
andrian doctors  were  the  first  to  record  reliable 
facts  about  human  rabies. 

During  the  Middle  Ages,  and  indeed  until  the 
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close  of  last  century,  rabies  was  regarded  as  a 
mysterious  neurosis,  the  most  astounding  hypo- 
theses being  formulated  as  to  its  nature ;  only 
one  true  fact  was  admitted,  namely,  the  trans- 
mission of  rabies  to  man  by  the  bite  of  an 
animal. 

In  the  last  century  the  experiments  of 
Majendie,  Breschet,  Renault,  Hertwig,  Benley, 
etc.,  clearly  demonstrate  the  condition  and 
development  of  this  scourge.  Our  present 
more  accurate  knowledge  of  the  pathology  of 
this  disease,  and  the  solutions  of  the  problems 
of  prophylaxis  and  vaccination,  as  already  prac- 
tised by  Galtier  on  animals,  is  mainly  due  to 
the  exertions  of  Pasteur  and  his  pupils,  who 
have  been  equally  successful  in  the  cure  of  man. 

Etiology. — Rabies  is  found  in  every  quarter 
of  the  globe,  in  both  hot  and  cold  regions.  In 
Europe  the  disease  is  most  prevalent  in  France, 
Belgium,  and  Russia. 

In  France,  during  the  year  1892,  there  were 
no  fewer  than  2169  rabic  dogs.  In  the  depart- 
ment of  the  Seine  the  malady  is  practically 
endemic.  In  Belgium  during  the  same  year 
there  were  83  cases  of  rabies  in  dogs ;  in 
Germany  the  cases  were  much  fewer,  only  387 
being  reported  in  1892;  while  England  enjoys 
a  still  greater  immunity,  statistics  proving  79 
cases  in  1891,  and  only  38  in  1892.  From  year 
to  year,  of  course,  the  number  of  cases  varies — 
an  increase  of  rabies  invariably  following  any 
relaxing  of  the  vigilance  of  the  police  in  en- 
forcing sanitary  regulations. 

The  influence  of  the  seasons  is  not  nearly  so 
important  as  was  formerly  believed  to  be  the 
case. 

Rabies  sometimes  manifests  itself  in  an  epi- 
zootic form ;  such  was  the  case  at  Peron  in 
1803,  where  the  ravages  caused  by  rabies  are  to 
this  day  mentioned  with  horror. 

Some  countries,  for  example  Australia,  enjoy 
almost  complete  immunity  from  rabies, — thanks, 
no  doubt,  to  tlie  vigilant  inspection  of  vessels 
on  arrival  at  ports.  Other  islands  hitherto 
immune  have  suffered  from  the  pest,  owing  to 
the  admission  of  ownerless  dogs ;  for  example, 
Mauritius  in  1813,  Malta  in  1847,  and  Madeira 
in  1892. 

Rabies  in  man  being  always  contracted  from 
animals,  the  etiology  of  the  condition  in  animals 
must  therefore  first  be  considered. 

All  mammalia  are  liable  to  rabies,  the 
different  species  differing  in  regard  to  degree, 
frequency,  and  severity.  Domestic  animals,  on 
account  of  the  life  they  lead,  are  most  sus- 
ceptible ;  rabies  appears  most  frequently  in 
dogs,  cats  more  rarely  suffer.  Among  the  wild 
carnivora  the  wolf  is  frequently  attacked,  also 
the  fox,  hyena,  and  jackal.  Oxen  are  the  most 
susceptible  of  the  herbivora ;  next  in  order  come 
sheep,  goats,  and  horses.  Rabies  in  pigs  is  not 
so  common.  It  is  doubtful  whether  birds  can 
be  attacked  by  rabies. 


In  all  the  different  animal  species  males  suffer 
from  rabies  more  frequently  than  females.  Le 
Blance  makes  the  proportion  14  to  1  in  the 
canine  races. 

It  is  now  comparatively  easy  to  estimate  the 
extent  of  rabies  in  man,  thanks  to  the  accurate 
statistics  of  the  Pasteur  Institute.  In  France, 
from  1800  to  1900  individuals  are  yearly  bitten 
by  animals  and  undei'go  the  Pasteur  treatment. 
One  thousand,  at  least,  have  been  bitten  by 
certified  rabic  dogs.  The  greater  number  of 
the  cases  of  bites  from  rabic  dogs  occur  in  the 
department  of  the  Seine,  where  there  are  at 
least  47  individuals  bitten  to  each  100,000  of 
the  population. 

Men,  as  a  rule,  are  more  frequently  and 
severely  bitten  than  women  ;  children  do  not 
suffer  so  often  as  adults.  These  facts  are  due 
probably  to  the  different  modes  of  life,  cloth- 
ing, etc. 

The  bites  of  rabic  animals  only  communicate 
rabies  in  about  a  third  of  the  cases  in  animals, 
and  the  same  may  probably  hold  good  as  re- 
gards man.  As  it  is  impossible  to  reckon  all 
bites,  this  is  difficult  to  state  quite  accurately ; 
the  proportion,  roughly  speaking,  may  be  taken 
as  16  to  19  cases  of  rabies  against  100  bites. 

All  bites  are  not  equally  venomous.  Wolf 
bites  more  frequently  communicate  rabies  than 
dog  bites,  not  because  the  poison  is  more  viru- 
lent in  the  wolf,  but  because  he  bites  deeper 
and  more  than  once.  The  bites  of  herbivorous 
animals  are  not  deep — they  tear  rather  than 
bite — and  are  therefore  less  serious. 

Bites  on  exposed  flesh  are  naturally  most 
serious.  If  the  clothes  intervene  the  saliva  may 
be  partially  wiped  off  the  teeth  in  passing 
through  to  the  flesh.  Bites  on  the  face  are  the 
most  fatal,  the  mortality  is  88  per  100  ;  on  the 
hands,  67  per  100;  and  on  the  lower  limbs,  21 
per  100.  The  vehicle  for  the  virus  is  the 
animal's  saliva,  and  the  teeth  carry  it  into  the 
flesh.  The  saliva  merely  spread  on  the  surface 
of  the  skin  does  not  cause  rabies  unless  there  is 
a  scratch  or  wound. 

The  theories  of  contagion  in  the  air,  or  by 
the  perspiration,  or  by  the  spermatic  fluid,  are 
not  credited  now ;  even  infection  by  the  blood 
of  rabic  animals  is  doubted,  as  is  also  infection 
through  administration  of  milk  or  meat. 

Symptoms. — I.  Period  of  Incitbation. — The 
period  of  incubation,  running  from  the  moment 
of  the  bite  till  the  appearance  of  the  known 
symptoms  of  rabies,  is  very  variable.  The 
ancients  considered  incubation  to  last  about 
forty  days.  Recent  statistics  of  Brouai'del, 
Proust,  Bauer,  and  Meintrier  allow  approxi- 
mately two  months  after  inoculation,  some- 
times three  months,  and  in  very  rare  cases  six 
months. 

The  extreme  limit  is  difficult  to  fix.  Bouley 
has  seen  cases  of  incubation  lasting  only  seven 
days.    De  Beurmenn  Valentin  had  cases  run- 
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ning  on  from  sixteen  to  eighteen  months. 
Chantemem  knew  a  case  of  a  patient  who  had 
been  treated  with  preventive  vaccine,  where 
the  incubation  lasted  twenty -seven  months. 
Certain  conditions  tend  to  alter  the  periods  of 
incubation.  It  is  shorter  if  there  are  many 
bites,  and  if  the  face  is  bitten  probably  forty- 
eight  days  instead  of  sixty-nine  days.  Incuba- 
tion is  generally  shorter  in  the  case  of  children, 
owing  to  their  faces  very  often  being  bitten ; 
fifty-seven  days  is  the  average  under  twenty 
years  of  age,  and  sixty-eight  days  above  that 
age. 

All  excesses,  over-eating  or  drinking,  are  said 
to  hasten  the  attacks,  but  this  is  a  doubtful 
assertion.  All  doctors  agree  in  trying  to  dis- 
cover during  this  period  of  incubation  pre- 
monitory symptoms  of  the  approaching  rabies. 
Some  have  thought  that  the  scar  has  a  special 
aspect,  it  cicatrises  slowly,  and  the  wound  re- 
mains swollen. 

An  early  theory  was  that  a  little  worm  grew 
under  the  tongues  of  dogs,  and  this  brought  on 
rabies.  At  a  later  period  doctors  thought  they 
discovered  under  the  tongue  of  the  bitten 
person  certain  vesicles  or  lesions  which  were 
an  undoubted  test  of  rabies.  Needless  to  say, 
such  theories  have  no  foundation  in  fact. 

The  only  symptoms  worthy  of  notice  are 
functional  symptoms  which  often  appear,  such 
as  formication,  pains  starting  from  the  wound 
and  rising  to  the  head  and  heart,  cold  shiverings 
of  the  wounded  limb,  with  anfesthesia  and  hyper- 
sesthesia,  local  paralysis,  fibrillary  tremors,  etc. 

When  it  is  known  that  the  hydrophobic  virus 
is  pursuing  its  course  through  the  nerves  these 
phenomena  are  accounted  for,  and  the  patient 
should  then  undergo  very  rigorous  treatment. 

II.  Prodromic  Feriod. — The  prodromic  period 
is  characterised  by  mental  and  bulbar  disorders. 
A  psychic  depression  comes  on  with  extreme 
melancholia.  The  patient  seeks  to  be  alone, 
and  is  haunted  by  fear  of  the  dreaded  malady, 
and  disturbed  by  nightmares  and  insomnia. 
He  suffers  from  general  debility,  and  shuns  his 
ordinary  routine  of  life  ;  cephalalgia  and  neur- 
algia in  the  seat  of  the  wound  are  sometimes 
present.  Many  persons  declare  they  see  ap- 
paritions that  urge  them  to  commit  suicide. 
During  this  phase  there  is  no  excitement  or 
extraordinary  quickening  of  the  senses,  or  desire 
for  inordinate  movement.  Later,  the  breathing 
is  disturbed  and  incessantly  interrupted  by 
deep  sighs,  which  contract  the  diaphragm  to 
its  utmost  limit ;  the  other  respiratory  muscles 
come  into  play,  and  the  sufferer  experiences  a 
sensation  of  prtecordial  agony  and  thoracic  con- 
striction or  spasm  ;  the  shoulders  are  pushed 
up.  The  duration  of  the  phase  is  difficult  to 
determine ;  sometimes  it  may  last  only  two  or 
three  days,  sometimes  several  weeks,  especially 
if  there  has  been  a  complication  of  nervous 
disorders  at  the  period  of  incubation. 


III.  Period  of  Excitement  or  Hydrophobia. — 
This  period  is  characterised  by  excessive  irrita- 
bility throughout  the  whole  nervous  system, 
specially  the  region  of  the  medulla.  Exaggera- 
tion of  the  reflexes  explains  the  occurrence  of 
the  spasms,  the  most  characteristic  of  all  being 
the  hydrophobic  spasm. 

The  breathing  is  interrupted  by  heavy  sighs 
and  spasms  as  if  one  had  suddenly  been  plunged 
into  a  cold  bath.  Cardiac  oppression  and 
dyspnoea  develop  rapidly.  Spasms  in  the 
pharynx  and  larynx  cause  special  difficulty  in 
deglutition  and  are  the  true  hydrophobia. 
When  the  patient  desires  to  drink,  the  moment 
he  raises  the  glass  to  his  lips  his  face  is  con- 
vulsed, his  eyes  fixed,  his  body  trembles,  and 
it  is  impossible  for  him  to  swallow  one  drop 
of  liquid.  After  resting  a  little,  being  still 
tormented  with  thirst,  he  again  tries  to  drink ; 
the  same  phenomena  recur,  and  he  cannot 
quench  his  thirst.  The  mere  sight  of  water 
or  sound  of  liquid  poured  into  a  glass,  the  mere 
thinking  of  it,  or  even  trying  to  swallow  solids, 
brings  on  the  spasms.  Occasionally  certain 
things  are  tolerated,  such  as  lumps  of  ice,  and 
possibly  the  sufferer  may  be  able  to  drink  in 
the  dark.  All  the  reflexes  of  the  skin,  tendons, 
and  oculo-pupillaries  are  exaggerated ;  the 
trembling  of  the  muscles  excites  myodemia. 

Any  afferent  stimulant,  i.e.  a  sound,  a  breath 
of  air,  etc.,  on  the  surface  of  the  skin  induces 
convulsions  and  spasmodic  breathing.  The 
eyes  are  wildly  bright,  the  pupils  from  time 
to  time  either  abnormally  dilated  or  contracted. 
Bright  light  seems  to  rouse  the  patient  to 
paroxysms  of  fury ;  he  shuns  it,  and  seeks  to 
hide  in  the  dark. 

The  senses  of  hearing  and  smell  are  ab- 
normally quickened ;  some  smells  bring  on  acute 
spasms,  and  the  patient  suffers  from  hallucina- 
tions of  sight  and  hearing.  These  convulsions 
increase  in  frequency  and  intensity,  and  develop 
the  real  hydrophobic  spasm.  At  times  the 
spasms  are  convulsive ;  at  times  acute  mania 
is  developed.  The  precardiac  agitation  in- 
creases ;  the  patient  appears  on  the  point  of 
suffocation ;  his  body  quivers  with  shocks,  as 
in  an  epileptic  fit,  or  becomes  rigid,  as  in 
tetanus.  The  attacks  may  at  first  be  short 
and  at  intervals ;  they  gradually  increase  in 
duration  and  frequency,  lasting  from  fifteen  to 
twenty  minutes.  The  patient  is  frequently 
attacked  by  frenzies  of  passion ;  he  screams 
and  flings  himself  about,  biting  and  tearing 
the  bedclothes,  and  knocking  himself  against 
the  wall.  The  voice  becomes  hoarse  and  he 
utters  a  barking  sound,  the  eyes  roll,  the  saliva 
dribbles  from  the  mouth ;  his  aspect  is  most 
alarming.  In  spite  of  these  paroxysms  the 
unhappy  sufferer  vainly  tries  to  avoid  biting 
those  near  him,  he  dreads  hurting  any  one. 

Consciousness  returns  during  the  intervals 
between  the  attacks,  and  the  patient  is  over- 
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whelmed  with  intense  grief  and  melancholy, 
which  presents  a  striking  contrast  to  his  former 
mad  fury.  He  rarely  sleeps,  starts  up  dream- 
ing, the  mouth  hangs  open,  the  saliva  cannot 
be  swallowed  ;  fearing  to  injure  his  attendants, 
the  patient  begs  them  to  put  him  out  of  his 
misery  and  end  his  life.  The  face  and  limbs 
are  bathed  in  sweat,  there  is  obstinate  con- 
stipation, often  vomiting  of  bile  and  blood. 
The  urine  is  seldom  passed,  and  is  found  to 
contain  sugar  and  albumin.  Samson  and 
Chippingdale  have  observed  heemoglobinuria 
and  aglobulia.  Genital  disorders  frequently 
supervene ;  the  suflferer  has  emissions  accom- 
panied with  great  pain,  and  forcing  cries  of 
agony. 

Fever  increases  as  the  prodromatic  phase 
progresses ;  it  abates  slightly  in  the  mornings. 
As  death  approaches  the  temperature  rises  very 
high,  as  much  as  43°.  Even  after  death  it 
may  still  continue  high. 

The  pulse  is  rapid  and  intermittent. 

Death  may  result  from  asphyxia  during  the 
course  of  such  an  attack. 

The  period  of  excitement  may  last  one  or 
two  days ;  death  invariably  results  from 
asphyxia  or  syncope. 

IV.  Paralytic  Period. — -This  period  only  lasts 
a  few  hours.  The  sufferer  loses  all  conscious- 
ness and  falls  into  a  state  of  collapse.  In  very 
rare  cases  consciousness  may  return  at  the 
point  of  death. 

Forms. — The  ordinary  form  of  rabies  is 
characterised  by  a  complete  disorganisation  of 
the  whole  nervous  system.  More  rarely  the 
furious  and  preliminary  stages  are  absent  and 
the  rabies  is  manifested  by  paralysis  from  the 
outset ;  the  paralysis  appears,  accompanied  with 
acute  local  pains,  mental  depression,  and  other 
sensory  troubles.  The  sufferer  moves  the  bitten 
limb  with  difficulty,  there  is  paresis  with  loss 
of  co-ordination  present ;  and  later  the  paralysis 
becomes  total.  At  first  limited  to  a  mono- 
plegia or  paraplegia,  it  extends,  accompanied 
by  severe  pain,  to  other  regions  of  the  body ; 
tongue,  face,  eyes,  bladder,  rectum,  and  in- 
testinal muscles  are  all  paralysed,  and  there 
is  constipation  and  retention  of  urine.  Lastly, 
though  not  invariably,  the  vital  centres  in  the 
medulla  are  affected,  breathing  disorders  set 
in,  and  with  them  true  hydrophobia.  The 
paralysis  usually  commences  in  the  bitten 
limb  ;  occasionally  it  may  begin  in  the  opposite 
side.  The  paralysis  comes  on  at  a  late  stage, 
after  the  usual  symptoms  have  set  in. 

Finally,  where  subjects  have  been  inoculated 
with  Pasteur's  vaccine,  rabies  appears  in  a  more 
modified  degree,  limited  to  the  prodromic  phe- 
nomena, as  observed  by  Chautemann,  Roux, 
and  Laveran.  Rabies  does  not  seem  to  depend 
on  the  kind  of  bite.  Gamaleia  contends,  how- 
ever, that  the  worst  bites  bring  on  paralytic 
rabies ;   on  the  other  hand,  Di  Vestea  and  | 


Zagari  maintain  that  ordinary  rabies  results 
from  bites  on  the  head,  and  paralytic  rabies  or 
"  dumb  rabies  "  from  bites  on  the  lower  limbs. 

Animal  Rabies. — All  the  animal  species  suffer 
from  the  two  forms  of  human  rabies,  namely, 
hydrophobia  and  dumb  rabies. 

With  dogs  furious  rabies  is  the  most  common, 
and  exhibits  itself  in  much  the  same  way  as 
in  the  human  race.  Depression,  depraved  appe- 
tite, hallucinations,  fear  of  water,  changed  bark, 
dysphagia  without  hydrophobia,  and  fever. 
Presently  the  animal  is  seized  with  a  frenzied 
restlessness,  a  determination  to  bite  any  thing 
or  person  he  meets.  Death  follows  paralytic 
collapse. 

Dumb  rabies  is  exhibited  by  a  slow  paralysis 
which  first  centres  in  the  muscles  of  the  jaw. 
Death  results  in  three  or  four  days. 

Progress — Duration — Term  ination  —  Pro- 
gnosis.— The  course  taken  by  rabies  is  progres- 
sive, rapid,  and  fatal.  The  bulbar  phenomena 
precede  the  cortical  phenomena  ;  the  rabic  virus 
mainly  attacks  the  nerve  centres. 

The  duration  is  difficult  to  determine  on 
account  of  variability  in  the  prodromic  period  ; 
but  from  the  first  symptoms  to  the  development 
of  true  hydrophobia  the  course  is  rapid,  and 
death  takes  place  in  three  or  four  days,  in  some 
cases  even  on  the  first  day.  Paralysis  is  slower, 
though  not  less  fatal,  death  ensuing  on  the 
seventh  or  eighth  day. 

Rabies  is  almost  always  fatal,  and  death  is  due 
to  asphyxia  or  syncope.  Death  may  also  result 
from  traumatism  or  suicide  during  the  frenzied 
period.  Veterinary  surgeons  have  recorded 
cases  of  recovery  from  rabies  in  animals ;  pos- 
sibly these  were  mild  cases  of  slight  inoculation 
on  an  anterior  part  (Hagges).  Laveran,  Roux, 
and  Chantemesse  have  recorded  cases  of  rabies 
being  cured  when  the  patient  underwent  treat- 
ment at  the  Pasteur  Institute.  Novi  and  Poppi 
knew  a  case  of  a  patient  suffering  from  rabies, 
who  by  the  twentieth  day  of  the  curative  treat- 
ment was  almost  cured.  It  is  thus  evident  that 
rabies  is  not  necessarily  absolutely  fatal. 

Diagnosis. — The  diagnosis  of  human  rabies 
as  a  rule  is  simple,  though  there  are  certain 
diseases  which  may  simulate  rabies. 

The  imaginary  hydrophobia  of  a  bitten  person 
is  excited  by  suggestion  in  a  neurotic  subject. 
If  the  patient  has  some  knowledge  of  the  symp- 
toms of  human  rabies  the  diagnosis  may  be 
difficult.  The  patient  may  also  imitate  canine 
rabies.  If  it  can  be  proved  that  the  suspected 
dog  was  not  mad,  it  may  be  well  to  assume,  in 
the  absence  of  a  period  of  incubation,  that  the 
symptoms  are  merely  hysterical  stigmata  simu- 
lating rabies. 

Tetamis  has  a  much  shorter  period  of  incuba- 
tion, is  always  accompanied  by  contractions, 
especially  a  persistent  trismus,  but  it  never 
develops  into  real  hydrophobia. 

Certain  poisons,  such   as  stramonium  and 
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belladonna,  exhibit  some  symptoms  akin  to 
rabies. 

In  delirium  tremens,  hallucinations  and  de- 
lirium usher  in  the  attack  ;  whereas  in  rabies, 
spasms  and  respiratory  disorders  predominate 
from  the  outset. 

Paralytic  rabies  is  a  form  of  acute  paralysis, 
whose  etiology  is  the  only  guide  to  its  correct 
diagnosis. 

It  is  generally  a  simple  matter  to  recognise 
human  rabies ;  it  is  a  more  difficult  task  to 
foresee  and  determine  rabies  in  the  dog,  but 
this  is  a  matter  of  the  gravest  importance  ;  and 
this  diagnosis  is  absolutely  necessary  in  order  to 
judge  of  the  course  to  be  pursued  in  treating 
the  bitten  man  or  animal. 

Rabies  is  not  always  easy  to  recognise  in  the 
living  animal.  It  is  necessary  to  shut  up  the 
suspected  dog  and  keep  him  under  vigilant 
observation  for  at  least  forty-eight  hours.  By 
killing  the  dog  too  soon  the  risk  is  run  of  not 
obtaining  from  the  autopsy  definite  or  satisfac- 
tory indications  of  the  disease. 

In  cases  where  the  presumption  of  rabies 
justifies  it,  the  animal  must  be  slaughtered, 
and  a  diagnosis  made  by  a  post-mortem  ex- 
amination. The  same  examination  should  be 
made  by  the  veterinary  surgeon,  even  if  the 
animal  has  been  slaughtered  before  he  sees  it. 

The  presence  of  foreign  substances  in  the 
stomach  and  intestines,  the  absence  of  food  in 
the  alimentary  canal,  dryness  of  and  accretions 
on  the  mucous  membrane,  the  presence  of 
glycosuria,  are  indications  of  the  disease,  but 
not  conclusive  ones. 

The  histological  examination  of  the  nerve 
centres  furnishes  still  more  convincing  proofs. 
Babes  studied  a  portion  of  the  medulla  of  a  dog, 
and  searched  for  the  rabic  nodules  (see  p.  460) 
formed  on  the  nerve  tissues  and  surrounded  by 
areas  of  small  cell  infiltration.  Their  presence 
convinced  him  that  the  case  was  one  of  true 
rabies.  Van  Gehuchten  studied  the  ganglion  of 
the  pneumogastric  nerve,  and  asserted  that  in 
rabic  animals  there  were  specific  alterations  of 
the  nerve  cells.  Piliet  and  Vallet  admit  that  the 
lesions  described  by  Van  Gehuchten  are  peculiar 
to  rabies,  but  they  appertain  to  an  advanced 
stage  of  the  disease,  and  are  never  found  in  the 
animals  slaughtered  in  the  early  stages  of  the 
disease.  Marinisco  considers  that  the  nerve 
lesions  noted  by  Bab^s  and  Van  Gehuchten  are 
unreliable  symptoms,  being  neither  specific  nor 
invariable. 

To  obtain  a  correct  diagnosis,  we  must  have 
recourse  to  bacteriological  proof,  a  portion  of 
the  medulla  of  the  suspected  animal  being 
aseptically  inoculated  into  the  eye  of  several 
susceptible  animals,  such  as  dogs  or  rabbits. 
Unfortunately  this  diagnosis  is  a  very  lengthy 
process,  satisfactory  results  seldom  being  ob- 
tained before  thirty  or  forty  days,  indeed  often 
not  till  the  ninetieth  day.    Therefore  persons 


who  have  been  bitten  should  at  once  be  sent  to 
the  Pasteur  Institute  without  waiting  for  this 
tardy  result. 

Pathological  Anatomy. — For  a  long  time 
the  anatomical  lesions  of  rabies  were  entirely 
unobserved.  By  degrees  physicians  began  to 
describe  certain  vascular  lesions  in  conjunction 
with  small  cell  infiltrations  of  the  nerve  centres, 
and  in  consequence  rabies  was  treated  as  an 
encephalic  myelitis.  Since  1890  histologists 
have  observed  various  microscopic  lesions,  the 
exact  nature  of  which  has  not  yet  been  explained. 

At  the  autopsy  of  a  man  or  animal  who  has 
died  of  rabies,  the  cerebral  and  spinal  meninges 
are  invariably  found  to  be  greatly  congested 
and  oedematous,  with  haemorrhages  at  the  vein 
centres.  The  adjacent  nerve  tissue  presents  a 
congested  appearance,  with  small  hsemorrhagic 
spots.  These  lesions  are  most  numerous  in  the 
region  of  the  medulla,  the  basal  ganglia,  spinal 
cord,  and  anterior  and  posterior  nerve  roots. 

Microscopical  examination  reveals  alterations 
in  the  blood-vessels ;  they  are  surrounded  by 
small  cell  infiltrations,  which  give  them  a 
moniliform  appearance.  These  nodules  consist 
of  clusters  of  round  perivascular  cells.  The  veins 
appear  to  have  undergone  a  hyaline  degeneration 
(Kolesnikofi').  There  is  also  small  cell  infiltra- 
tion and  a  multiplication  of  the  fixed  cells,  the 
transparency  of  the  veins  becoming  obscured 
by  a  thrombus  or  by  the  accumulation  of 
leucocytes.  The  diseased  veins  are  liable  to 
burst.  Benedict  found  miliary  aneurysms ; 
Schaffer  and  Babes  observed  capillary  hsemor- 
rhages.  The  nerve  cells  of  the  cord  and  the 
medulla  undergo  marked  alterations.  Schaff"er 
and  Poppof  studied  the  pigmentary  atrophy  of 
the  cells  in  two  cases  of  human  rabies.  Babes, 
Golgi,  Nagy,  Marinisco,  etc.,  describe  these 
chromatic  phenomena,  changes  in  the  colouring 
matter  and  in  the  protoplasmic  cells,  actual 
disappearance  of  the  chromatic  elements, 
vascular  degeneration,  loss  of  the  cellular  pro- 
longment,  and  modification  and  disappearance 
of  the  nucleus.  Babes  follows  up  Kolesnikoff 
and  Coats  in  describing  the  relations  between 
the  cells ;  tells  how  they  are  invaded  by  small 
round  cells  and  hyaline  corpuscles.  He  lays 
special  stress  on  the  pericellular  miliary  foci, 
which  he  styles  rabic  tvibercles,  and  deems  an 
invariable  accompaniment  of  rabies. 

Van  Gehvichten  and  Nelis  studied  the  lesions 
of  the  cerebro-spinal  ganglia,  which  they  in  their 
turn  consider  specially  characteristic  of  rabies. 
Numerous  nerve  cells  disappear,  and  are  re- 
placed by  clusters  of  small  round  cells.  The 
remaining  cells  present  various  lesions  of  the 
protoplasm  and  nucleus ;  at  times  even  the 
nerve  cells  of  the  ganglion  entirely  disappear. 
These  lesions  attain  their  maximum  in  the  nodose 
ganglion  of  the  pneumogastric.  Polaillon  and 
Nerven  had  already  noticed  analogous  lesions  in 
the  Gasserian  ganglion.    The  most  noteworthy 
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changes  are  (according  to  SchafFer)  found  in  the 
medullary  segments,  which  have  a  nerve  connec- 
tion with  the  seat  of  the  bite.  In  the  white 
substance  the  axis  cylinders  become  enlarged, 
either  denuded  or  contrariwise,  surrounded  by 
a  thick  veil  of  myeline.  The  peripheral  parts 
of  the  nerve,  especially  the  nerves  of  the  bitten 
limb,  undergo  degeneration. 

A  study  of  the  lesions  of  the  other  organs  is 
equally  interesting  and  characteristic.  Pharyn- 
gitis, congestion  of  the  salivary  glands,  gastric 
congestion,  hepatic  congestion,  etc.,  are  all 
noticeable.  An  examination  of  the  stomach 
proves  of  use  in  dogs :  the  presence  of  unusual 
objects  in  the  viscera,  of  whatever  kind,  is  most 
essential  in  a  retrospective  diagnosis  of  rabies. 

The  bronchial  mucous  membrane  and  the 
lungs  are  congested,  the  kidneys  are  often  the 
seat  of  nephritis.  The  lymphatic  glands  are 
enlarged  ;  the  blood  grows  diffluent  and  dark  in 
colour,  as  it  does  in  grave  infectious  fevers ; 
haemorrhages  occur  in  the  different  organs. 

Bacteriology. — Exi^erimental  Rabies. — -The 
experimental  study  of  rabies  has  been  most 
exhaustively  investigated  by  Pasteur  and  his 
students.  Though  it  is  still  impossible  to  state 
definitely  the  precise  nature  of  the  rabic  virus, 
their  able  researches  have  found  out  the  seat 
of  the  virus  in  the  organism,  its  mode  of  intro- 
duction and  propagation,  and  the  best  means 
by  which  its  virulent  activity  may  be  modified. 
This  study  brings  us  to  the  practical  application 
of  the  Pasteur  vaccine. 

Seat  of  the  Virus  in  the  Organism. — It  was 
long  supposed  that  the  saliva  of  rabic  dogs 
and  human  beings  was  virulent,  and  Grunner 
and  Salm  Reiferschidt  in  1813  furnished  proofs 
of  this.  Novard  and  Roux  later  have  proved 
that  this  is  only  supposition,  and  show  that 
virus  in  the  saliva  is  capricious  and  variable, 
and  greatly  depends  on  the  point  of  inoculation. 
In  the  case  of  a  dog  inoculated  in  the  eye,  the 
saliva  became  virulent  three  days  before  the 
appearance  of  the  nervous  phenomena,  and  in  a 
dog  inoculated  in  the  neck  the  virus  became 
virulent  thirty  hours  before  the  animal  developed 
rabic  symptoms.  The  virulence  of  the  saliva 
does  not  proceed  from  a  dilution  with  the 
bronchial  mucus  as  P.  Bert  believed.  The 
experiments  of  Hartwig,  Galtier,  and  Bardach 
are  proof  that  the  salivary  glands  themselves 
contain  the  virus.  Galtier,  Breschet,  Renault, 
P.  Bert,  etc.,  all  agree  that  the  virus  does 
not  exist  in  the  blood,  the  lymph,  or  the 
muscular  tissue.  In  rare  cases  the  milk  has 
been  found  to  be  infected  (Perroncito,  Carita, 
and  Nocard).  The  poison  also  may  occasionally 
infect  the  glands  and  varioiis  secretions  of  the 
body,  e.g.  pancreatic  fluid,  spermatic  fluid, 
urine,  etc. 

The  nervous  system  contains  the  virus  with 
marked  and  unfailing  certainty.  It  is  always 
found  in  the  medulla,  in  the  spinal  cord  and 


brain.  The  white  substance  contains  an  equally 
virulent  virus  as  the  grey  substance.  Pasteur 
proved  that  for  the  purpose  of  inoculation  the 
medulla,  treated  aseptically,  may  be  used  as  a 
far  more  reliable  inoculant  than  the  saliva. 
The  virus  is  also  found  in  the  peripheral  nerves, 
but  not  so  invariably  (Roux). 

Modifications  of  the  Virus  by  Physical,  Chemi- 
cal, and  Biological  Agents. — In  the  cadaver  the 
rabic  virus  has  been  found  to  resist  putrefac- 
tion for  forty-five  to  fifty  days  (Galtier).  Its 
virulence  progressively  diminishes  (Russo, 
Travali,  and  Brancaleone). 

Roux  recommends  glycerine  as  the  best  agent 
in  which  to  preserve  the  rabic  medulla  ;  the 
bulb  may  be  kept  in  glycerine  for  four  weeks 
without  any  sensible  diminution  of  its  viru- 
lence. 

Heat  has  a  powerful  effect  on  the  rabic  virus, 
which  is  rapidly  destroyed  at  60°  (Roux),  in  one 
hour  at  90°,  and  in  twenty-four  hours  at  49° 
(Celli).  Cold,  on  the  other  hand,  has  little  or  no 
eff'ect ;  the  medulla  of  a  rabic  rabbit  preserved 
its  virulence  for  ten  months  kept  at  a  tempera- 
ture of  10°  to  27°  (Celli).  The  freezing  of  7° 
to  8°  atmosphere  has  no  effect.  The  action  of 
light  can  destroy  the  virus  in  forty  hours  at  37° 
(Celli). 

Antiseptics  quickly  destroy  the  virus  (Celli). 

Pasteur  makes  use  of  the  combined  action  of 
the  air,  of  desiccation,  and  of  light  in  diminish- 
ing the  strength  and  ultimately  destroying  the 
virus,  and  also  in  obtaining  spinal  cords  pos- 
sessing varying  degrees  of  virulence.  The 
spinal  cord  of  a  rabbit  exposed  to  a  drying  air 
at  23°  loses  its  virulence  in  six  days. 

The  activity  of  the  rabic  virus  may  be 
modified  at  will  by  its  passage  through  several 
animals.  The  virus  of  dogs  whose  mode  of 
existence  has  already  inoculated  them  with 
"the  virus  of  the  streets"  is  less  deadly.  The 
virus  from  one  of  them  inoculated  under  the 
dura  mater  will  give  rabies  after  an  incubation 
of  fifty  days. 

An  increase  of  the  virulence  is  obtained  by 
successive  passages  through  rabbits,  the  inocu- 
lation each  time  being  made  from  the  medulla 
of  the  last  rabbit.  At  the  133rd  passage  the 
duration  of  the  incubation  is  seven  days ;  at 
the  178th  it  is  six  days  (Pasteur).  The  "virus 
of  passage"  is  a  "fixed  virus."  It  retains  its 
strength  in  passing  through  a  dog,  and  always 
kills  the  rabbit  with  the  same  incubation  period. 
The  rabbit  is  thus  a  reactive  agent  on  account 
of  the  purity  and  strength  of  the  rabies,  which 
in  its  case  assumes  the  paralytic  form,  the 
paralysis  commencing  in  the  posterior  parts, 
and  is  preceded  by  increased  rapidity  of  breath- 
ing, by  polyuria,  a  loss  of  weight,  and  rise  of 
temperature.  The  "fixed  virus"  is  more 
rapidly  obtained  by  passage  through  young 
animals  (Hogyes).  An  attenuation  of  virulence 
is  obtained  by  passage  through  the  monkey. 
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Inoculation  with  Virus. — All  parts  are  not 
equally  favourable  for  inoculation.  The  surest 
and  most  rapid  entrance  is  inoculation  in  the 
seventh  nerve  ;  its  results  never  fail.  Pasteur 
has  also  trephined  the  cranium  and  injected  the 
virulent  liquid  under  the  dura  mater  with 
equal  success. 

The  same  holds  good  of  inociilation  into  the 
subcutaneous  lesser  nerves,  by  tempering  a 
section  with  one  drop  of  virus  (Di  Vestea  and 
Zagari). 

Intra-muscular  inoculation  has  much  the 
same  measure  of  success  (Helman). 

Inoculation  by  scarification  of  the  skin  succeeds 
only  in  one-third  of  the  cases,  and  has  besides 
a  very  variable  incubation.  It  is  only  resorted 
to  if  the  virus  is  impure. 

Inoculation  of  the  subcutaneous  cellular 
tissue  of  the  serous  or  mucous  membranes  can- 
not be  relied  upon.  Bardach  and  Nocard  are 
very  doubtful  whether  injections  of  rabic  spinal 
cords  into  the  mucous  membranes  of  animals  is 
effective.  Galtier  also  obtained  very  doubtful 
results  from  painting  the  mucous  membrane 
with  virus,  so  much  depends  on  the  condition 
of  the  mucus.  Inoculation  into  the  blood 
results,  according  to  circumstances,  in  either 
rabies  or  protective  vaccination.  In  treating 
dogs,  an  injection  of  rabic  saliva  only  infects 
them  with  rabies  uncertainly,  whereas  the  in- 
jection of  an  emulsion  of  the  medulla  always 
residts  in  rabies  (Roux).  With  regard  to 
ruminants  Galtier  asserts  that  venous  inocula- 
tion is  vaccinative,  not  infectant. 

Intra-uterine  transmission  of  rabies  is  made 
by  the  blood-vessels  ;  Perroncito,  Carita,  and 
Camillac  and  Gibier  all  agree  as  to  this  fact. 

Mode  of  Propagation  in  the  Organism. — Jac- 
coud  had  already  surmised  that  the  rabic  virus 
is  propagated  through  the  nerves.  Experiments 
by  Di  Vestea  and  Zagari  have  proved  that  after 
inoculation  under  the  dura  mater  of  the  brain 
the  toxins  first  appear  in  the  medulla,  proceed- 
ing thence  to  the  lumbar  enlargement.  Again, 
if  the  sciatic  nerve  is  inoculated,  the  lumbar 
enlargement  becomes  virulent  before  the  medulla. 
Lastly,  if  the  nerve  is  excised  below  the  inocu- 
lated point,  and  the  peripheric  end  cauterised, 
the  infection  is  either  abortive  or  checked  for 
the  time.  In  the  same  manner  if,  after  inocula- 
tion of  the  sciatic  nerve,  the  spinal  cord  is 
divided  below  the  origin  of  the  nerve,  all  the 
inferior  segments  of  the  cord  and  the  nerves 
which  have  been  divided  become  virulent,  but 
the  superior  segment  remains  normal. 

These  facts  have  been  confirmed  by  the  ex- 
periments of  Roux,  who  has  found  that  only 
the  nerves  nearest  the  bite  are  virulent. 

This  accounts  for  the  gravity  and  rapidity 
of  the  virulence  when  the  bites  are  on  the  face, 
a  region  full  of  nerves,  and  nearer  the  medulla 
than  the  limbs. 

As  formerly  mentioned,  the  virus  may  also 


be  transmitted  through  the  blood-vessels  into 
the  body. 

Nature  of  the  Virus. — The  active  agent  of 
rabic  infection  is  most  probably  a  living  organ- 
ism. The  progress  of  the  disease,  its  inocula- 
bility,  the  resistance  of  the  virus  to  physical 
and  chemical  agents,  all  point  to  microbes  as 
the  causal  agent  (Roux).  The  loss  of  virulence 
in  filtered  liquids,  although  they  can  be  pre- 
served and  propagated  by  the  filter,  betrays 
the  presence  of  microbes,  although  the  particular 
microbe  has  not  yet  been  isolated. 

Imnmmiisation. — In  1881  Pasteur,  in  the 
course  of  his  researches,  ascertained  that  certain 
dogs  inoculated  with  non-fatal  rabic  virus  were 
thus  vaccinated  against  subsequent  inoculations. 
His  aim  then  was  to  procure  this  immunisation 
or  vaccination  by  every  effort  in  his  power. 

By  passage  of  the  virus  a  certain  number  of 
times  through  monkeys,  Pasteur  in  1884  was 
able  to  obtain  a  virus  of  diminished  virulence. 
Progressive  inoculations  of  this  weakened  virus 
were  found  to  immunise  dogs  against  the  fixed 
virus,  inoculated  by  trephining. 

The  following  year  Pasteur  and  his  colleagues, 
Chamberland  and  Roux,  discovered  a  new 
method  of  attenuating  the  virus  by  desiccation, 
more  unfailingly  certain  than  the  other  in  its 
results ;  this  method  is  still  in  vogvie. 

Subcutaneous  injections  of  progressive  virus 
immunise  the  dog  against  the  fixed  virus,  even 
if  a  virulent  inoculation  precedes  the  vaccinal 
inoculation.  These  attenuated  viri  are  obtained 
by  suspending  the  rabic  spinal  cord  of  rabbits 
in  a  flask  containing  potash,  kept  in  a  tempera- 
ture of  23°.  By  the  sixth  day  the  cord  has 
lost  all  virulence.  To  prepare  the  cord  for 
use,  a  piece  3  millimetres  long  is  dissolved  in 
1  centimetre  cube  of  sterilised  bouillon. 

The  virus  can  also  be  attenuated  by  diluting 
an  emulsion  of  rabic  tissue  in  saline  solution 
(Hogyesj.  Babes  dilutes  the  cord  tissue  in  the 
serum  of  an  immunised  dog.  These  viri  are 
usually  inoculated  under  the  skin ;  Galtier 
also  aflirms  that  ruminants  may  be  inoculated 
by  the  blood-vessels,  but  this  process  is  not 
infallible.  Immunity  may  be  obtained  very 
speedily.  Thus  it  is  possible  to  inoculate  dogs, 
and  in  eighteen  hours  they  can  resist  inocu- 
lation of  the  fixed  virus  under  the  dura  mater. 
Oi'dinarily,  immunity  cannot  be  obtained  before 
the  tenth  day. 

Immunity  renders  the  subjects  capable  of 
sustaining  considerable  doses  of  virus  by 
inoculation.  An  operator  has  been  able  with- 
out difficulty  to  effect  209  inoculations  in  six 
months. 

The  immunity  lasts  one  year  in  21  cases  out 
of  100  dogs  so  treated  ;  two  years,  33  per  100  ; 
five  years  or  more  with  others  (Pasteur). 

The  production  of  this  immunised  medium 
is  not  easily  explained.  Desiccation  does  not 
seem  to  act  altogether  as  a  diminisher  of  the 
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virulence  of  the  rabic  marrow,  for  in  cases 
where  rabbits  have  died  from  inoculation  with 
the  dried  marrow  their  medulla  still  contains 
fixed  virus.  Immunity  is  not  then  obtained 
by  inoculation  with  attenuated  virus.  Possibly 
the  attenuated  virus  has  only  an  impoverishing 
effect  on  the  virus  contained  in  the  cord 
(Hogyes). 

Pasteur  has  a  theory  that  the  immunising 
agent  points  to  the  presence  of  an  antitoxin 
matter  associated  with  the  rabic  microbe.  The 
microbe  keeps  its  virulence  intact  in  all  the 
desiccated  cords,  but  there  destroys  itself  more 
quickly  than  the  vaccinal  matter. 

Vaccination  with  soluble  substances  elaborated 
from  the  rabic  microbes  has  also  been  tried 
unsuccessfully.  Babes  and  Cerchez,  with 
moderate  success,  have  employed  blood  of 
vaccinated  animals  as  an  agent.  According  to 
Nocard  the  vaccinated  serum  destroys  the  rabic 
virus  when  it  is  in  contact  with  it,  but  it  does 
not  succeed  in  preventing  its  evolution. 

Treatment. — Prophylactic. — The  most  effi- 
cient prophylactic  measures  for  checking  the 
spread  of  rabies  are  sanitary  regulations 
properly  enforced.  It  is  essential  that  all  cases 
of  known  or  suspected  rabies  be  at  once  notified 
to  the  authorities,  who  have  power  to  slaughter 
all  animals  suspected  of  having  been  bitten. 
The  total  destruction  of  all  the  contaminated 
animals  is  almost  impossible  owing  to  the  vast 
number  of  ownerless  dogs.  This  difficulty  has 
been  met  and  considerably  modified  in  countries 
where  there  is  a  sufficiently  high  dog-tax.  The 
Veterinary  Congress  at  Vienna  in  1869  fully 
recognised  this.  The  payment  of  the  tax 
would  be  considerably  aided  if  all  dogs  were 
obliged  to  wear  a  tax  medal.  Bavaria  is  a 
striking  example  of  vigilant  police  surveillance. 
In  1873  there  were  821  cases  of  rabies  in 
Bavaria;  the  numbers  fell  to  69  cases  in  1881, 
and  6  cases  in  1884.  The  enforcement  of 
police  regulations  has  banished  rabies  from 
the  Grand  Duchy  of  Baden,  Holland,  and 
Sweden. 

Curative  Measures — (1)  After  the  Bite. — 
When  local  treatment  can  be  immediately 
applied  it  must  not  be  neglected,  always  remem- 
bering that  this  treatment  is  very  insufficient, 
and  shoiild  not  inspire  a  false  security. 

Immediately  after  the  bite  the  wound  must 
be  attended  to,  first  by  tying  a  ligature  on  the 
limb  above  the  bitten  part,  and  then  cauterising 
the  wound  deeply  with  a  red-hot  iron.  If  the 
teeth  have  not  penetrated  beyond  the  sound 
surface  of  the  skin  it  is  sufficient  to  bathe  the 
infected  parts  with  an  antiseptic.  Inoculation 
is  always  necessary,  and  ought  to  be  done  as  soon 
as  possible  after  the  bite.  According  to  the 
old  method  the  treatment  lasted  ten  days ;  an 
inoculation  was  made  each  day,  commencing 
with  the  fourteenth  day's  marrow,  and  leading 
on  successively  to  the  fifth.    At  the  present 


time  this  method  is  extensively  employed, 
beginning  with  the  fourteenth  day's  marrow 
and  ending  with  the  third.  In  serious  cases 
the  different  degrees  of  marrow  are  used 
more  rapidly,  arriving  on  the  third  day  to 
marrow  of  the  sixth  strength,  and  the  fourth 
day  to  virulent  marrow.  The  duration  of  the 
treatment  varies,  according  to  the  gravity  of 
the  case,  from  fifteen  to  twenty-two  days.  If 
any  pain  is  still  felt  at  the  seat  of  the  bite  a 
fresh  series  of  inoculation  is  begun,  which  fre- 
quently may  check  the  development  of  rabies. 
The  inoculations  are  not  very  painful,  and  are 
only  followed  by  a  general  local  reaction,  some- 
times by  erythema  and  itching.  In  order 
properly  to  estimate  the  results  of  the  inocula- 
tion treatment  we  must  look  at  the  statistics 
of  the  Pasteur  Institute.  In  1896  the  number 
of  persons  treated  was  1308,  of  whom  only 
four  died.  This  gives  a  mortality  of  0"30  per 
100.  When  this  mortality  is  compared  with 
the  mortality  of  non-treated  rabies,  which  is 
16  per  cent,  the  immense  benefit  of  the  Pasteur 
treatment  can  be  better  appreciated.  The 
statistics  of  the  Pasteur  Institutes  in  France 
and  other  countries  agree  with  those  of  Paris. 
Nevertheless  there  are  many  criticisms  and 
objections  made  to  rabic  inoculation.  Indeed, 
it  is  accused  of  being  inefficient  and  dangerous  ! 
The  foregoing  statistics  conclusively  answer  the 
first  objection,  and  Vulpion  and  Brouardel  have 
replied  to  the  second.  They  maintain  and 
prove  that  of  the  inoculated  cases  which  do  not 
recover  death  is  due  to  "  the  rabies  of  the 
streets,"  not  to  the  "rabies  of  the  laboratories," 
as  Peter  terms  it. 

(2)  After  the  Appearance  of  Rabies. — The 
Pasteur  treatment  is  ineffectual  after  the  rabies 
is  pronoimced,  unless  it  happen  that  the  rabies 
come  on  during  the  course  of  the  treatment — 
then  there  may  still  be  hope.  Noir  and  Poppi 
have  saved  cases  of  paralytic  rabies,  appear- 
ing about  the  twentieth  day  of  treatment,  by 
substituting  intravenous  injections  for  the 
subcutaneous.  Other  remedies  are  merely 
palliative.  Large  doses  of  morphia,  chloral, 
chloroform,  or  bromide  of  potassium  may  be 
administered  to  soothe  the  paroxysms.  The 
injection  of  artificial  serum  or  continuous 
currents  along  the  spine  may  be  tried  with  good 
effect  (Schivardi).  Finally,  it  is  essential  to 
avoid  all  excitement,  and  keep  the  sufferer  in  a 
darkened  room,  avoiding  light,  noise,  draughts, 
or  anything  likely  to  excite  his  extreme  nervous 
susceptibility. 

Ra.ce.  See  Cholera,  Epidemic  {Etiology, 
Racial  Relations) ;  Generation,  Female  Organs 
OF  {Pelvic  Differences  due  to  Race) ;  Obesity 
{Etiology,  Race). 

Ra.ceinOSea — Branched  like  a  cluster  of 
grapes  (Lat.  racemus,  a  cluster) ;  e.g.  a  racemose 
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gland  {see  Physiology,  Tissues,  Secreting  Epi- 
thelium), racemose  aneurysm  (aneurysm  by 
anastomosis). 

Ra,Chi-. — In  compound  words  rachi-  (Gr. 
pa.xi<;,  the  backbone)  means  relating  to  the 
spine  ;  e.g.  rachiagra  (gouty  pain  in  the  back), 
rachialgia  (neuralgic  pain  in  the  back),  rachio- 
campsis  (spinal  curvature),  rachiopAegia  (spinal 
paralysis),  and  rachiasmus  (spasm  of  the  pos- 
terior cervical  muscles). 

Ra.Chiceie. — The  protrusion  of  the  con- 
tents of  the  spinal  canal  through  an  opening  in 
the  walls  of  the  canal.    See  Spina  Bifida. 

Rachicocainisation.— The  produc- 
tion of  anaesthesia  by  lumbar  pvincture,  the 
ansesthetic  (cocaine)  being  injected  into  the 
subarachnoid  space.  See  Spine,  Surgical  Af- 
fections OF  {Spinal  Cocainisation). 

Rachiotomy. — The  division  of  the  spine 
of  the  foetus  to  permit  of  its  extraction  in 
difficult  labours,  e.g.  in  impacted  shoulder  cases. 

Rachischisis  or  Rhachischisis. 

— Spina  bifida  (q.v.) ;  the  whole  spine  may  be 
open  (holo7-hachischisis)  or  only  a  part  of  it, 
such  as  in  the  cervical  or  lumbar  regions 
(nieroj'hachischisis) . 

Rachitis.  See  Rickets;  Deformities 
{Ge7iu  Valgum,  etc.)  ;  Scurvy,  Infantile  ;  etc. 

Rachi  tome. — An  instrument  for  divid- 
ing or  opening  into  the  spine  in  rachiotomy. 

Radesygfe.  See  Venereal  Disease  (Al- 
lied Diseases). 

Radial. — in  Anatomy  radial  means  relat- 
ing to  the  radius  (bone  of  the  forearm)  or  to 
that  aspect  of  the  ai'm  where  the  radius  is 
situated,  e.g.  radial  artery,  nerve,  pulse,  or  vein. 

Radiator.  See  Ventilation  and  Warm- 
ing [Heating  by  Steam,  etc.). 

Radical  or  Radicle. — In  Chemistry  a 

radical  {radicle,  since  1862)  is  "an  element  or 
atom  {simple  radical)  or  a  group  of  these  {com- 
pound radical),  forming  the  base  of  a  compound 
and  remaining  unaltered  during  the  ordinary 
chemical  reactions  to  which  this  is  liable " 
(Murray's  New  English  Dictionary) ;  in  Surgery 
the  term  means  thorough,  touching  what  is 
essential,  or  going  to  the  root  of  anything,  e.g. 
a  radical  operation,  a  radical  cure,  etc. 

Radio-. — In  compound  words  radio-  means 
relating  to  the  radius  (bone  of  the  arm),  or  to 
radium  (the  metal),  or  to  radiant  energy ;  e.g. 
radio-carpal  (relating  to  the  radius  and  to  the 
carpus),  radiodermatitis  (inflammation  of  the 
skin  due  to  the  action  of  the  Rontgen  rays),  and 
radiotherapy  (treatment  of  disease  by  radiant 
energy). 


Radiography.  —  Photography,  or  the 
impression  of  objects  on  sensitised  plates  by  the 
Rontgen  rays,  or  skiagraphy,  the  result  being  a 
radiogram  or  skiagram.  See  X-Rays.  See  also 
Eyeball,  Injuries  of  {Foreign  Bodies,  Removal); 
Kidney,  Surgical  Affections  op  {Stone,  Diag- 
nosis of  Renal  Calculi) ;  Lung,  Tuberculosis 
of  {Diagnosis,  Rimtgen-ray  Illumination) ;  Medi- 
astinum {Growths,  Diagnosis) ;  Oesophagus,  In- 
juries AND  Diseases  {Foreign  Bodies,  Examina- 
tion by  Radiography). 

Radioscopy. — The  examination  of  parts 
of  the  body  or  objects  by  means  of  the  Rontgen 
rays.    See  X-Rays. 

Radium. — Radium,  the  remarkable  pro- 
perties of  which  have  excited  so  much  interest 
throughout  the  scientific  world,  was  discovered 
by  M.  and  Mme.  Curie  in  1898.  The  discovery 
was  led  up  to  by  a  number  of  different  investiga- 
tions extending  back  to  the  middle  of  the  nine- 
teenth century,  when  Geissler  showed  that  an 
electric  discharge  through  a  vacuum  tube  caused 
the  tube  to  glow.  Crookes,  in  1879,  working 
with  tubes  of  much  higher  vacuum  (one- 
millionth  of  an  atmosphere),  discovered  that 
luminosity  was  produced  at  the  negative  end  of 
the  tube  ;  and  in  1895  Rontgen,  finding  that  the 
rays  from  a  Crookes'  tube  caused  barium  cyanide 
to  fluoresce,  was  led  to  further  experiment  which 
culminated  in  the  discovery  of  Rontgen  rays. 
The  nature  of  the  connection  between  Crookes' 
cathodal  rays  and  Rontgen  rays  was  settled  by 
J.  J.  Thomson,  who  proved  that  the  former  con- 
sisted of  a  stream  of  negatively  charged  material 
particles,  the  impact  of  which  against  the  glass 
gave  rise  to  a  series  of  disconnected  pulses  with- 
out periodicity — the  X-rays.  The  practical  ap- 
plications of  Rontgen's  discovery  were  so  evident 
as  at  once  to  stimulate  fresh  research,  and  in 
1896  Becquerel  found  that  certain  uranium 
compounds  which  have  the  property  of  fluores- 
cence affected  a  photographic  plate  in  the  dark, 
even  if  they  had  ceased  to  fluoresce  through 
not  having  been  exposed  to  sunlight  for  some 
days.  Following  up  this  clue,  Mme.  Curie 
found  that  pitchblende,  whence  uranium  is  ob- 
tained, was  even  more  radio-active  than  the 
metal  itself.  After  a  laborious  research  she 
showed  that  this  radio-activity  was  due  to  two 
new  elements — polonium,  which  about  equals 
uranium,  and  radium,  which  in  its  pure  state  is 
about  two  million  times  as  active. 

Radium  belongs  to  the  alkaline  group  of 
metals,  and  is  intermediate  between  barium 
and  thorium ;  it  has  not  been  isolated  in  the 
pure  state,  but  if  it  was  it  would  probably 
behave  like  sodium  and  oxidise  rapidly.  The 
bromide  and  chloride  of  radium  are  the  salts 
employed.  These  are  extracted  fi-om  pitch- 
blende refuse  (uraniuite)  from  which  the 
uranium  has  been  removed.    The  final  separ- 
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ation  of  the  radixxm  from  the  barium  and 
calcium  chloride  with  which  it  is  mixed  is 
effected  by  a  process  of  fractional  crystallisation. 
In  the  successive  stages  of  the  isolation  of  the 
substance  Mme.  Curie  made  use  of  a  suitable 
electroscope  by  which  the  ionisation  of  air  by 
radio-active  bodies  could  be  detected.  In  this 
way  she  learned  whether  the  radio-active  sub- 
stance she  sought  was  in  the  precipitate  or  in 
the  filtrate  after  each  chemical  operation.  Pure 
radium  chloride  is  a  white  crystalline  body  with 
an  atomic  weight  of  225.  The  amount  present 
in  different  minerals  bears  a  constant  relation  of 
1  :  1,000,000  to  the  uranium  which  they  con- 
tain. A  ton  of  Joacbimsthal  uraninite  should 
yield  about  '17  gramme  of  radium. 

Here  only  the  more  important  properties  of 
radium  can  be  mentioned.  The  whole  question 
of  radio-activity  is  extremely  complicated,  and 
for  authoritative  information  concerning  the 
latest  theories  it  involves,  reference  should  be 
made  to  Rutherford's  Radio-active  Transforma- 
tions (London,  1906).  Radium  has  the  peculi- 
arity of  maintaining  itself  at  a  temperature  of 
2°-3°  F.  above  the  surrounding  air ;  in  other 
words,  it  gives  off  enough  heat  every  hour  to 
melt  its  own  weight  of  ice,  and  goes  on  doing 
this  indefinitely,  without  undergoing  any 
appreciable  change.  It  has  the  further  power 
of  ionising  gases — that  is,  it  converts  the  air 
between  the  terminals  of  an  electric  current 
into  a  conductor ;  this  property  is  made  use  of 
in  measuring  radio-activity.  It  has,  as  a  third 
peculiarity,  the  power  of  rendering  certain 
fluorescent  bodies  luminous.  It  also  induces 
temporary  radio-activity  in  substances  placed 
near  it.  This  is  due  to  an  emanation  of  radio- 
active gaseous  material  which  is  deposited  as  a 
non-gaseous  type  of  matter  on  all  bodies  in  the 
neighbourhood.  Thus  the  processes  taking 
place  are  very  complicated.  "  In  a  compound 
of  radium  there  occurs  a  rapid  expulsion  of  a 
and  /3  particles,  accompanied  by  the  generation 
of  y  rays,  a  rapid  emission  of  heat,  the  con- 
tinuous production  of  an  emanation  or  gas,  and 
the  formation  of  an  active  deposit  which  gives 
rise  to  'excited'  activity"  (Rutherford).  The 
most  feasible  explanation  of  these  phenomena 
is  afforded  by  the  "disintegration  theory"  of 
Rutherford  and  Soddy.  "  It  is  supposed  that 
the  atoms  of  the  radio-active  bodies  are  un- 
stable, and  that  a  certain  fixed  proportion  of 
them  become  unstable  every  second  and  break 
up  with  explosive  violence,  accompanied  in 
general  by  the  expulsion  of  an  a  or  y8  particle 
or  both  together.  The  residue  of  the  atom,  in 
consequence  of  the  loss  of  an  a  particle,  is  lighter 
than  before,  and  becomes  the  atom  of  a  new  sub- 
stance quite  distinct  in  chemical  and  physical 
properties  from  its  parent." 

The  radiations  are  divided  iiito  a,  /3,  and  y 
^  radiations,  which  agree  in  acting  upon  photo- 
graphic plates,  in  exciting  phosphorescence,  and 

VOL.  VIII 


in  discharging  electrified  bodies ;  they  disagree 
in  many  important  respects.  The  a  rays  consist 
of  positively  charged  material  particles  about 
twice  the  size  of  a  hydrogen  atom  projected  at 
the  rate  of  20,000  miles  a  second  ;  they  do  not 
penetrate  a  plate  of  aluminium  '05  mm.  thick, 
and  are  slightly  deflected  in  a  magnetic  field. 
The  /S  rays  also  consist  of  material  particles ; 
they  are  only  yo'o^  of  the  size  of  the  a  par- 
ticles, are  negatively  charged  with  electricity, 
and  are  projected  at  the  rate  of  1,000,000 
miles  a  second.  They  penetrate  5  mm.  of 
aluminium,  and  are  readily  deflected  in  the 
magnetic  field.  The  y  rays  are  not  material ; 
their  velocity  is  enormous,  they  can  penetrate 
50  cm.  of  aluminium,  and  are  not  deflected  in 
the  magnetic  field.  Rutherford  and  Soddy 
have  shown  that  the  a  particles,  if  not  identical 
with  atoms  of  helium,  are  at  least  very  closely 
related  to  that  element.  The  /3  rays  are  iden- 
tical with  the  cathodal  stream,  and  the  y  rays 
nearly  resemble  the  penetrating  X-rays  pro- 
duced by  a  high  vacuum  tube.  They  are  thus 
a  type  of  wave-motion  in  the  ether  dependent 
on  the  expulsion  of  the  ji  particles. 

Bromide  and  chloride  of  radium  emit  very 
little  emanation  in  a  dry  atmosphere.  The 
emanation  is  stored  up  in  the  mass  of  the 
compound,  but  is  released  by  heat  or  solution. 
Radium  which  has  thus  been  freed  from  emana- 
tion suffers  a  diminution  in  its  activity  as 
measured  by  the  a  rays,  but  this  loss  is  re- 
covered from  as  more  emanation  is  produced 
and  stored  up  in  the  mass.  The  emanation 
itself  behaves  like  a  heavy  gas,  but  is  not 
permanent  and  undergoes  disintegration  with 
the  further  expulsion  of  a  particles  and  their 
deposit  on  surrounding  bodies.  The  emana- 
tion is  about  100,000  times  as  active  as  radium, 
and  its  transformation  is  accompanied  by  an 
enormous  evolution  of  heat.  It  is  "  the  concen- 
trated essence  of  the  radio-activity  of  radium." 
A  "  tube  containing  the  radium  emanation  .  .  . 
emits  a,  yS,  and  y  rays,  evolves  heat,  and  pro- 
duces luminosity  in  many  substances.  Radium 
itself,  freed  from  the  emanation  and  the  active 
deposit,  emits  only  a  rays  "  (Rutherford). 

Medical  Uses  of  Radium. — On  the  whole, 
the  medical  uses  of  radium  are  not  very  dis- 
similar to  those  of  the  X-rays.  Owing  to  its 
cost,  and  the  small  amount  in  which  it  is  pro- 
curable, it  is  not  practicable  to  employ  it  as  a 
means  of  taking  skiagrams,  although  experi- 
mentally the  procedure  is  feasible  enough.  The 
same  circumstances  also  militate  against  its 
general  use  in  other  ways. 

Physiological  Effects. — Exposure  to  the  radia- 
tions causes  dermatitis,  which  may  go  on  to 
intractable  ulceration.  A  latent  period  of 
8  or  10  days  elapses  before  these  effects  are 
produced.  Exposure  to  radium  of  1,000,000 
strength  for  3  hours  will  cause  dermatitis ;  for 
10  hours,  ulceration.     When  radium  is  brought 
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near  the  closed  eye  a  sensation  of  light  is  pro- 
duced. This  is  also  perceptible  in  some  cases 
of  blindness.  It  is  not,  however,  due  to  stimu- 
lation of  the  retina  or  optic  nerve,  but  to 
fluorescence  of  the  ocular  media.  Radium  is 
inimical  to  animal  life.  The  introduction  of 
a  tube  containing  1  mg.  of  the  bromide  under 
the  skin  of  a  mouse  causes  convulsions,  par- 
alysis, and  death.  Young  mice  lose  their  hair, 
become  blind,  and  die  under  its  influence.  After 
prolonged  exposure,  seeds  lose  their  power  of 
germinating  ;  the  growth  of  tadpoles  is  checked  ; 
other  larval  forms  of  life  also  fail  to  develop. 
The  radiations  are  said  to  inhibit  the  growth  of 
some  bacteria  and  to  kill  others.  Attempts  to 
sterilise  milk  in  this  way  have  failed.  It  should 
be  noted  that  the  action  is  greatest  in  young 
forms  of  life — a  fact  which  may  be  related  to 
the  rather  selective  effect  of  the  rays  on  cancer 
cells.  Thies  found  that  the  rays  affect  all 
animal  tissues,  the  adenoid  structures  and  skin 
being  most  susceptible.  The  epidermis  dies, 
or  under  certain  circumstances  undergoes  pro- 
liferation and  produces  a  species  of  neoplasm. 
The  arteries  contract ;  striped  muscle  undergoes 
colloid  degeneration ;  elastic  fibres  are  most  re- 
sistant. Heinecke,  to  whose  work  so  much  of 
our  knowledge  of  the  tissue  changes  caused  by 
X-rays  is  due,  states  that  the  effects  of  radium 
are  identical  :  the  action  on  the  hair,  skin, 
or  testicles  is  the  same  in  both  cases. 

Therapeutic  Uses.  Method  of  Application. — 
Tracy  advises  the  use  of  the  most  active  pre- 
paration obtainable — at  least  10  mg.  of  pure 
radium  bromide  of  about  1,000,000  strength. 
Weaker  samples  necessitate  longer  exposures. 
Using  pure  radium  bromide,  the  average  sitting 
is  from  20  to  45  minutes.  Other  authorities 
advise  much  shorter  exposures — 1  to  4  minutes. 
The  radium  may  be  enclosed  in  a  glass  or 
ahiminium  capsule,  the  latter  being  more  per- 
meable to  a  and  /?  rays.  A  lead  capsule  with 
an  aluminium  window  may  also  be  used.  The 
radium  is  placed  in  contact  with  small  lesions ; 
at  a  short  distance  from  larger  ones.  Ex- 
posures may  be  made  daily  for  one  or  two 
weeks,  then  thrice  weekly.  Malignant  disease 
and  lupus  require  long  exposures  often  repeated  ; 
nervous  affections  fewer  and  shorter. 

There  is  no  doubt  that,  as  Butcher  graphic- 
ally expresses  it,  small  superficial  tumours  of 
all  kinds  "wilt  and  wither  away"  after  a  few 
exposures.  The  action  is  like  that  of  X-rays, 
there  being  first  spasm  of  the  vessels,  then 
congestion,  cutaneous  reaction,  and  sometimes 
pigmentation.  In  advanced  malignant  disease 
the  ulceration  may  be  controlled  and  foetor  dim- 
inished. It  would  seem  therefore  that  radium 
may  be  tried  with  some  prospect  of  success  in 
the  same  class  of  case  as  X-rays.  Good  results 
have  been  reported  in  superficial  epitheliomata, 
rodent  ulcer,  lupus  vulgaris,  lupus  erythema- 
tosus, scleroma  of  the  nose  and  larynx,  angio- 


mata,  keloid,  melanoma,  by  Lassar  and  many 
others.  It  has  also  advocates  in  the  treatment 
of  tics,  neuralgia,  and  optic  atrophy.  Its  ad- 
vantage over  X-rays  lies  in  the  possibility  of 
applying  it  to  localities  which  are  impossible  or 
difficult  of  access  for  these.  Walker  praises  it 
highly  in  lupus  of  the  mouth  ;  it  has  also  been 
employed  in  tuberculous  ulcers  of  the  tongue 
and  in  cancer  of  the  oesophagus,  with  relief. 
Dinger  reports  cases  of  trachoma  successfully 
handled  with  radium.  Some  remarkable  ob- 
servations of  Tizzoni  and  Bongiovanni  demand 
mention.  They  find  that  the  virus  of  rabies 
can  be  rendered  inert  by  exposure  in  vitro  to 
the  radiations,  and  that  even  after  inoculation 
into  a  rabbit  it  can  be  rendered  harmless  in  the 
same  way.  It  is  even  stated  that  when  the 
inoculation  is  made  at  a  distant  part  —  the 
meninges  or  sciatic  nerve — raying  one  of  the 
animal's  eyes  may  neutralise  the  toxic  action ; 
and  also  that  by  exposure  to  the  rays  the  virus 
is  converted  into  a  protective  vaccine. 

Other  Forms  op  Radio-activity. — The  pro- 
perty of  radio-activity  is  possessed  by  other 
bodies  besides  radium,  and  appears  to  be  very 
widely  distributed.  It  has  been  conclusively 
proved  that  the  water  of  many  mineral  springs 
— e.g.  Bath — is  radio-active,  and  the  suggestion 
has  been  made  that  part  of  their  virtues  may 
arise  from  this.  Taking  advantage  of  the 
"  excited  activity "  which  radium  induces,  a 
radium  fluid,  consisting  of  normal  saline  solution 
which  has  been  exposed  to  the  action  of  the 
rays,  and  has  thereby  acquired  radio-active 
properties,  has  been  used  for  douches,  gargles, 
and  other  purposes.  Of  a  number  of  radio- 
active bodies,  the  only  ones  which  need  be  men- 
tioned are  uranium  and  thorium.  Both  are  far 
inferior  in  activity  to  radium — uranium,  indeed, 
gives  the  unit  standard  of  activity — hence  no 
danger  can  follow  their  use.  Uranium  has 
been  employed  as  a  plaster  in  skin  diseases 
(Walker).  Thorium,  which  is  the  principal  in- 
gredient in  incandescent  gas  mantles,  was  re- 
commended by  Rutherford  and  Soddy  as  de- 
serving trial  in  pulmonary  tuberculosis.  The 
emanation  is  inhaled  from  a  special  apparatus 
(Lieber)  in  which  thorium  oxide  is  heated  over 
a  sand-bath.  Thorium  has  also  been  employed 
as  an  ointment  in  malignant  and  other  forms  of 
ulceration. 

Promising  as  the  radio-active  bodies  may 
appear  in  the  cure  of  disease,  they  are  still  on 
trial.  It  should  never  on  any  account  be  for- 
gotten that,  so  far  as  malignant  disease  is  con- 
cerned, the  appeal  is  still  to  the  knife.  The 
sphere  of  radio-activity  is  only  to  supplement, 
never  to  supplant,  early  and  thorough  removal 
of  the  disease  by  operation. 

Radius.  See  Elbow-Joint,  Injuries  and 
Diseases  of  {Fracture  of  the  Head  or  Neck  of  the 
Radius,  Dislocation  of  the  Radius,  etc.) ;  Feac- 
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TUBES  (Eadms  and  Ulna) ;  Wrist- Joint  In- 
juries {Fractures,  etc.). 

Radix. — A  root  (Lat.  radix,  a  root),  origin, 
or  source.  Thus  the  root  of  the  nose  is  called 
radix  nasi;  and  in  Materia  Medica  the  word 
often  occurs,  as  radix  belladonnce,  radix  rhei, 
etc. 

Rag- Picker's  or  Rag-Sorter's 

Disease.    See  Anthrax. 

RagatZ-Pfaefers.  See  Balneology 
(Switzerlarid) ;  Mineral  Waters  (Thermal 
Waters). 

Railway  Brain.    See  Railway  Spine. 

Railway  Sickness. — The  nausea  or 

actual  sickness  produced  in  sensitive  persons  by 
the  oscillation  of  the  carriage,  etc.,  in  railway 
travelling. 

Railway  Spine.  —  Concussion  of  the 
spine,  especially  that  produced  by  a  railway 
accident.  See  Spine,  Surgical  Affections  op 
{Railway  Spine). 

Rain  Gauge.  See  Meteorology  {Meas- 
urement of  Rainfall), 

Rainey's  Bodies,  Corpuscles,  or 

Tubes. — Psorosperms,  found  specially  in  the 
muscles  of  the  pig.  See  Parasites  {Protozoa, 
Sarcocystis). 

Rainfall.  See  Climate  {Individual 
Factors) ;  Diphtheria  {Etiology,  Climatic  Con- 
ditions) ;  Meteorology  {Rain  and  Snow,  Rain- 
fall). 

Rale. — A  rattling  sound  (Fr.  rale,  a  rattle) 
produced  in  the  lungs  and  heard  on  ausculta- 
tion ;  it  is  due  to  the  passage  of  air  over  or 
through  mucus  in  the  respiratory  passages 
(larynx,  trachea,  and  bronchi) ;  different 
varieties  are  described,  under  the  names  of 
bubbling,  coarse,  crepitant,  dry,  fine,  moist, 
sibilant,  and  sonorous.  See  Chest,  Clinical 
Investigation  op  the  {Auscultation  of  the 
Lungs). 

Rami.  —  Branches  (plural  of  ramus,  a 
branch) ;  e.g.  the  rami  communicantes  of  the 
spinal  nerves,  the  ramus  of  the  ischium,  of  the 
lower  jaw,  or  of  the  pubes. 

Ramol  I  issement. — Softening  of  a 
tissue  or  organ  occurring  as  a  morbid  process. 

Randamel.  See  Balneology  {Norway, 
Sweden,  and  Iceland). 

Ransom's  Disinfector. — An  appar- 
atus for  disinfecting  by  means  of  hot  dry  air. 

Ran  U la. — A  small  cyst  situated  below  the 
tongue,  and  due  to  occlusion  of  a  gland  duct ; 


it  may  be  congenital.  See  Mouth,  Diseases  op 
{Diseases  of  the  Floor  of  the  Mouth,  Ranulas) ; 
Parotid  Gland,  Disorders  op  {Inflammatory 
Conditions,  "  Acute  Ramila") ;  Salivary  Glands, 
Disorders  of  {Ranula). 

Ranvier'S  Nodes.  See  Physiology, 
Tissues  {Nerve,  Structure,  Fig.  38). 

Ranvier'S  Solution. — A  saturated 

solution  of  iodine  containing  2  per  cent  of 
potassium  iodide  ;  it  is  used  for  examining  red 
blood  corpuscles  in  a  dry  clot,  for  it  does  not 
lake  them  or  alter  their  shape. 

RapallO.  See  Therapeutics,  Health  Re- 
sorts {Riviera). 

Rape.    See  Medicine,  Forensic  {Rape). 

Raphe. — A  ridge  or  seam  (Gr.  pa4>rj,  a 
seam),  such  as  the  middle  line  of  the  scrotum, 
tongue,  and  palate. 

Rapport.  See  Hypnotism  {Experimental 
Phenomena,  Rapport). 

RaSCh'S  Sign. — uterine  fluctuation,  or 
the  cyst-like  sensation  in  the  uterus  detected 
during  pregnancy  by  the  bimanual  examination. 

Rashes.  —  Eruptions,  cutaneous  or  on 
mucous  membranes,  as  seen  in  fevers,  purpura, 
poisoning,  etc.  See  Diphtheria  {Antitoxin 
Treatment,  After  Effects) ;  Drug  Eruptions  ; 
Glanders  {Symptoms);  Morphinomania  and  Al- 
lied Drug  Habits  {Antipyrin  Rashes) ;  Ovaries, 
Diseases  of  {Rashes  after  Ovariotomy) ;  Peeg- 
NANCY,  Affections  and  Complications  {Cu- 
taneous Rashes) ;  Typhoid  Fever  {Oeneral  Symp- 
toms) ;  Typhus  Fever  {Period  of  Advance). 

Raspberry  Tongue.    See  Scarlet 

Fever  {Symptomatology,  Tongue). 

Rathke'S  Gland.— Jacobson's  organ  in 
the  nasal  septum. 

Rathke'S  Pouch.— A  diverticulum  in 
the  pharynx  of  the  embryo  connected  with  the 
anterior  part  of  the  pituitary  body  ;  the  bursa 
pharyngea  (of  the  adult)  perhaps  represents  its 
remains. 

Rats.  See  Anthrax  {in  the  Lower  Animals) ; 
Plague  {Dissemination  by  Rats). 

Ra.t-tai I  Tendon,  .^ee  Aseptic  Treat- 
ment of  Wounds  {Sutures). 

Ratzes.    See  Balneology  {A^istria). 

Rauber's  Layer. — The  flat  cells  of  the 

enveloping  layer  which  cover  the  inner  cell 
mass  of  the  ovum  during  segmentation. 

Raw  Meat.  See  Scurvy,  Infantile 
{Treatrnent)  ;  Infant  Feeding  {Meat  Foods, 
Raxv  Meat  Juice). 
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Ra.y  Fungous.    See  Actinomycosis. 
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See  also  Gangrene  ( Varieties,  Symmetrical 
Gangrene) ;  Gout  [Irregular,  Manifestations  in 
Nervous  System) ;  H/emoglobinuria  [Par- 
oxysmal) ;  Nails,  Affections  of  the  [in 
Raynaud's  Disease). 

Although  instances  of  this  disease  have  been 
recorded  in  medical  literature  as  far  back  as 
Schrader's  case  in  1679,  it  was  not  until  the 
year  1862  that  the  French  physician,  Maurice 
Raynaud,  called  attention  to  the  group  of 
symptoms  which  has  since  borne  his  name. 
Like  migraine,  epilepsy,  and  the  so-called 
"  functional "  diseases,  Raynaud's  disease  is 
a  clinical,  not  a  pathological  entity.  Whilst 
it  forms  a  striking  clinical  picture,  and  is 
doubtless  dependent  on  some  faulty  innervation 
of  the  vascular  system,  yet  no  constant 
structural  changes  have  been  found,  either  in 
the  nervous  or  vascular  tissues,  which  can 
adequately  explain  the  profound  morbid  appear- 
ances presented  by  this  affection. 

Etiology. — Sex. — The  disease  is  commoner 
in  the  female  sex,  the  proportion  (both  in 
Munro's  180,  and  in  Cassirer's  104  collected 
cases)  being  1-7  females  for  every  male.  The 
age  of  onset,  in  the  vast  majority  of  cases,  is 
under  thirty  years,  the  average  of  171  cases 
being  28'9  years  (Munro).  From  the  striking 
frequency  with  which  young  adults  are 
aflfected,  Raynaud  was  inclined  to  apply  the 
term  "juvenile  gangrene"  to  the  affection. 
But  no  age  is  exempt.  Infancy  and  old  age 
alike  have  been  attacked,  the  youngest  recorded 
case  being  that  of  an  infant  aged  six  months 
(Friedel),  the  oldest  that  of  a  woman  of  seventy- 
seven  years  (Henry).  A  neuropathic  diathesis 
seems  to  be  the  most  important  predisposing 
factor.  Raynaud  himself  pointed  out  that 
nervous  individuals  are  chiefly  affected.  Direct 
heredity,  on  the  other  hand,  where  parent  and 
child  have  both  suffered  from  the  disease,  is 
uncommon.  The  most  frequent  exciting  cause 
is  exposure  to  cold  and  damp,  and  such  patients 


are  often  abnormally  sensitive  to  cold.  Thus, 
as  might  be  expected,  the  complaint  is  commoner 
in  winter  than  in  summer,  and  occurs  more 
frequently  in  people  whose  occupations  entail 
exposure  to  cold  and  damp,  e.g.  washerwomen. 
Many  cases,  however,  occur  in  which  no  such 
exciting  cause  can  be  found.  Fatigue,  especi- 
ally when  combined  with  exposure,  may  bring 
on  an  attack ;  so  also  may  mental  shock  or 
emotion.  There  is  no  evidence  that  disorder 
of  the  sexual  organs  has  any  causal  relation 
to  the  complaint.  Raynaud's  disease  may 
also  supervene  during  the  course  of  other 
chronic  affections  such  as  malaria,  congenital 
syphilis,  gout,  chlorosis,  diabetes,  and  paroxysmal 
hsemoglobinuria.  A  few  cases  have  been  re- 
corded in  which  a  toxic  influence  appears  to 
have  been  at  work,  as  when  the  symptoms  have 
developed  for  the  first  time  during  an  attack 
of  intestinal  obstruction. 

Symptoms. — Summary. — The  chief  symptoms 
are  pains,  more  or  less  severe,  and  parsesthesia 
of  various  sorts.  They  are  not  confined  to  the 
area  of  distribution  of  definite  nerve  trunks, 
but  affect,  usually,  the  periphery  of  the  limbs 
(more  commonly  the  upper  extremities).  Less 
commonly  they  occur  in  other  situations,  such 
as  the  ears,  lips,  nose,  etc.  The  distribution  is 
generally  symmetrical.  To  these  symptoms  are 
superadded  signs  of  paroxysmal  vaso- motor 
disturbance  in  the  form  of  (1)  local  pallor 
[^'■syncope"),  or  (2)  local  cyanosis  ["asphyxia"), 
less  commonly  redness.  After  a  time,  or  even 
in  some  cases  without  antecedent  vaso-motor 
phenomena,  trophic  lesions  occur  in  the  affected 
parts,  mostly  of  the  nature  of  (3)  gangrene. 
These  three  stages  of  the  disease  may  occur 
either  successively,  or  the  first  and  second  may 
occur  without  the  third,  and  conversely.  The 
course  of  the  disease  is  an  intermittent  one. 
Anaesthesia  and  motor  paralysis  as  a  rule  are 
absent.  During  the  intervals  between  the  par- 
oxysms there  may  either  be  persistent  signs  of 
faulty  vaso-motor  innervation,  or  there  may  be 
no  such  signs  or  symptoms.  The  disease  may 
exhaust  itself  in  a  single  paroxysm,  or  many 
successive  attacks  may  occur. 

(1)  Local  Syncope. — In  this  form  of  Raynaud's 
disease  the  affected  parts,  usually  the  fingers 
(less  frequently  the  toes,  sometimes  the  margins 
of  the  pinnse,  the  tip  of  the  nose,  or  in  rare 
cases  even  the  tip  of  the  tongue)  suddenly 
become  cold  to  the  touch  and  white  in  colour. 
The  degree  of  pallor  varies ;  it  may  be  waxy, 
tallowy,  or  corpse-like ;  sometimes  it  is  bhiish- 
white.  What  usually  attracts  the  patient's 
attention,  however,  is  not  so  much  the  change 
of  colour,  as  some  sensory  disturbance  in  the 
form  of  pain  or  parsesthesia,  e.g.  numbness, 
tingling,  feeling  of  stiffness,  or  an  indescribable 
consciousness  that  something  unusual  is  going  on 
in  the  part.  As  the  pallor  increases,  so  does  the 
pain  or  parsesthesia  become  more  intense,  and 
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at  this  stage  objective  blunting  of  sensation  to 
touch  can  often  be  recognised.  Marked  anaes- 
thesia to  touch  may  coexist  with  severe  sub- 
jective pain.  The  power  of  movement  of  the 
affected  fingers  or  toes  may  be  temporarily  im- 
paired. This  is  probably  not  a  true  motor 
palsy,  but  due  to  deficiency  of  afferent  impres- 
sions causing  clumsiness  of  the  fingers.  In 
exceptional  cases  slight  secretory  phenomena 
have  been  observed  in  the  form  of  cold  per- 
spiration in  the  affected  parts. 

The  distribution  of  these  phenomena  varies. 
It  may  be  unilateral  or  bilateral.  Sometimes 
it  is  so  exactly  symmetrical  that  the  identical 
digits  are  affected  in  both  hands.  The  terminal 
phalanx  alone  may  be  attacked,  or  the  condi- 
tion may  extend  upwards  along  two  or  more 
phalanges,  or  may  even,  in  rare  cases,  involve 
the  whole  hand  or  foot.  The  thumb  frequently 
escapes,  the  other  fingers  seeming  to  be  equally 
liable.  One  or  more  fingers  may  be  affected  at 
a  time. 

The  duration  of  a  paroxysm  may  be  momen- 
tary or  may  last  for  hours.  Numerous  attacks 
— twenty  to  thirty  per  diem — may  occur  in 
rapid  succession,  or  the  paroxysms  come  at 
longer  intervals  : — ^weekly,  monthly,  or  perhaps 
only  in  winter.  The  return  to  normal  after 
an  attack  also  varies  in  different  cases.  In 
some  it  is  sudden,  in  others  pallor  is  followed 
by  a  stage  of  reaction  with  tingling,  burning 
pains,  and  local  heat  and  redness.  Or  the  con- 
dition may  pass  on  to  the  second  stage — that 
of  local  cyanosis. 

In  its  mildest  form  local  syncope  is  popularly 
known  as  "dead  finger,"  a  condition  not  un- 
common in  nervous  people  and  in  otherwise 
healthy  individuals  on  exposure  to  cold,  mental 
excitement,  etc. 

In  predisposed  individuals  the  attack  often 
comes  on  whilst  washing  the  hands  in  the 
mornings,  or  while  performing  fine  digital  move- 
ments, such  as  piano-playing  or  sewing. 

As  a  rule,  during  an  attack  the  accessible 
arteries  of  the  limb  are  not  perceptibly  altered 
in  calibre,  though  occasionally  the  pulse  may 
be  reduced  in  volume.  In  a  few  cases  haemo- 
globin has  been  found  free  in  the  blood-plasma 
of  the  affected  finger  (local  hsemoglobinsemia). 

Repeated  attacks  tend  to  make  the  fingers 
thin,  parchment-like,  and  conical — sclerodermia. 
In  spite  of  numerous  attacks,  however,  the 
general  health  is  not  necessarily  impaired,  and 
the  condition  remains  a  purely  local  one. 

(2)  Local  Asphyxia  or  Cyanosis. — This  is  a 
stage  of  the  disease  in  which  there  is  sudden 
discoloration  of  the  skin,  varying  in  tint  from 
a  dusky  blue  or  slate-colour  to  an  intense 
purplish-black.  Sometimes  an  admixture  of  red 
may  be  present.  Pressure  on  the  discoloured 
part  causes  a  white  mark  which  persists  for 
some  time,  lividity  returning  to  it  with  great 
slowness.    The  parts  adjacent  to  the  affected 


area  often  show  a  bluish  mottling,  which  in 
exceptional  cases  spreads  over  the  whole  body. 

The  local  temperature  falls  during  the  par- 
oxysm to  an  extent  corresponding  to  the  dura- 
tion of  the  cyanosis. 

A  slight  degree  of  swelling,  not  oedematous 
nor  indentible  on  pressure,  is  fairly  common. 
If  the  cyanotic  area  be  pricked,  dark  blood 
escapes,  unless  gangrene  be  about  to  set  in, 
when  no  blood  flows.  The  veins  of  the  cyanotic 
parts  are  sometimes  distended ;  in  rare  cases 
they  have  been  seen  spasmodically  contracted, 
and  Sir  T.  Barlow  has  observed  a  beaded  ap- 
pearance, rapidly  shifting  in  position,  in  the 
veins.  In  a  considerable  number  of  instances 
the  cyanosed  part  sweats  freely,  especially  when 
it  is  beginning  to  regain  its  normal  colour. 

Local  cyanosis  may  either  develop  directly 
from  the  normal,  or  it  may  follow  an  antecedent 
stage  of  local  syncope.  Pallor  and  cyanosis 
may  succeed  each  other,  and  conversely,  in  the 
same  patient.  Or  there  may  be  pallor  of  the 
distal  phalanx  with  cyanosis  of  the  proximal, 
or  vice  versa. 

As  the  paroxysm  of  cyanosis  subsides — which 
it  may  do  after  a  period  varying  from  a  few 
minutes  to  several  hours — there  may  either  be 
an  interval  of  active  hypersemia  or  a  gradual 
subsidence  of  the  lividity  by  the  appearance  in 
the  dusky  area  of  bright  spots,  gradually  coal- 
escing. Other  cases,  again,  pass  directly  from 
the  stage  of  cyanosis  into  that  of  gangrene. 

Cases  of  sclerodermia  from  Raynaud's  disease 
nearly  always  manifest  at  some  stage  the  symp- 
toms of  local  asphyxia. 

Subjective  symptoms  are  sometimes  absent ; 
more  often,  however,  during  a  paroxysm  there 
is  pain  of  a  burning  or  stinging  description,  which 
may  be  of  agonising  intensity. 

Ansesthesia,  analgesia,  or  thermantesthesia 
may  be  present,  separately  or  conjointly,  or 
hyperalgesia  may  occur.  On  the  other  hand 
sensation  is  sometimes  unaffected. 

As  to  distribution,  whilst  local  syncope  seldom 
occurs  except  in  the  limbs,  local  cyanosis,  though 
preferring  the  limbs  (and  the  upper  rather  than 
the  lower),  frequently  attacks  the  ears  and  face. 
The  distal  parts  of  the  limbs,  ears,  and  nose  are 
most  commonly  affected  ;  the  cheeks,  chin,  and 
tongue  less  frequently.  Patches  of  lividity  on 
the  trunk  or  on  the  proximal  segment  of  a  limb 
are  uncommon.  The  order  in  which  different 
parts  are  attacked  is  extremely  variable,  and  is 
not  always  the  same  in  successive  paroxysms. 
As  a  rule  the  parts  affected  are  roughly  sym- 
metrical, though  vmilateral  paroxysms  also 
occur. 

(3)  Symmetrical  Gangrene. — In  this  variety 
of  the  disease  trophic  changes  are  superadded  to 
vaso-motor  phenomena,  gangrene  being  the  final 
stage  towards  which  the  others  tend.  It  is 
usually  preceded  by  local  asphyxia,  and  often 
by  local  syncope  also. 
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The  parts  most  frequently  involved  are  the 
extremities  of  the  limbs  (especially  the  upper 
limbs)  and  of  the  ears,  unilaterally  or  bilaterally. 
The  thumbs  are  less  liable  than  the  other  digits. 
In  exceptional  cases  gangrene  attacks  other 
parts,  such  as  the  cheeks  or  chin,  and  in  rare 
instances  the  penis.  Labia  majora,  nipples,  lips, 
eyelids,  tissues  over  the  coccyx,  or  the  proximal 
parts  of  the  extremities  have  also  been  affected. 
Instances  have  occurred  where  large  areas  of  the 
limbs  have  been  attacked.  Thus  in  one  of 
Barlow's  cases  amputation  had  to  be  performed 
in  the  middle  third  of  the  calf. 

As  a  rule  the  gangrenous  process  is  confined 
to  a  small  part  of  the  cyanosed  area.  In  its 
mildest  form  the  necrosis  may  be  limited  to  the 
epithelium,  so  that  only  desquamation  results. 
More  often  a  small  blister  forms,  with  sanguineo- 
serous  or  dark  contents.  This  bursts,  causing 
an  excoriation  or  ulcer  in  the  skin  which,  on 
healing,  leaves  a  scar  behind.  The  nails  may 
be  lost  and  subsequently  reproduced.  If  the 
necrosis  extends  deeper  into  the  cutis  and  sub- 
cutaneous tissue,  large  blebs  form  which,  as  the 
subjacent  tissues  necrose,  become  deep  brown. 
The  slough  ultimately  separates  and  leaves  a 
slowly  healing  ulcer,  sometimes  with  sharply 
punched-out  margins. 

The  soft  tissues  may  necrose  to  any  depth, 
and  whole  phalanges  thus  undergo  dry  mum- 
mification. A  line  of  demarcation  forms,  and 
the  gangrenous  part  is  cast  off",  leaving  a  conical 
stump  behind.  As  a  rule  the  bones  escape 
necrosis.  The  resulting  scar  often  remains  for 
weeks  crusted  with  scabs,  which  tend  to  re-form 
on  removal.    Moist  gangrene  is  rare. 

Gangrene  and  cyanosis  may  be  present 
simultaneously  in  the  same  limb,  and  the  three 
stages  of  syncope,  cyanosis,  and  gangrene  may 
be  observed  at  one  time  in  different  digits. 
This,  however,  is  uncommon.  The  distribution 
is  roughly  symmetrical,  though  not  necessarily 
equally  intense  on  the  two  sides.  There  may 
be  severe  gangrene  in  the  limb  of  one  side,  with 
an  insignificant  blister  on  the  other. 

Several  types  of  cases  occur :  in  one  variety 
attacks  of  local  asphyxia  occur,  in  which  the 
cyanosis  becomes  constant  instead  of  intermit- 
tent, and  in  the  dusky  area  a  part  necroses  and 
is  cast  off'.  In  another  type  paroxysms  of  local 
syncope  or  cyanosis  occur,  and  small  blisters, 
ulcers,  or  sloughs  develop  in  the  aff"ected  digits. 
In  others  the  cyanosis  is  chronic  from  the  out- 
set, especially  during  the  winter  months,  not 
paroxysmal,  and  small  blebs  or  ulcers  appear 
in  the  cyanotic  area.  In  rare  cases  symmet- 
rical gangrene  has  occurred  without  previous 
cyanosis. 

Pain  is  usually  a  marked  feature,  especially 
during  the  preceding  paroxysmal  cyanosis.  It 
is  often  of  excruciating  intensity,  not  confined 
to  the  gangrenous  parts,  but  radiating  from  them 
up  the  limb.    Yet  in  some  cases  cyanosis  goes 


on  to  gangrene  quite  painlessly  ;  this,  however, 
is  exceptional. 

Progress  and  Complications. — Raynaud's  dis- 
ease usually  occurs  in  a  succession  of  paroxysms, 
the  duration  of  each  varying  from  a  few  minutes 
to  many  hours.  A  large  number  of  cases  never 
go  on  to  gangrene,  but  consist  merely  of  attacks 
of  local  syncope  and  local  cyanosis,  or  of  either 
of  these  alone.  Some  of  the  less  acute  cases, 
e.g.  after  acute  fevers,  recover  permanently  and 
completely.  Some  cases,  even  of  gangrene,  have 
only  a  single  attack  and  do  not  recur. 

Amongst  the  various  complications  which  may 
occur,  one  of  the  most  important  is  sclerodermia 
of  the  fingers,  which  may  precede  or  succeed  the 
Raynaud's  disease,  though  it  often  occurs  totally 
unassociated  with  the  latter.  Other  diseases  of 
the  skin  are  also  occasionally  associated  with 
Raynaud's  disease,  amongst  which  may  be  men- 
tioned urticaria,  cutaneous  hsemorrhages,  and 
angio-neurotic  oedema.  Joint  eff'usions,  with 
subsequent  ankyloses,  especially  of  the  smaller 
joints,  have  been  observed. 

But  complications  of  a  less  local  character 
also  occur.  Thus  sometimes  one  of  the  acute 
infective  fevers  has  been  an  antecedent.  Other 
cases  give  a  history  of  malaria,  sometimes  many 
years  before.  Sucli  cases  would  point  to  the 
toxic  origin  of  some  cases  of  Raynaud's  disease. 

Numerous  urinary  abnormalities  have  also 
occurred,  of  which  the  most  important  is  par- 
oxysmal hcemoglobiiiuria.  This  has  been  noted 
in  over  6  per  cent  of  cases.  The  connection 
between  the  two  diseases  is  regarded  by  some 
as  a  very  close  one,  so  much  so  that  they  con- 
sider the  two  states  as  essentially  identical ; 
both  being  paroxysmal  and  both  excited  by  cold. 
Others,  however,  regard  heemoglobinuria  as  a 
secondary  complication,  since  it  occurs  not  only 
in  Raynaud's  disease,  but  also  in  the  course  of 
other  morbid  conditions,  such  as  malaria  and 
syphilis.  Malaria  is  certainly  a  fairly  common 
antecedent  of  hsemoglobinuria.  It  is  conceivable 
that  in  certain  cases  of  local  cyanosis  a  local 
hsemoglobinuria  is  produced  (indeed,  in  a  few 
cases  free  hsemoglobin  has  been  demonstrated 
in  the  blood-serum  obtained  from  the  affected 
finger  during  a  paroxysm),  and  that  this  causes 
the  subsequent  appearance  of  htemoglobin  in 
the  urine.  But  in  some  cases  hfemoglobinuria 
precedes  the  local  cyanosis,  or  is  concomitant 
with  it,  and  if  there  be  a  cause  common  to  the 
two  symptoms  it  must  be  a  central  one. 

Albuminuria,  constant  or  intermittent,  has 
been  observed,  the  latter  being  rare  and  some- 
times combined  with  hjemoglobinuria.  Diabetes 
insipidus  and  glycosuria  have  been  recorded  in 
a  few  instances,  but  the  possibility  of  diabetic 
gangrene  should  always  be  carefully  borne  in 
mind. 

Cardio-vascular  disease  has  been  noted  in  fully 
12  per  cent  of  cases.  Some  of  these  are,  no 
doubt,  mere  accidental  coincidences.  Epistaxis 
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sometimes  occurs.  Syphilis,  hereditary  or 
acquired,  has  been  noted  in  a  few  cases,  in 
certain  of  which  antisyphilitic  treatment  reheved 
the  vaso-motor  symptoms. 

Diseases  of  the  ne7-vous  system  are  relatively 
common,  being  present  in  nearly  one-fourth  of 
reported  cases.  Hemiplegia  is  the  commonest 
variety  of  nervous  disease,  but  hydrocephalus, 
acromegaly,  spinal  tumour,  aud  tabes  dorsalis, 
or  such  complaints  as  hysteria,  chorea,  epilepsy, 
and  vertigo,  have  occurred,  and  the  disease  is 
certainly  most  frequent  in  neuropathic  indi- 
viduals. Symptoms  of  peripheral  neuritis  are 
rare,  and  the  pathological  changes  described  in 
the  peripheral  nerves  are  probably  the  result  and 
not  the  cause  of  the  disease.  Psychical  affections, 
such  as  mania,  melancholia,  or  dementia,  are  some- 
times present.  Paroxysmal  impairment  of  vision 
has  been  recorded,  sometimes  alternating  with 
the  attacks  of  local  cyanosis.  During  such  visual 
impairment  the  retinal  arteries  have  been  seen 
ophthalmoscopically  to  be  in  a  state  of  con- 
traction. 

Morbid  Anatomy.  —  No  constant  morbid 
changes  have  been  authenticated  in  the  vascular 
system  or  in  the  central  or  peripheral  nervous 
system,  and  although  endarteritis,  arterial  throm- 
bosis, endophlebitis,  and  neuritis  have  all  been 
described,  yet  moi-e  often  the  vessels  and  nerves 
have  been  found  normal.  Cases  in  which 
pathological  changes  have  been  found  have 
chiefly  been  in  limbs  amputated  for  gangrene, 
in  which  the  morbid  appearances  were  prob- 
ably consequent  to  the  gangrene  and  not  its 
cause. 

Pathology. — The  paroxysmal  nature  of  the 
vascular  disturbances  points,  as  Raynaud  him- 
self stated,  to  a  central  rather  than  a  peripheral 
source  for  the  disease. 

Local  syncope  is  undoubtedly  due  to  a  local 
spasm  of  the  vessels,  its  sudden  appearance  and 
disappearance  being  incompatible  with  any 
other  hypothesis. 

The  occurrence  of  local  cyanosis  has  been 
variously  explained.  Raynaud  attributed  it  to 
inequality  between  the  spasm  in  the  veins  and 
that  in  the  arteries,  the  veins  regaining  their 
normal  calibre  whilst  the  arteries  still  remain 
contracted,  the  cyanosis  being  due  to  the  reflux 
of  venous  blood  into  the  capillaries.  He  recalled 
the  observation,  in  this  connection,  of  contrac- 
tion of  the  retinal  arteries  during  certain  cases 
of  local  cyanosis. 

But  local  asphyxia  often  arises  without  a 
previous  stage  of  local  syncope.  This  can 
hardly  be  accounted  for  otherwise  than  on  the 
hypothesis  of  a  primary  venous  spasm,  causing 
capillary  stasis  and  cyanosis.  Waves  of  venous 
spasm  have  actually  been  observed  in  certain 
cases.  Hutchinson  holds  that  the  pathological 
process  is  not  the  same  in  every  case,  and  that, 
just  as  in  some  healthy  people  cold  causes 
pallor,  whilst  in  others  cyanosis  or  redness  is 
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produced,  so  in  Raynaud's  disease,  if  the  spasm 
is  chiefly  arterial,  pallor  results — if  chiefly 
venous,  cyanosis  occurs. 

The  sensory  symptoms  in  the  affected  parts 
are  probably  due  to  imperfect  blood-supply. 
The  trophic  changes,  in  the  form  of  gangrene, 
are  more  difficult  of  explanation.  Mere  vascular 
spasm,  however  prolonged,  does  not  readily 
produce  necrosis  of  tissue,  though  it  may 
seriously  damage  its  vitality  and  render  it  less 
resistant  to  slight  traumatisms.  Those  cases  of 
gangrene  preceded  by  cyanosis,  but  without 
local  syncope,  must  be  associated  with  an  excess 
of  venous  blood,  and  yet  profound  cyanosis  in 
other  parts  of  the  body  is  possible  without  pro- 
ducing gangrene.  Probably  the  gangrene  of 
Raynaud's  disease  is  neuropathic  in  origin 
and  analogous  to  the  glossy  skin  of  nerve 
injuries  or  to  the  bed-sores  of  acute  myelitis. 

The  symmetry  of  the  affection  and  its  par- 
oxysmal nature  clearly  point,  as  Raynaud 
indicated,  to  a  central  affection,  probably  an 
increased  excitability  of  the  vaso-motor  centres, 
rather  than  to  any  mere  peripheral  lesion.  The 
disease  is  thus  an  angio-neurosis,  in  which  the 
nervous  system  is  primarily  at  fault. 

The  cause  of  such  increased  excitability  of 
the  vaso-motor  centres  appears  to  vary  in 
different  cases.  Thus  the  condition  may  be 
congenital  in  cases  where  there  is  a  nervous 
heredity,  or  it  may  result  from  various  patho- 
logical influences,  for  example  cold,  long- 
continued  or  frequently  repeated.  Or  it  may 
be  the  direct  result  of  toxins  acting  on  the 
nerve  centres,  as  in  fevers,  syphilis,  malaria, 
or  intestinal  obstruction,  or  it  may  conceivably 
be  reflex  from  peripheral  sources.  Finally, 
Raynaud's  disease  may  occur  in  the  course  of 
organic  diseases  of  the  central  nervous  system, 
in  which,  along  with  other  structures,  the 
vaso-motor  centres  happen  to  be  implicated. 

Diagnosis. — A  well-marked  case  of  Raynaud's 
disease  usually  presents  no  difficulty  in  diag- 
nosis ;  it  is  chiefly  with  abortive  or  atypical 
forms  of  the  disease  that  one  is  in  doubt. 
Thus  a  paroxysm  of  erythromelalgia  may  re- 
semble the  rarer  variety  of  Raynaud's  disease 
in  which  redness  is  present  instead  of  cyanosis. 
In  some  cases  the  diagnosis  between  the  two 
conditions  is  so  difficult  as  to  be  impossible,  and 
the  greater  the  number  of  cases  observed,  the 
more  arbitrary  does  the  division  between  them 
appear.  The  occurrence  of  trophic  changes, 
however,  in  a  doubtful  case  would  tend  to  place 
it  under  the  category  of  Raynaud's  disease. 

Morvan's  disease,  a  variety  of  syringomyelia, 
with  marked  trophic  changes  in  the  fingers  and 
toes,  is  not  paroxysmal,  but  of  slow  onset.  It 
is  less  strikingly  symmetrical  than  Raynaud's 
disease,  and  is,  moreover,  accompanied  by  dis- 
sociated sensory  paralysis  and  often  by  nniscular 
atrophy.  Painless  abscesses  and  whitlows, 
together  with  necrosis  of  bone,  are  common  in 
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Morvan's  disease,  whilst  in  Eaynaud's  disease 
they  are  rare. 

Frost-bite  may  at  first  sight  be  difficult  to 
distinguish  from  Raynaud's  disease,  all  the  more 
so  since  the  latter  condition  is  often  precipitated 
by  cold.  A  symmetrical  distribution,  however, 
is  against  frost-bite,  and  a  history  of  previous 
attacks  at  a  time  of  year  when  there  was  no 
frost,  and  especially  the  paroxysmal  nature  of 
the  symptoms,  would  indicate  Raynaud's  disease. 

In  chronic  ergotism  (an  exceedingly  rare  affec- 
tion) the  condition  is  usually  epidemic,  and  there 
is  a  history  of  contamination  of  rye  bread. 

Senile  gangrene  usually  affects  the  whole  foot, 
and  is  rarely  symmetrical,  or  attacking  indi- 
vidual toes,  whilst  Raynaud's  disease  quite  as 
often  affects  the  upper  as  the  lower  extremities, 
is  more  superficial  as  a  rule,  and  generally  affords 
a  history  of  previous  attacks. 

Diabetic  gangrene  is  generally  of  the  moist 
variety,  and  is  associated  with  endarteritis,  neur- 
itis, and  glycosuria. 

Leprosy,  beri-beri,  congenital  cyanosis,  and 
hysterical  blue  oedema  need  only  to  be  mentioned 
to  be  at  once  distinguished  from  Raynaud's 
disease. 

Prognosis. — Raynaud's  disease  is  not  of  itself 
dangerous,  nor  does  it  shorten  life.  The  par- 
oxysms, however,  tend  to  recur  again  and  again, 
especially  in  cases  of  local  cyanosis.  Cases 
which  go  on  to  gangrene  tend  ultimately  to  pass 
off.  The  prognosis  in  individual  cases  is  difficult, 
inasmuch  as  slight  cases  may  afterwards  go  on 
to  gangrene,  whereas  threatened  gangrene  may 
become  arrested. 

Treatment. — Little  can  be  done  beyond  the 
avoidance  of  cold  and  keeping  the  extremities 
warm  during  the  attack.  The  patient  should 
wear  warm  woollen  gloves,  not  too  tight.  During 
a  paroxysm  the  pain  may  require  morphia. 
Other  drugs,  such  as  atropin,  chloral,  or  the 
nitrites,  have  proved  of  little  avail.  Raynaud 
recommended  galvanism  to  the  spine,  and  ob- 
tained encouraging  results  in  certain  cases. 
Barlow  advocates  local  galvanism,  the  limb 
being  immersed  meanwhile  in  salt  water,  into 
which  one  electrode  is  led,  the  other  being 
applied  higher  up  the  limb.  Gentle  massage 
between  the  paroxysms  is  to  be  recommended. 
Counter-irritant  applications  must  be  avoided. 
In  malarious  cases  quinine  should  be  exhibited, 
in  cases  with  arterio-sclerosis  iodide  of  potassium, 
and  in  syphilis  anti-specific  treatment  should  be 
carried  out.  Gangrene  should  be  dealt  with  on 
surgical  principles. 

Erythromelalgia 

The  group  of  symptoms  included  under  this 
name,  originally  described  by  Weir  Mitchell, 
of  Philadelphia,  in  1872,  consists  essentially  of 
paroxysmal  pain,  redness,  and  swelling,  chiefly, 
though  not  exclusively,  aflPecting  the  feet.  Lewin 
and  Benda,  who  collected  41  cases,  were  the 


first  to  point  out,  in  1894,  that  erythromel- 
algia is  not  a  disease  of  itself,  but  occurs  in  the 
course  of  many  nervous  disorders.  The  affec- 
tion is  not  a  common  one.  Cassirer  in  1901, 
after  an  exhaustive  examination  of  the  literature 
on  the  subject,  had  collected  90  instances  in  all. 

Etiology. — Sex. — A  slight  majority  of  cases, 
as  in  Raynaud's  disease,  has  occurred  in  males. 
The  age  of  onset  has  mostly  been  in  middle  life, 
between  the  ages  of  twenty  and  sixty,  though 
neither  extreme  of  life  is  exempt.  Occupations 
which  entail  severe  exertion  with  long  hours  of 
standing,  or  exposure  to  varying  temperatures, 
appear  to  act  as  remote  predisposing  causes. 
Thus  tailors,  who  have  to  sit  in  an  awkward 
position  at  work,  and  fishermen,  engine-drivers, 
and  washerwomen,  who  are  exposed  to  cold  and 
wet,  have  been  specially  frequently  affected. 
Previous  illnesses  may  predispose  by  lowering 
the  general  vitality,  but  the  symptoms  often 
appear  in  apparently  healthy  individuals. 
Toxic  causes,  such  as  syphilis,  alcoholism, 
malaria,  etc.,  do  not  play  a  part  of  much  im- 
portance. Local  traumatism  has  occasionally 
preceded  an  attack,  whilst  cessation  of  the 
menses,  whether  accidental,  as  from  falling  into 
a  river,  or  physiological,  as  at  the  menopause, 
has  also  been  noted  as  preceding  the  first  attack. 

Symptoms. — The  chief  symptom  consists  in  a 
peculiar  burning  or  stabbing  pain,  generally 
affecting  one  foot,  sudden  or  gradual  in  onset, 
and  often  of  excruciating  intensity.  This  pain 
is  intermittent,  and  recurs  at  varying  intervals 
in  attacks  lasting  from  a  few  minutes  to  several 
hours  at  a  time.  It  is  made  worse  by  a  de- 
pendent posture  of  the  limb,  by  voluntary 
movement,  or  by  warmth,  whilst  it  is  relieved 
by  a  horizontal  posture,  by  rest,  and  by  cold 
applications. 

Redness  and  swelling  of  the  affected  area  of 
skin  are  superadded,  though  often  not  until 
several  weeks  or  months  after  the  first  appear- 
ance of  the  pain.  More  rarely  the  redness  and 
swelling  precede  the  pain.  The  redness  is  of  a 
bright  tint.  Its  area  may  be  diffuse ;  more 
often  it  is  circumscribed  at  first,  affecting,  for 
example,  the  ball  of  the  hallux  or  of  one  of  the 
other  toes,  the  heel,  or  the  outer  or  inner  side 
of  the  foot.  Sometimes  several  discrete  patches 
occur.  This  redness  spreads,  increases  in  in- 
tensity, and,  if  the  vertical  position  of  the  limb 
be  maintained,  there  appears  turgescence  of  the 
skin  with  bounding  arteries  and  venous  dilata- 
tion. This  swelling  of  the  skin  occasionally  pits 
on  pressure  ;  more  usually  this  is  not  so.  After 
some  minutes  or  hours  the  "  vascular  storm " 
partly  subsides,  the  hyper?emia  becomes  passive 
instead  of  active,  the  arteries  throb  less  violently, 
and  the  bright  red  gives  place  to  a  bluish,  dusky, 
cyanosed  tint  which  persists  for  some  little  time. 

During  the  red  phase  the  pain  becomes  pro- 
gressively more  intense,  and  there  is  exquisite 
tenderness  to  all  varieties  of  stimuli  in  the 
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affected  part.  The  plantar  reflex,  in  cases 
affecting  the  foot,  is  exaggerated  or  normal. 
The  patient  during  a  paroxysm  takes  off'  his 
shoes  and  stockings,  or  plunges  the  foot  into 
cold  water,  or  if  he  be  in  bed,  finds  even  the 
pressure  of  the  bedclothes  on  the  foot  intoler- 
able. 

The  local  temperature  during  an  attack 
usually  rises,  and  may  be  2°  or  3°  C.  higher 
than  in  the  unaffected  foot.  Instead  of  the 
normal  fall  of  local  temperature  on  letting  a 
limb  hang  down,  the  converse  condition  occurs, 
in  which  the  temperature  rises  when  the  limb  is 
dependent,  and  falls  when  raised  to  the  hori- 
zontal posture.  When  cyanosis  supervenes  the 
temperature  of  the  affected  foot  falls. 

The  above  symptoms  are  paroxysmal,  not 
continuous.  The  effect  of  the  dependent 
posture  in  producing  pain,  redness,  and  swell- 
ing is  often  instantaneous,  so  that  the  sufferer 
refuses  to  walk,  or,  if  he  walks,  treads  only  on 
the  unaffected  part  of  the  foot,  or  may  even, 
during  a  severe  attack,  go  on  his  hands  and 
knees. 

The  distribution  of  the  symptoms  is  primarily 
asymmetrical.  The  feet  are  chiefly  affected,  the 
hands  less  frequently.  The  pain  may  spread 
up  the  limb  as  far  as  the  knee  or  forearm. 
When  more  limbs  than  one  are  affected,  all  are 
not  attacked  at  once,  but  first  one  and  then 
another.  When  the  hands  suffer,  the  character- 
istic attitude  is  one  in  which  they  are  crossed 
over  the  breast  or  raised  above  the  head.  Less 
frequent  sites  of  the  affection  are  the  middle  of 
the  back,  the  area  of  the  neck  behind  the 
mastoid  process,  the  testicle,  or  the  mucous 
membrane  of  the  mouth  and  pharynx. 

Besides  the  cardinal  symptoms  above  de- 
scribed, various  concomitant  local  symptoms 
may  be  present.  Thus  secretory  changes  in  the 
form  of  excessive  sweating  of  the  affected  area 
may  occur  during  a  paroxysm.  Trophic 
changes  in  the  skin  occur  in  a  certain  pro- 
portion of  chronic  cases ;  thus  the  skin  and 
subcutaneous  tissues  may  become  either 
thickened  or  atrophic  and  glossy,  and  the  nails 
may  become  coarse  in  texture.  In  one  case 
observed  by  the  writer  desquamation  of  the 
affected  area  occurred  after  each  paroxysm. 

As  in  Raynaud's  disease,  the  motor  functions 
remain  unaffected.  Slight  diffuse  wasting  of 
the  muscles  may  occur,  but  not  in  the  area  of 
individual  nerves.  Electrical  reactions  of  de- 
generation do  not  occur,  nor  are  adjacent  nerve- 
trunks  tender  as  in  peripheral  neuritis. 

Atypical  cases  are  sometimes  seen  in  which 
the  vaso- motor  symptoms  are  intermediate 
between  erythromelalgia  and  Raynaud's  disease. 
Thus  the  pain  of  erythromelalgia  may  be 
accompanied  by  the  pallor  and  subnormal 
temperature  of  "local  syncope,"  or  even  by 
cyanosis.  Or  redness  and  heat  may  be  preceded 
by  pallor  and  coldness.    Or  the  symptoms  of 


erythromelalgia  and  of  Raynaud's  disease  may 
follow  each  other  in  the  same  person. 

Morbid  Anatomy  and  Pathology. — -Very 
few  cases  have  afforded  opportunities  of  patho- 
logical investigation,  and  in  most  of  them 
observers  have  been  content  with  the  examin- 
ation of  portions  of  the  nerve-trunks  adjacent 
to  the  affected  parts.  Out  of  six  such  cases,  in 
three  the  nerves  were  normal,  one  showed 
neuritis,  and  in  another  there  was  some  de- 
generation in  certain  posterior  roots  of  the 
Cauda  equina.  In  three  of  the  six  cases  arterio- 
sclerosis was  present. 

As  to  the  pathology  of  the  affection,  although 
its  most  striking  signs  are  doubtless  vaso-motor 
in  origin,  yet  the  superaddition  of  sensory, 
secretory,  and  trophic  changes  indicates  that 
the  vaso-motor  system  cannot  alone  be  to 
blame.  The  cause  of  the  paroxysms  must 
accordingly  be  referred  to  some  irritative  con- 
dition of  various  nervous  centres.  The  site  and 
nature  of  such  irritation  are  still  matters  of 
speculation.  They  cannot  be  referred,  as  some 
have  supposed,  to  the  sympathetic  alone,  since 
the  pain  is  entirely  disproportionate  to  that 
which  occurs  in  any  lesion  of  the  sympathetic 
chain.  One  must  rather  look  for  the  site  of  the 
disease  in  some  place  where  sensory  and  vaso- 
motor fibres  are  closely  associated,  that  is,  in 
the  spinal  cord  or  medulla.  In  support  of  such 
a  view  may  be  urged  not  only  the  paroxysmal 
nature  of  the  affection,  but  also  the  fact  that  in 
not  a  few  cases  erythromelalgia  is  one  of  the 
earliest  symptoms  in  organic  diseases  of  the 
cord.  The  presence  of  erythromelalgia  should 
lead  the  observer  to  ascribe  any  subsequent 
nervous  phenomena  to  organic  rather  than  to 
functional  disorder. 

It  is  not  improbable  that  the  site  of  the 
mischief  is  not  always  the  same,  and  that  in 
different  cases  the  peripheral  nerves,  the  spinal 
cord,  or  the  medulla  may  be  at  fault.  'Thus 
those  cases  which  follow  more  or  less  closely  the 
distribution  of  peripheral  nerves  may  be  due  to 
neuritis  affecting  especially  the  vaso-dilator  and 
secretory  fibres,  whilst  cases  which  are  diffusely 
distributed  over  a  whole  limb  or  several  limbs 
may  be  referable  to  some  central  cause,  spinal 
or  bulbar. 

Diagnosis. — In  well-marked  cases  this  is 
usually  easy.  Painless  vaso-motor  changes 
should  not  be  classed  as  erythromelalgia,  and, 
conversely,  pain  alone  is  not  diagnostic.  As 
already  explained,  cases  occur  in  which  the  de- 
marcation from  Raynaud's  disease  cannot  be 
sharply  drawn. 

From  neuritis  it  is  distinguished  by  the 
absence  of  muscular  atrophy  and  of  anaesthesia, 
from  ordinary  neuralgia  by  the  absence  of  the 
"tender  points"  and  by  the  presence  of  the 
vaso-motor  phenomena.  Intermittent  limp — 
intermittirende  HinJcen — is  a  condition  associated 
with  arteritis  of  the  peripheral  vessels  of  the 
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lower  limbs,  in  which  pains  and  parsesthesia 
come  on  in  the  legs  on  walking  and  pass  off 
with  rest.  It  is  distinguished  by  the  feebleness 
or  absence  of  pulsation  in  the  accessible  arteries 
of  the  foot,  and  by  the  absence  of  the  redness 
of  erythromelalgia. 

Prognosis  and  Treatment.  —  The  disease, 
though  chronic,  is  not  of  itself  fatal.  It  may 
reach  a  certain  degree  of  intensity  and 
then  become  stationary ;  more  often  it  is  gradu- 
ally progressive  in  intensity  and  distribution. 

The  treatment  during  a  paroxysm  consists 
in  elevating  the  limb  to  a  horizontal  posture, 
the  avoidance  of  movement,  and  the  local 
application  of  cold. 

Faradism  in  a  few  cases  has  been  beneficial. 
In  one  case  observed  by  the  writer,  a  galvanic 
current,  with  the  positive  pole  applied  to  the 
painful  area,  promptly  relieved  the  pain. 

Drugs  are  of  minor  importance,  though 
phenazone,  acetanilide,  iodide  of  potassium,  etc., 
have  all  been  suggested.  Morphia  is  a  dernier 
ressort,  and  not  rashly  to  be  recommended. 
Operations  on  the  peripheral  nerves  have  been 
unsatisfactory,  producing  at  the  best  only 
temporary  relief,  and  in  one  case  having  been 
followed  by  gangrene. 

Ra.ys.  See  Beta  Rays  ;  Blondlot  Rays  ; 
Radium  ;  X-Rays  ;  etc. 

Rciy'S  Mania,. — General  moral  insanity, 
in  which  morbid  changes  in  the  cortex  cerebri 
are  found. 

Reaction,  Bordet's.— The  biological 

test  of  blood,  which  may  be  thus  defined  :  "  The 
fact  that  the  blood-serum  of  an  animal  into 
which  has  been  injected  the  blood  of  another 
animal  of  different  species  develops  the  property 
of  agglutinating  and  dissolving  erythrocytes 
similar  to  those  injected,  but  has  no  such  effect 
upon  blood  derived  from  another  source "  (Da 
Costa). 

Reaction,  Lowenthai's.— A  blood 

test  for  detecting  relapsing  fever  in  the  stage 
preceding  the  appearance  of  spirilla  in  the  blood  ; 
it  consists  in  the  mixing  of  the  blood  of  a  sus- 
pected case  with  that  of  a  case  in  which  spirilla 
are  present  and  motile,  when,  if  the  suspected 
case  be  one  of  relapsing  fever,  the  spirilla  will 
become  motionless  and  collect  in  masses. 

Reaction  of  Deg^eneration.  See 

Physiology,  Tissues  {Muscle,  Electrotonus) ; 
Electricity  {Galvanism,  Reaction  of  De- 
generation). 

Reaction,  PfeifFer's.— The  fact  that 

the  vibrios  of  Asiatic  cholera  when  injected  into 
an  immunised  animal  lose  their  motility,  break 
up,  and  dissolve ;  Pfeiffer's  reaction  was  the 
foundation  of  Widal's  test. 

Reaction,  Widal's.  See  Typhoid 
Fever  {Pathology,  Serum  Diagnosis). 


Reading".  See  Blindness  {Education  of 
the  Blind). 

Ready  iVIetllOd. —  Marshall  Hall's 
method  of  artificial  respiration.  See  Asphyxia 
{Resuscitation). 

Rdcamier'S  Curette.  See  Curettage 
{History). 

ReceptaCUium. — A  receptacle,  such 
as  the  receptaculum  chyli  (dilated  commencement 
of  the  thoracic  duct),  etc.  See  Physiology,  Food 
AND  Digestion  {Absorption  of  Food,  Channels). 

Receptors.  See  Physiology,  Neuro- 
muscular Mechanism  {Neural  Arcs,  Receptor 
Mechanisms).  See  also  Immunity,  Recent  Views 
ON  {EhrlicKs  Side-Chain  Theory). 

ReceSSUS. — A  recess  or  depression,  such 
as  the  recessus  duodena-jejunalis,  the  recessus 
epitympanicus,  the  recessus  pharyngeus,  etc. 

Recklinghausen's    Disease.  — 

The  association  of  multiple  fibromata,  neuro- 
fibromata,  and  pigmentation  of  the  skin.  See 
Tumours  of  the  Skin  {Melanotic  Sarcoma). 

Reek's  Disinfector. — A  method  of 

disinfection  by  the  use  of  steam. 

Rec  I  i  n  at  ion.  See  Cataract  ( Treatment, 
Operatio7is). 

Reclus'S  Diseiase. — Cystic  disease  or 
chronic  cystic  inflammation  of  the  breast.  See 
Mammary  Gland,  Diseases  of  {Chronic  Mastitis). 

Recognition.  See  Memory  in  Health 
and  Disease  {Recognition). 

Recollection.  See  Physiology,  Cere- 
brum {Physiology  of  Memory). 

Rectal. — Relating   to   the   rectum.  See 

Rectum  and  Cross  References. 

Rectification. — Straightening  a  part, 
e.g.  a  deformed  limb,  or  altering  a  presentation 
in  obstetrics,  e.g.  a  face  case.  See  Labour, 
Management  of  {Face  Presentations). 

Rectified  Spirit.  ^See Alcohol (»S>rife). 

RectitiS.  —  Inflammation  of  the  rectum; 
proctitis.  See  Dysentery  {Diagnosis) ;  Enemata 
{Ga7igrenous  Rectitis) ;  Rectum,  Diseases  of. 

Recto-. — In  compound  words  recto-  (Lat. 
rectus,  straight)  means  relating  to  the  rectum; 
e.g.  recto-abdominal  examination  (palpation  of 
the  pelvic  organs  by  means  of  a  finger  in  the 
rectum  and  a  hand  over  the  abdomen),  recto- 
colitis  (inflammation  of  the  rectum  and  colon), 
recto-cystotomy  (incision  of  the  bladder  carried 
out  through  the  rectum),  rectoscope  (a  rectal 
speculum),  and  recto-vesical  (relating  to  the 
rectum  and  the  bladder). 
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RectOCele. — Prolapse  of  the  rectum  into 
the  vagina,  e.g.  in  cases  of  procidentia  uteri. 
See  Pelvis,  Perineum  and  Pelvic  Floor 
{Lesions  of  the  Fixed  Portion  of  the  Pelvic 
Floor) ;  Uterus,  Displacements  of  {Desce7it). 

RectO-Vagfinal. — Affecting  the  rectum 
and  the  vagina ;  e.g.  a  recto-vaginal  fistula,  the 
recto-vaginal  septum,  etc. 


Rectum,  Diseases  of  the 
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See  also  Abdomen,  Clinical  Investigation  of 
{Examination  per  Rectum) ;  Appendix  Vermi- 
FORMis  {Appendicitis,  Symptoms,  Rectal  Examina- 
tion) ;  Ascites  {Recognition  of  the  Cause,  Rectal 
Examination) ;  Aseptic  Treatment  of  Wounds 
{Operations  on  the  Rectum);  Cautery  {Uses  in 
Rectal  Operations) ;  Cholera,  Epidemic  {Symp- 
toms, Rectal  Temperature) ;  Colon,  Diseases  of 
{Symptoms  of  Malignant  Stricture,  Ballooning 
of  Rectum) ;  Electricity  {In  Diseases  of  the 
Rectum) ;  Fractures  {Pelvis,  Rectal  Explora- 
tion) ;  Gastro-Intestinal  Disorders  of  Infancy 
{Congenital  Anomalies,  Rectal  Steatosis,  Prolapsus 
Recti) ;  Generation,  Female  Organs  op  {Bladder 
and  Rectum) ;  Gyn/ECOlogy,  Diagnosis  in  {Rectal 
Examination) ;  Haemorrhage  {Treatment) ;  Hip- 
Joint,  Diseases  of  {Abscess  Formation,  Rectal 
Examination)  :  Hysteria  {Disorders  of  Digestive 
Organs,  Rectal  SjMsms) ;  Intestines,  Surgical 
Affections  of  {Intussusception) ;  Invalid  Feed- 
ing {Rectal) ;  Labour,  Post-partum  Hemor- 
rhage IN  {Secondary  Treatment  by  Rectal  In- 
jections) ;  Menstruation  and  its  Disorders 
( Vicarious) ;  Mesenteric  Glands  {Abdominal 
Tuberculosis,  Diagnosis  by  Rectal  Examination) ; 
New-born  Infant  {Structural  Deformities,  Im- 
perforate Anus)  ;  Peritoneum,  Acute  Peri- 
tonitis {Method  of  Examination) ;  Post-mortem 
Methods  {Abdomitial  Pelvis,  Rectum) ;  Prostate 
Gland  {Hypertrophy,  Diagnosis) ;  Puerperium, 


Physiology  of  {Involution,  Effect  of  State  of 
Rectum) ;  Syphilis  ( Visceral  Gummatous  Ulcera- 
tion and  Stricture  of  Rectum) ;  Tabes  Dorsalis 
{Symptomatology ,  Rectal  Crises) ;  Vagina,  Dis- 
orders of  the  {Recto-  Vaginal  Fistulce). 

Rectal  diseases  are  among  the  most  common 
that  affect  civilised  humanity.  Improper  food 
and  alcohol,  sedentary  indoor  occupations,  and 
defects  in  clothing  have  much  influence  in  the 
causation  of  these  maladies,  which,  though  not 
usually  dangerous  to  life,  certainly  give  rise  to 
a  vast  amount  of  suffering,  and  also  to  the 
distress  arising  from  inability  to  work  for  daily 
bread. 

The  majority  of  these  affections  are  very 
amenable  to  proper  treatment.  Some  forms  of 
rectal  disease  are  much  more  common  than 
others,  notably  fistula  and  piles. 

In  hospital  practice  fistula  is  more  common 
than  piles,  but  in  private  practice  hsemorrhoids 
of  various  kinds  are  more  frequently  met  with. 

There  are  certain  questions  which  it  is  desir- 
able to  ask  the  patient  when  investigating  a 
case  of  rectal  disease. 

These  refer  to  : — 

(1)  The  presence  or  absence  of  pain,  and  its 
nature  and  position. 

(2)  Protrusion  on  action  of  the  bowels,  or  on 
exertion. 

(3)  Nature  of  discharge  if  present. 

(4)  Constipation  or  diarrhoea. 

It  is  not  uncommon  for  stone,  cystitis,  pros- 
tatitis, or  urethral  stricture  to  give  rise  to  rectal 
symptoms,  which  may  be  most  prominent,  and 
mislead  a  patient  to  suspect  the  rectum  when 
the  urinary  organs  are  really  the  seat  of  his 
disease.  In  women  the  condition  of  the  uterus 
must  be  ascertained. 

Verbal  interrogations  concluded,  an  examina- 
tion is  to  be  made.  The  most  comfortable  and 
delicate  position  for  the  patient,  and  the  most 
convenient  for  the  surgeon,  is  obtained  when 
the  former  lies  on  the  right  side,  face  and  chest 
turned  towards  the  couch,  right  arm  behind  the 
back,  and  knees  drawn  up  to  the  abdomen. 
The  buttocks  are  then  in  an  oblique  position, 
and  leave  the  surgeon  a  good  view  of  the  anus. 
In  special  examination  for  growth  or  stricture 
the  patient  should  be  directed  to  stand  up  and 
bear  down.  Great  gentleness  must  always  be 
used  in  the  examination.  Note  any  discolora- 
tion and  the  condition  of  anus,  whether  patulous, 
contracted,  or  nipple-shaped.  Look  for  tumour, 
ulceration,  or  fistulous  openings ;  feel  around 
the  anus  for  induration.  Press  on  the  very  verge 
of  the  anus,  for  a  painful  spot  may  be  found 
indicating  the  position  of  a  fissure.  With  the 
hands  placed  upon  the  buttocks,  and  the  fingers 
near  the  anus,  separate  the  former,  telling  the 
patient  to  bear  down.  The  anus  is  thus  everted, 
and  the  orifice  and  mucous  membrane  for  half 
an  inch  up  the  bowel  exposed  to  view.  Fissure, 
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piles,  or  polypi  are  thus  discovered.  Now 
examine  the  interior  of  the  bowel  with  the 
finger  well  anointed,  the  patient  bearing  down 
as  it  is  inserted.  The  tightness  and  breadth  of 
the  sphincters  are  observed,  and  careful  ex- 
amination made  in  the  space  between  them,  the 
commonest  position  for  openings  of  fistulse. 
Then  the  finger  is  passed  higher,  and  the  pros- 
tate and  upper  parts  of  the  rectum  thoroughly 
explored. 

If  a  tumour  is  felt,  try  to  indent  it  with  the 
finger.  Scratch  with  the  nail,  to  detect  what 
matter  is  got  from  it ;  impacted  fseces  may  give 
rise  to  symptoms  of  cancer,  and  blood,  mucus, 
or  pus  on  the  nail  helps  diagnosis.  Use  the 
right  forefinger  for  the  front  wall,  and  the  left 
for  the  posterior  aspect  of  the  gut. 

If  the  rectum  be  full  of  fseces  obscuring 
diagnosis  an  enema  is  necessary.  A  speculum 
is  seldom  needed  for  diagnosis.  When  used  it 
must  be  large,  and  an  ansesthetic  is  required. 
Should  nothing  be  found  to  account  for  the 
patient's  symptoms,  the  highest  part  of  the 
rectum  and  lower  part  of  the  sigmoid  flexure 
may  be  examined  by  bougies  with  or  without 
an  anaesthetic.  First  india-rubber,  then  metal 
bougies  are  to  be  used.  Passage  of  the  hand 
into  the  rectum  for  diagnosis  of  disease  high  up 
is  of  doubtful  value.  In  obscure  cases  it  is 
most  important  to  give  an  antesthetic,  dilate 
the  sphincters,  and  examine  the  abdomen, 
pressing  deeply  into  the  left  iliac  fossa. 

Abscess  and  Fistula  in  Ano. — Men  are  more 
subject  to  fistula  than  women.  The  disease  is 
commonest  in  middle-age,  but  infants  in  arms, 
and  patients  over  eighty,  have  alike  needed 
operation  for  fistula.  The  commonest  causes 
are : — 

(1)  Injury  to  the  anus,  as  by  passage  of  hard 
motions  or  foreign  bodies. 

(2)  Exposure  to  wet  or  cold,  as  by  sitting  on 
damp  seats  after  exercise,  when  the  parts  are 
hot  and  perspiring. 

(3)  Parasites  of  the  anus  and  its  neighbour- 
hood. Thrombosed  veins  and  suppurating  piles 
are  predisposing  causes. 

(4)  Abscess  and  fistula  may  follow  fevers,  and 
those  conditions  which  give  rise  to  boils  and 
carbuncles  ;  and 

(5)  Tubercular  tendency  inherited  or  acquired 
may  lead  to  this  disorder. 

Fistula  generally  begins  by  formation  of  an 
abscess  immediately  beneath  the  skin  just  out- 
side the  anus,  stai'ting  in  the  cellular  tissue,  or 
hair,  or  sebaceous  follicles.  The  ischio-rectal 
fossa  is  a  rarer  situation.  It  may  begin  in  the 
subcutaneous  connective  tissue  of  the  rectum, 
and  burst  into  the  bowel.  It  may  undermine 
the  rectum  in  any  direction.  In  phthisical 
patients  it  may  begin  by  ulceration  of  the 
mucous  membrane,  in  which  faecal  matter  ac- 
cumulates and  forms  a  sinus,  opening  eventually 
outside  the  anus.    Abscess  may  originate  in  the 


superior  pelvi-rectal  spaces,  and  form  sinuses 
extending  in  every  direction.  Rectal  abscesses 
may  be  acute,  chronic,  or  gangrenous.  The 
acute  are  accompanied  by  severe  constitutional 
disturbances,  the  chronic  may  be  evident  only 
from  a  painless  fluctuating  swelling,  with  thin 
and  discoloured  skin,  or  a  flat,  boggy,  crepitating 
enlargement  by  the  side  of  the  anus.  Gan- 
grenous abscess  around  the  rectum  is  rare, 
occurs  in  persons  of  broken  health,  and  requires 
very  free  incision.  Rest,  fomentation,  and 
leeches  may  cut  short  a  threatening  abscess  if 
seen  early.  Usually,  however,  pus  forms,  and 
incision  is  then  the  only  treatment.  The  longer 
an  abscess  is  left  unopened  the  greater  is  the 
danger  of  sinus  formation.  To  open  small 
abscesses,  place  the  patient  on  the  side  of  the 
swelling,  pass  the  left  forefinger  into  the  bowel, 
and  make  outward  pressure  between  this  and 
the  thumb  ;  with  a  straight  bistoury  held  per- 
pendicular to  the  abscess,  open  it,  cutting  out- 
wards, and  making  the  incision  at  right  angles 
to  the  anus.  In  severe  cases  open  the  abscess 
from  end  to  end,  and  from  behind  forwards. 
Introduce  the  forefinger,  and  break  down  any 
secondary  cavities,  carrying  the  finger  up  by 
the  side  of  the  rectum  till  only  one  large  sac 
remains.  If  there  is  outward  burrowing,  make 
a  deep  incision  into  the  buttock  at  right  angles 
to  the  first.  Do  not  cut  away  sloughs.  The 
cavity  is  syringed  out,  and  filled  with  wool 
soaked  in  iodoform  and  vaseline,  20  gr.  to  ^j. 
After  twenty-four  hours  this  is  changed  daily, 
the  wool  being  very  lightly  carried  to  the  bottom 
of  the  cavity,  which  must  not  be  stuffed.  Fistula 
often  follows  abscess  owing  to  the  movement  of 
the  part  by  the  action  of  bowels  and  sphincters, 
the  presence  of  much  loose  areolar  tissue  and 
fat,  and  the  unsupported  state  of  vessels  near 
the  rectum. 
Fistula;  are : — 

(1)  Complete,  having  an  opening  inside  and 
outside  the  bowel. 

(2)  Blind  external,  having  no  internal  opening. 

(3)  Blind  internal,  having  no  external  opening. 
In  almost  every  case  of  complete  fistula  the 

internal  opening  is  between  the  two  sphincters. 
Fseces  when  liquid,  passing  into  complete  or 
blind  internal  fistulse,  cause  great  suff"ering — 
burning  pain  often  lasting  for  hours  after  an 
action  of  the  bowels.  Any  fistula  may  become 
complex  by  the  formation  of  many  sinuses.  As 
regards  the  seriousness  of  a  case,  the  most  im- 
portant point  is  whether  the  sinuses  are  low 
down  in  the  rectum  or  surrounding  tissue,  or 
high  up  as  the  result  of  abscess  in  the  ischio- 
rectal fossa,  or  above  the  levator  ani  muscle. 
In  examining  fistula  use  the  probe  with  a  very 
light  hand,  letting  it  find  its  own  way. 

If  operation  is  not  at  once  desirable,  palliative 
treatment  may  be  tried  if : — 

(1)  There  is  no  internal  opening. 

(2)  The  discharge  is  thin  and  watery. 
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There  may  be  more  than  one  internal  opening. 
The  internal  opening  must  be  felt  with  the 
finger,  a  tortuous  course  of  the  sinus  often  pre- 
venting the  probe  from  reaching  it. 

In  horseshoe  fistula  the  sinus  generally  runs 
dorsally  from  one  side  of  the  anus  to  the  other. 
In  children  fistula  is  generally  due  to  worms, 
and  is  cured  by  removing  them  ;  a  saline  iron 
mixture  should  be  prescribed  in  addition  to  the 
usual  vermicide  remedies.  In  adults  palliative 
treatment  consists  in  the  application  of  strong 
acids,  the  outer  opening  of  the  fisula  being  first 
well  dilated.  Wool  twisted  upon  a  piece  of  stiff 
wire  is  passed  down  the  sinus  and  withdrawn, 
and  then,  similarly,  wool  saturated  with  the 
chosen  acid.  A  drainage  tube,  just  large  enough 
to  fill  the  sinus,  is  inserted,  and  shortened 
daily.  More  than  one  application  of  the  acid 
may  be  needed,  and  the  external  opening  mnst 
be  kept  dilated.  Spontaneous  cure  of  fistula 
does  very  rarely  occur.  Forcible  dilatation  of 
the  sphincters  sometimes  leads  to  cure,  but  is 
very  uncertain.  The  patient  need  only  rest  for 
two  days  after  this  procedure.  When  a  cutting 
operation  is  to  be  avoided,  the  elastic  ligature 
may  be  used  if  there  is  only  one  sinus.  For 
details  of  this  treatment,  which  is  rarely  suitable, 
readers  are  referred  to  the  author's  larger  work 
on  Diseases  of  the  Rectum. 

Operations  on  Fistula  in  Ano. — Thirty-six 
hours  before  operation  an  aperient  is  to  be 
given,  and  an  injection  on  the  morning  of  the 
operation.  The  patient  should  always  be  anaes- 
thetised, as  the  extent  of  the  operation  cannot 
be  foreseen,  and  placed  upon  the  side  on  which 
the  fistula  exists,  the  buttocks  being  brought  to 
the  edge  of  the  couch,  and  the  knees  drawn  up. 
This  is  the  best  position  for  most  rectal  opera- 
tions, but  with  fistula  on  both  sides  the 
lithotomy  position  should  be  adopted.  A 
director  is  passed  into  the  external  opening, 
and  if  possible  through  the  sinus  and  internal 
opening.  When,  with  the  finger  in  the  bowel, 
the  point  of  the  director  is  felt,  it  is  turned 
towards  the  anus,  and  the  tissues  over  it 
divided  with  a  curved  bistoury.  If  the  point 
of  the  director  cannot  be  brought  out  at  the 
anus,  owing  to  the  depth  of  the  fistula,  it  must 
be  passed  well  through  the  sinus,  and  steadied 
by  the  left  forefinger  inserted  into  the  rectum, 
while  a  straight  knife  is  run  along  the  groove 
of  the  director,  cutting  towards  the  bowel  until 
the  tissues  are  severed.  This  is  not  an  easy 
operation.  Dilation  of  the  sphincters  is  of 
great  assistance.  If  there  is  no  internal  opening, 
the  point  must  be  found  where  only  mucous 
membrane  intervenes  between  the  point  of  the 
probe  and  the  internal  finger.  If  this  is  the 
highest  point  of  the  sinus,  work  the  point 
through,  and  bring  it  out  at  the  anus.  If  it 
be  not  the  highest  point  of  the  sinus,  gently 
push  the  probe  farther,  and  then  thrust  it 
through  the  tissues  into  the  bowel.  Unless 


the  sinus  is  laid  open  to  its  whole  extent  the 
patient  will  not  be  cured.  After  dividing  a 
fistula  from  its  external  to  its  internal  opening, 
search  with  the  probe  for  any  sinus  running 
up  beyond  the  internal  apertui'e.  Search  with 
the  finger  tip  for  lateral  sinuses  from  the  main 
track,  or  for  outward  burrowing  beyond  the 
external  opening.  There  may  be  a  secondary 
sinus  beneath  the  main  one.  This  is  found 
by  scraping  away  the  granulation  tissue  of  the 
main  sinus.  When  all  sinuses  have  been  slit 
up,  the  overlapping  edges  of  the  skin  should 
be  taken  off.  In  cases  with  much  induration 
draw  a  straight  knife  through  the  dense  track 
of  the  fistula,  and  outwards  beyond  the  external 
opening.  When  the  operation  is  completed, 
some  fine  cotton-wool  is  packed  with  a  probe 
into  the  bottom  and  every  part  of  the  wound. 
A  pad  of  wool  over  the  wounds,  and  a 
T-bandage  firmly  applied,  complete  the  dress- 
ing. In  this,  as  in  all  rectal  operations,  strict 
surgical  cleanliness  must  be  observed  through- 
out. In  cases  where,  owing  to  the  depth  of 
the  sinus  and  the  density  of  the  tissues,  the 
point  of  a  probe  director  cannot  be  got  out  of 
the  anus,  the  author's  spring  scissors  and 
special  director  are  recommended.  In  operating 
upon  horseshoe  fistulae  only  one  division  of  the 
sphincter  must  be  made.  Press  a  director 
through  the  external  aperture,  and  on  to  its 
point  incise  the  skin  in  the  middle  line  behind ; 
push  the  director  through  and  slit  up.  Then 
slit  up  the  lateral  sinuses  on  directors  passed 
in  at  the  external  openings,  and  brought  out 
at  the  dorsal  incision.  Most  horseshoe  fistulse 
are  dorsal.  Incontinence  of  faeces  does  not 
follow  operations  upon  these  cases  if  the  internal 
sphincter  is  not  divided,  and  if  all  loose  mucous 
membrane  or  piles  that  may  be  present  be 
thoroughly  removed,  so  as  to  insure  some 
contraction  of  the  anus.  Internal  fistulae  are 
often  connected  with  haemorrhoids,  and  some- 
times follow  suppuration  caused  by  application 
to  these  of  strong  remedies.  The  internal 
opening  may  be  detected  only  with  difficulty, 
appearing  as  an  ulcer  which  must  be  searched 
with  the  probe.  In  operating  upon  women, 
cut  as  little  as  possible. 

Incontinence  of  faeces  results  from  cutting 
the  muscles,  particularly  the  internal  sphincter, 
in  more  than  one  place.  On  one  side  the 
sphincters  may  be  divided  quite  through  with- 
out harm  if  the  incision  is  at  right  angles  to 
the  fibres  of  the  muscles.  After  operation  for 
fistula  the  bowels  should  be  confined  for  three 
days.  The  wool  should  be  well  moistened  and 
removed  a  little  day  by  day,  beginning  on  the 
day  after  operation.  After  action  of  the  bowels 
syringe  the  wound  daily  with  warm  antiseptic 
lotion,  and  lay  a  little  cotton-wool  lightly  along 
the  whole  track.  Fresh  sinuses  are  generally 
indicated  by  sudden  increase  of  discharge. 
Whenever  a  wound  secretes   more   than  its 
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surface  seems  to  warrant,  or  pus  oozes  up  ou 
pressure,  search  diligently  for  the  sinus. 
Burrowing  has  certainly  commenced.  Patients 
should  be  encouraged  to  state  when  they  have 
pain  in  or  near  a  healing  fistula ;  this  may  lead 
to  early  detection  of  small  abscess  or  sinus. 
The  length  of  time  that  a  recumbent  posture 
is  to  be  maintained  depends  upon  the  general 
health  and  extent  of  the  wounds.  Patients 
need  not  be  kept  long  in  bed,  but  should  be 
made  to  recline  upon  a  sofa.  Never,  if  it  can 
be  avoided,  operate  upon  a  fistula  that  is 
acutely  inflamed.  A  free  dependent  opening 
only  should  be  made,  and  the  patient  rested 
till  all  inflammation  has  subsided. 

Incontinence  of  Fceces  ;  Causes  and  Treatment. 
— Incontinence  may  result  from  injudicious 
operation,  even  on  ordinary  fistulse,  or  from 
extensive  fistulfe.  This  distressing  symptom 
is  associated  with  three  conditions  of 
sphincter : — 

(1)  Too  deep  a  cut  has  been  made  through 
both  sphincters,  and  the  wound  in  healing  has 
left  a  deep  sulcus. 

(2)  The  sphincter  has  been  divided  in  two 
places,  and  weak  splicing  has  ensued,  the 
muscles  being  divided  obliquely  instead  of  at 
right  angles  to  their  fibres.  Cicatrices  are  seen 
and  felt,  one  each  side  of  the  bowel. 

(3)  In  women  the  anal  sphincter  has  a  weak 
point  in  the  perineum,  owing  to  decussation 
with  fibres  of  the  sphincter  vagiuEe.  When 
this  point  is  incised  loss  of  power  results.  In 
these  cases  little  is  found  on  examination, 
except  that  the  scar  shows  the  fistula  to  have 
been  perineal. 

A  single  operation  may  succeed  in  curing  any 
of  these  conditions,  but  many  may  be  necessary, 
and  months  may  elapse  before  a  satisfactory 
result  is  obtained.  In  most  cases,  however, 
free  application  of  the  rectal  cautery  is  to  be 
employed.  The  external  and  internal  sphincters 
are  deeply  burned  in  several  places,  the  old 
scars  cauterised,  and  the  tissue  just  around  the 
anus  burned  into.  The  wounds  are  to  be 
dressed  with  wool  saturated  in  olive  oil.  After- 
treatment  needs  great  care,  daily  passage  of 
the  finger  keeping  contraction  within  due 
bounds,  and  soft  motions  being  habitually 
procured.  In  the  condition  first  described, 
where  there  is  a  sulcus,  the  old  scar  tissue  may 
be  cut  away,  and  the  wound  luiited  by  catgut 
sutures.  In  the  second  condition  the  cautery 
affords  the  only  hope.  In  the  third  condition 
Lawson  Tait's  operation  on  the  perineum  may  be 
performed,  and  the  flaps  turned  into  the  rectum. 

Fistula  in  conjunction  with  phthisis  requires 
special  consideration,  particularly  as  regards 
the  question  of  operation.  Tubercular  fistulae 
are  commonly  distinguished  by  the  following 
attributes : — 

(1)  Fistula  begins  with  a  chronic  abscess, 
which  is  frequently  painless  ; 


(2)  The  external  opening  is  large,  ragged, 
and  irregular  in  form ; 

(3)  The  internal  opening  is  large ; 

(4)  The  sinuses  are  soft,  and  felt  as  gutters 
or  depressions  below  the  skin  ; 

(5)  The  skin  around  the  external  opening  is 
blue  and  imhealthy  looking  ; 

(6)  Discharge  is  thin  and  watery,  and  tubercle 
bacilli  may  be  found  in  it  ; 

(7)  The  buttocks  are  thin,  and  the  ischio- 
rectal fossa  depressed ; 

(8)  There  is  an  excessive  amount  of  hair, 
which  is  long  and  fine ; 

(9)  The  sphincters  are  weak,  little  resistance 
being  offered  to  the  introduction  of  a  finger. 

Fistula  with  some  or  all  of  these  characteristics 
may  be  met  with  in  persons : — 

(1)  The  subjects  of  active  tuberculosis; 

(2)  Who  have  had  haemoptysis,  and  still  have 
remains  of  a  cavity  or  consolidation  of  apices ; 

(3)  Who  have  the  family  history  of  phthisis, 
but  no  direct  evidence  in  themselves,  except  the 
fistula. 

In  the  first  class  only  such  operation  as  is 
necessary  to  relieve  pain  will  be  recommended  ; 
in  the  second,  operation  with  very  careful  limita- 
tion of  incision  ;  and  in  the  third,  an  early  and 
free  operation  to  rid  the  patient  from  a  possible 
source  of  future  infection.  These  patients  are 
generally  better  subjects  for  chloroform  than 
for  ether.  After  operation  these  patients  should 
not  be  kept  strictly  on  the  back  or  side,  as 
usually  after  an  operation  for  fistula.  They 
should  be  allowed  up,  or  in  a  sitting  position, 
even  from  the  day  after  operation.  Careful 
feeding,  drug,  and  climatic  treatment  will  help 
to  a  favourable  result. 

HAEMORRHOIDS. — Piles  are  generally  described 
as  being — 

(1)  Internal  or  "bleeding"; 

(2)  External  or  "  blind  "  ; 

and  the  distinction  is  as  a  rule  well  marked, 
although  internal  hsemorrhoids  may  so  prolapse 
as  to  be  mostly  external,  and  external  piles 
may  encroach  upon  the  mucous  membrane 
within  the  anus.  External  piles  are  the  less 
important.  They  are  of  two  kinds :  the  first 
being  hypertrophies  of  skin,  exaggerations  of 
the  surface  of  the  anus ;  and  the  second, 
venous  tumours  rounded  or  elongated,  situated 
at  the  verge  of  the  anus,  or  passing  up  into 
the  bowel.  External  piles  cannot  be  reduced 
within  the  anus.  Internal  piles,  if  protruded, 
can  be  so  reduced  by  gentle  pressure,  and  thus 
in  doubtful  cases  a  diagnosis  may  be  made  as 
to  which  of  the  two  kinds,  or  whether  both  are 
present.  When  both  kinds  are  present  the 
case  must  be  regarded  as  one  of  internal  piles. 
External  hjemorrhoids  are  so  common  that  few 
persons  reach  middle  age  without  suff"ering  from 
them  in  greater  or  less  degi'ee.  So  great  a 
variety  of  causes  helps  to  their  formation  that 
no  class  of  persons  is  exempt,  but  those  suffer 
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most  perhaps  who  are  prone  to  rich  living, 
excessive  smoking,  sedentary  occupations,  or 
violent  prolonged  exercise.  Straining  at  stool, 
the  use  of  cheap  printed  paper  as  a  detergent, 
constipation,  and  pregnancy  are  some  of  the 
factors  very  commonly  present.  Either  variety 
of  external  pile — the  simple  skin  hypertrophy 
and  the  varicose  clot-containing  vein — is  liable 
to  acute  attacks  of  inflammation.  Extra  eating 
and  drinking  are  often  the  exciting  cause  of 
these.  A  sensation  of  fulness  and  pulsation  in 
the  anus,  followed  by  itching  of  a  most  annoying 
nature,  is  the  first  symptom.  The  anus  is  a 
little  swollen  and  tender,  and  there  may  be  a 
stain  of  blood  when  the  bowels  act.  All  this 
may  pass  off  with  simple  treatment,  but  if 
neglected  will  precede  a  more  severe  attack. 
One  common  mistake,  to  suppose  the  piles 
internal,  and  attempt  their  reduction,  must  be 
carefully  guarded  against.  The  necessary 
treatment  consists  in  spare  diet,  rest,  reduction 
of  smoking,  an  aperient  pill,  and  the  local 
application  of  a  sedative  and  astringent  ointment 
or  lotion.  Common  and  efficient  prescriptions 
are — Bismuth  subnitr.  7)ij.,  Hyd.  subchlor. 
Cocaine,  gr.  iv.,  vaseline  ad.  §j. ;  or  Liq.  plumbi. 
subacet.  gj.,  Liq.  opii.  sedativ.  gss.  A  tumbler 
of  Vichy  water  or  Carlsbad  salts,  taken  on 
rising,  is  often  a  useful  adjunct.  If,  through 
delay  in  treatment,  more  acute  inflammation 
sets  in,  the  piles  become  much  increased  in 
size,  oedematous,  or  shiny,  and  very  painful  if 
touched.  By  irritation  they  cause  spasm  of 
the  sphincter  and  levator-ani  muscles,  giving 
rise  to  acute  pain  just  as  the  patient  is  falling 
off  to  sleep.  He  is  generally  feverish  and  con- 
stipated. Warm  applications  are  in  this  state 
generally  better  than  cold,  but  sometimes  ice 
gives  much  relief.  Treatment  as  recommended 
above  will  probably  cure  the  attack,  but  if 
desired,  operation  may  be  at  once  undertaken. 
It  is  to  be  recommended — 

(1)  For  the  saving  of  time  ; 

(2)  To  prevent  recurrence  ; 

(3)  If  the  pain  is  great,  and  unrelieved  by 
palliatives. 

In  the  case  of  the  hypertrophied  skin 
tumours,  operation  consists  in  removing  them 
with  scissors,  and  may  be  done  under  gas. 
Care  must  be  taken  not  to  remove  enough  skin 
to  induce  subsequent  contraction.  The  venous 
piles  are  to  be  pinched  up  between  finger  and 
thumb,  and  the  basis  transfixed  with  a  curved 
bistoury,  which  is  made  to  cut  out  Pressure 
extrudes  the  clot,  and  fine  cotton-wool  is  then 
placed  at  the  bottom  of  the  sac.  The  incision 
is  made  in  the  direction  of  the  radiating  folds 
of  the  anus.  If  unoperated  on  these  tumours 
may  form  cutaneous  flaps,  the  blood  in  them 
becoming  absorbed. 

Internal  Hemorrhoids.  — All  causes  of  external 
piles  tend  to  the  production,  too,  of  internal, 
but  these  may  also  represent  a  family  idiosyn- 


crasy. Pregnancy,  which  often  causes  external 
piles  that  pass  away  after  labour,  has  a  different 
relationship  to  internal  hsemorrhoids  which  ap- 
pear after  parturition,  when  the  parts  are  re- 
laxed and  involution  is  taking  place.  Internal 
piles  have  been  attributed  to  anatomical  peculi- 
arities of  the  superior  hsemorrhoidal  veins,  but 
their  diverse  structure  is  against  this  view. 
They  may  be  — 

(1)  Capillary; 

(2)  Arterial ;  or 

(3)  Venous. 

The  first  are  small,  florid,  raspberry-like  looking 
vascular  areas  on  the  mucous  membrane,  with 
a  granular  surface  that  bleeds  on  the  slightest 
touch.  They  consist  of  hypertrophied  capillary 
vessels,  and  spongy  connective  tissue,  and 
closely  resemble  arterial  naevi.  After  a  long 
time,  or  after  strong  applications,  they  lose 
their  granular  appearance,  and  may  remain 
dormant  for  longer  or  shorter  periods,  when 
they  grow  again.  Arterial  haemorrhoids  are 
sessile  or  slightly  pedunculated  tumours,  with 
glistening  or  slightly  granular  surface,  and 
having  an  artery,  often  as  large  as  the  radial, 
entering  the  upper  part.  They  consist  of 
numerous  freely  anastomosing  vessels,  tortuous, 
and  sometimes  dilated  into  pouches,  and  a 
stroma  of  connective  tissue. 

In  the  third  variety  of  internal  piles  veins 
predominate.  The  tumours  are  often  as  large 
as  a  hen's  egg,  of  bluish  or  livid  colour,  with  a 
smooth  or  pseudo-cutaneous  surface.  Ordinary 
piles  of  long  standing,  causing  discharge  rather 
than  bleeding,  have  been  spoken  of  as  "  white 
piles."  Partial  prolapse  of  the  mucous  and 
submucous  membrane  of  the  rectum  much  re- 
sembles, but  is  to  be  distinguished  from  piles. 
There  is  no  definite  tumour,  and  no  hypertrophy 
of  vessels. 

Capillary  piles  can  be  diagnosed  only  by 
symptoms  and  ocular  inspection ;  they  cannot 
be  felt.  Pains  in  the  back,  in  the  spermatic 
cord  and  testicles,  and  small  daily  losses  of 
blood  are  commonly  met.  It  is  this  form  of  the 
disease  that  may  be  benefited  by  application  of 
carbolic  or  fuming  nitric  acid.  The  treatment 
is  uncertain,  even  with  capillary  piles,  and 
never  to  be  used  with  the  arterial  and  venous 
forms.  Powerful  astringents,  as  liq.  hamamelis, 
twice  dailj%  or  suppositories  of  sulphate  of  iron, 
are  similarly  sometimes  effective  with  capillary 
piles.  Arterial  and  venous  piles  have  many 
symptoms  in  common,  and  the  suffering  they 
cause  depends  more  upon  the  condition  of  the 
tumour,  as  regards  inflammation  or  ulceration, 
than  upon  its  exact  histological  nature.  In  the 
early  stages  of  the  affection  the  piles  come 
down  at  stool  and  bleed,  returning  within  the 
sphincter  after  the  bowels  have  acted  or  when 
the  patient  rises,  or  at  least  upon  his  lying  down 
and  vohmtarily  retracting.  Later,  pressure  is 
needed.    On  their  return  they  come  outside  the 
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sphincter  on  the  slightest  exertion,  discharge 
mucus,  bleed  independently  of  action  of  the 
bowels,  and  cause  a  constant  sense  of  weight 
above  the  anus,  the  patient  feeling  as  if  the 
bowels  were  never  properly  i-elieved.  Cutaneous 
hypertrophies  are  generally  present  around  the 
anus.  These  are  irritated  by  the  discharge, 
becoming  inflamed  and  very  tender.  Sometimes 
a  number  of  polypoid  growths  are  studded  over 
the  mucous  membrane.  Arterial  and  venous 
piles  can  be  felt  on  examination  as  tumours 
bulging  from  the  rectal  wall  with  well-marked 
sulci  between  them.  If  scratched  they  bleed 
freely.  Arterial  piles  are  less  dependent  upon 
constitutional  causes,  and  have  less  tendency  to 
prolapse  than  the  venous. 

Treatment.  —  Palliative  treatment  has  little 
effect  upon  arterial  piles.  With  venous  piles  it 
may  materially  alleviate,  if  not  cure,  the  dis- 
ease. Such  treatment  consists  in  regulating 
the  diet  and  mode  of  life,  careful  regulations  of 
the  bowels,  the  use  of  cold  water  injection  after 
their  action,  and  the  application  of  suitable 
astringent  ointments.  Advanced  cases  need 
operative  treatment. 

Treatment  of  Protruding  Piles. — If  the  piles 
have  just  come  down  the  patient  should  lie 
prone  with  pillow  under  the  pelvis.  Wool 
saturated  with  20  per  cent  cocaine  solution  is 
left  on  the  piles  for  ten  minutes ;  the  finger  is 
then  passed  up  the  bowel,  while  gentle  attempts 
are  made  by  pressure  with  the  other  hand  to 
empty  the  piles  of  blood.  If  this  fails  a  bladder 
of  ice  should  be  placed  over  the  part  for  one 
hour,  and  then  taxis  again  tried.  This  again 
failing,  apply  cocaine  ointment  and  make  no 
further  attempt  at  reduction.  If  the  piles 
have  been  down  for  some  time  and  are  inflamed 
or  even  sloughing,  and  cannot  be  returned, 
they  must  be  treated  with  ointment  and 
fomentations.  If  they  can  be  returned,  but 
immediately  prolapse  again,  the  same  treatment 
is  to  be  used.  It  causes  profuse  suppuration 
with  speedy  separation  of  the  sloughs.  Stimu- 
lants and  tonics  are  often  necessary  in  such 
cases.  In  pregnancy  piles  should  be  operated 
on  only  if  there  is  much  loss  of  blood  and  great 
suffering.  The  recumbent  position  is  to  be 
kept  longer  than  with  other  cases.  In  women 
the  subjects  of  uterine  displacement  this  must 
be  remedied  before  any  operation  for  piles. 
Complicated  cases  of  disease  of  rectum,  uterus, 
and  bladder  are  common  and  most  difficult  to 
remedy.  When  piles  are  causing  serious  loss 
of  blood  evei-y  day's  delay  in  operation  is  to  be 
deplored,  and  no  consideration  should  lead  to 
postponement  of  the  only  measure  which  can 
effectually  relieve  the  drain  upon  the  strength. 

Operations  for  Internal  Haemorrhoids. — 
Thiity-six  hours  before  operation,  two  pills  are 
to  be  given,  composed  of :  Pil.  hydrarg.  gr.  j., 
Pil.  col.  et  hyoscy.  gr.  iv.  When  the  piles 
are  venous,  and  in  some  plethoric  patients,  a 


longer  course  of  preparatory  treatment  is 
desirable ;  while  in  the  very  ansemic  less  drastic 
purges  are  better.  On  the  morning  of  operation 
an  enema  is  given.  The  patient  is  placed  upon 
the  right  side  at  the  edge  of  the  bed.  The 
assistant  stands  with  his  back  towards  the 
patient's  head,  raising  the  upper  buttock  with 
his  right  hand,  and  with  the  right  elbow  hooked 
over  the  patient's  pelvis,  thus  controlling  the 
position.  There  are  several  operations  from 
which  to  choose  in  treating  hsemorrhoids. 
Before  describing  that  by  ligature,  which  we 
recommend  in  the  vast  majority  of  cases,  we 
will  briefly  allude  to  others  which  may  in 
certain  cases  be  preferred. 

(1)  Excision  by  Knife  or  Scissors. — This 
must  only  be  done  when  the  piles  are  not  large, 
vascular,  or  numerous.  The  so-called  "  white 
pile,"  partially  prolapsed  mucous  membrane, 
and  the  single  perineal  pile,  so  frequently  found 
in  women,  are  conveniently  operated  upon  in 
this  way.  The  sphincters  are  first  gently,  but 
fully  dilated.  The  pile  is  seized  at  the  base 
by  a  vulsellum  and  cut  off.  The  vulsellum  is 
kept  in  place  till  any  spurting  vessels  have 
been  clipped  and  twisted ;  rarely  more  than 
two  require  attention.  When  bleeding  has 
ceased,  cotton-wool  soaked  in  solution  of  tannin 
and  water  (equal  parts)  is  placed  within  the 
anus  as  high  as  the  scissors  have  cut. 

(2)  The  ecraseur  formerly  often  used  has 
now  no  recommendation  in  operating  for  piles. 
Its  use  is  followed  by  intense  and  prolonged 
pain. 

(3)  Application  of  Strong  Acids. — This  must 
be  reserved  for  the  treatment  of  small  granular 
piles  or  patches  of  villous  bleeding  mucous 
membrane.  Eucaine  (4  per  cent)  is  applied, 
and  the  area  to  be  treated  surrounded  with 
wool  soaked  in  bicarbonate  of  soda.  The 
surface  is  then  dried  and  the  acid  applied 
several  times  with  a  small  wooden  brush.  The 
parts  are  then  washed,  oiled,  and  returned 
within  the  sphincters. 

(4)  Injection  of  Carbolic  Acid. — The  advan- 
tages of  this  method  are  that  confinement  in 
bed  is  not  necessary,  and  it  can  be  employed 
without  a  general  ansesthetic.  Its  great  draw- 
back is  that  it  is  far  more  dangerous  than  any 
other  method  of  operating.  Dangerous  hsemor- 
rhage,  embolism  of  the  liver,  and  many  deaths 
have  followed  injection.  The  injections  are 
made  with  a  hypodermic  syringe,  and  may 
have  to  be  repeated  after  a  fortnight.  Injection 
should  never  be  performed  when  there  are 
many  piles,  or  when  a  pile  is  one  which  cannot 
be  completely  returned  within  the  sphincters. 
Injection  may  stop  bleeding  and  diminish 
prolapse,  but  it  is  not  to  be  regarded  as  a 
cure. 

(5)  Cauterisation. — There  is  the  same  objec- 
tion to  this  as  to  the  injection  method.  A 
slough  or  inflammation  is  produced,  the  extent 
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of  which  is  beyond  control,  in  the  interior  of 
a  vascular  tumour  not  cut  off  from  the  general 
circulation.  The  cautery  must  be  used  only 
in  the  case  of  a  capillary  pile ;  the  point  is  to 
be  freely  applied  all  over  the  bleeding  area, 
but  not  to  penetrate  deeply  the  wall  of  the 
bowel.  There  is  no  advantage  in  employing  a 
galvanic  cautery.  Paquelin's  is  simple  and 
preferable. 

(6)  Removal  by  clamp  and  scissors,  bleeding 
being  arrested  by  the  heated  iron.  This  "  clamp 
and  cautery  "  operation  is  six  times  as  dangerous 
as  the  ligature,  leaves  great  pain,  and  a  greater 
likelihood  of  secondary  hcemorrhage,  and  there 
is  more  often  troublesome  subsequent  con- 
traction. 

(7)  Dilation  of  the  Sphincter  Muscles. — In 
some  cases  when  the  piles  on  protrusion  are 
tightly  gripped  by  the  sphincters,  become 
swollen,  and  perhaps  bleed  freely,  speedy  relief 
and  even  a  cure  may  result  from  mere  dilatation 
of  the  sphincters,  gently  but  fully  carried  out. 
The  method  is  of  little  value  in  other  cases 
unless  the  haemorrhoids  have  existed  only  a 
short  time.  The  operation  of  dilatation  is  of 
great  use  for  the  mere  relief  of  pain  in  cases 
where  for  any  reason  a  more  radical  proceeding 
is  to  be  avoided. 

(8)  Treatment  by  Crushing. — This  method 
is  better  than  the  "  clamp  and  cautery."  It 
may  be  used  when  the  piles  are  small  and  not 
more  than  three.  It  should  not  be  used  for 
inflamed  piles  nor  in  cases  of  ansemia.  The 
author's  screw-crusher  is  recommended  as  giving 
less  chance  of  recurrent  haemorrhage,  and 
details  of  the  operation  are  given  in  his  larger 
work.  The  operation  is  safe  in  chosen  cases, 
but  is  rarely  to  be  preferred  to  the  ligature. 

(9)  Whitehead's  Operation.  —  Theoretically, 
this  proceeding,  which  is  based  upon  complete 
removal  of  the  pile-bearing  area,  is  excellent. 
Practically  it  is  unnecessarily  extensive,  and 
one  of  the  worst  operations  for  piles.  Moreover, 
recurrence  is  more  likely  after  this  than  after 
operation  by  the  ligature,  and  the  proceeding 
requires  about  six  times  as  long  as  the  latter. 
Three  evil  results  that  have  frequently  followed 
this  operation  confirm  our  opinion  against  it — 

(a)  Anal  stricture. 

(b)  Loss  of  sensation  in  and  power  over  the 
anus. 

(c)  The  mucous  membrane,  stitched  down  to 
the  skin  around  the  anus,  adheres  outside  it. 
The  mucous  membrane  is  exposed  to  irritation, 
discharges  mucus,  and  bleeds.  We  do  not  give 
a  detailed  account  of  the  operation,  because  its 
performance  is  not  recommended. 

In  those  very  rare  cases  in  which  the  entire 
circumference  of  the  rectum  is  to  be  excised 
for  piles,  Mr.  Thelwall  Thomas's  modification  of 
Whitehead's  operation  is  the  quickest  and  safest 
operation.  The  chief  point  is  in  the  method 
of  suturing  the  bases  of  the  piles,  for  descrip- 
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tion  of  which  the  reader  is  referred  to  a  larger 
work  on  the  subject. 

(10)  Operation  by  Ligature.  —  This  is,  as 
above  stated,  in  our  opinion  the  safest  and  best 
operation  for  the  great  majority  of  cases  of 
haemorrhoids.  It  is  begun  by  complete  dilata- 
tion of  the  sphincters.  The  haemorrhoids  are 
drawn  down  one  by  one,  and  with  sharp  scissors 
separated  from  their  connection  with  the  muscu- 
lar and  submucous  tissues.  The  cut  is  made 
in  the  white  sulcus  where  skin  and  mucous 
membrane  meet,  and  carried  up  the  bowel 
parallel  to  its  axis  till  the  pile  is  left  connected 
by  an  isthmus  of  vessels  and  mucous  membrane 
only.  As  the  larger  vessels  come  from  above 
and  enter  the  pile  just  beneath  the  mucous 
membrane  they  are  unaffected  by  this  incision. 
A  strong  silk  ligature  is  placed  in  the  deep 
groove  now  made  and  tightly  tied  with  three 
knots,  while  the  assistant  draws  the  pile  well 
out.  If  the  pile  be  very  large  a  portion  may 
be  cut  off,  enough  being  left  to  guard  against 
the  slipping  of  the  ligature.  A  strip  of  wool 
saturated  with  iodoform  ointment  is  passed  into 
the  bowel,  and  a  pad  of  wool  over  the  anus 
firmly  secured  by  a  tight  T-bandage.  It  is 
most  important  when  there  are  many  piles, 
that  the  base  of  the  ligature  should  be  as 
narrow  as  is  consistent  with  non-division  of 
the  chief  arterial  supply  ;  otherwise  too  great 
a  narrowing  of  the  rectum  is  produced.  In 
5000  cases  of  this  operation  we  have  had  only 
5  fatal  results.  Other  surgeons  show  an  equally 
satisfactory  experience  of  the  procedure. 

After-treatment. — The  bowels  should  be  con- 
fined for  three  days.  A  hypodermic  injection 
of  morphia  is  given  just  after  operation,  and 
repeated  if  necessary  for  pain  during  the  first 
twenty-four  hours. 

In  very  bad  cases  and  in  delicate  persons  the 
bowels  should  not  be  allowed  to  act  for  even 
four  days  or  more.  Diet  should  be  light  and 
such  as  leaves  little  residue.  There  must  be 
no  alcohol,  and  complete  rest  in  bed.  When 
retention  of  urine  occurs  the  patient  should 
kneel  in  bed  with  warm  flannels  over  the  pubes. 
After  twenty-four  hours  the  pad  of  wool  is 
changed,  and  the  strip  inside  the  bowel  removed 
after  forty-eight.  A  pad  soaked  in  sanitas  is 
then  kept  applied.  On  the  third  night,  Pil. 
hydrarg.  gr.  ij.,  Pil.  col.  c.  hyoscy.  gr.  viij.,  are 
administered.  When  the  bowels  act  the  patient, 
unless  ansemic  or  ill,  may  get  out  of  bed.  There 
is  often  pain  and  a  little  blood  with  the  first 
motion.  If  there  is  much  straining  the  bowel 
is  to  be  examined  for  the  presence  of  hard  faeces, 
which  must  be  broken  up  with  the  finger,  an 
enema  of  warm  gruel  and  olive  oil  being  then 
given.  After  the  first  action  of  the  bowels 
fomentation  is  to  be  applied.  A  daily  action 
by  suitable  mild  laxatives  is  now  to  be  secured. 
The  wounds  are  dressed  daily  with  antiseptic 
lotions  or  ointments  suitable  to  the  condition 
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present.  A  weak  antiseptic  solution  is  syringed 
in  after  every  action  of  the  bowels.  The  dress- 
ing consists  of  a  small  strip  of  wool  for  each 
wound,  carrying  the  lotion  or  ointment  pre- 
scribed. After  the  first  week  the  finger  is 
passed  daily  to  make  sure  that  no  contraction 
results  The  patient  may  now  get  up  daily  to 
lie  for  a  few  hours  on  a  sofa.  He  must  not 
remain  long  in  the  erect  position,  for,  though 
convalescent,  his  wounds  are  not  yet  healed. 
Rest  must  be  insisted  upon  until  the  bowel  is 
felt  to  be  healed.  Ligatures  usually  separate 
about  the  eighth  day. 

The  following  conditions  are  often  found  in 
conjunction  with  hfemorrhoids  : — 

(1)  Fissure. — A  small  painful  ulcer  is  often 
present  in  cases  of  piles,  and  is  commonly  over- 
looked because  a  careful  examination  is  necessary 
to  find  it,  hidden  as  it  is  by  one  of  the  hjemor- 
rhoidal  tumours.  Pain  on  deftecation  or  long- 
after  the  bowels  have  acted  should  always  lead 
to  suspicion  of  fissure. 

(2)  Fistula  is  not  so  common  a  complica 
tion,  but  is  sometimes  pi'esent,  and  needs  care 
for  detection  if  it  be  of  the  blind  internal 
kind. 

(3)  Polypus  and  polypoid  growths  are  some- 
times found  with  piles.  They  must  be  removed 
at  the  operation,  or  they  may  prevent  healing 
of  the  wounds. 

(4)  Impaction  of  fteces  is  sometimes  found 
when  the  operation  for  piles  is  begun.  The 
mass  must  be  broken  up  and  washed  away 
before  the  surgeon  proceeds  further. 

(5)  Lax  Condition  of  Sphincters.  —  In  old 
persons  and  in  those  who  have  had  large  venous 
piles  for  a  long  time  this  conditiom  may  be  met. 
In  such  cases  it  is  not  advisable  to  perform  the 
preliminary  dilatation. 

(6)  Malignant  Disease. — In  examining  a  case 
of  hfemorrhoids,  the  surgeon  should  never  omit 
to  pass  his  finger  well  into  the  bowel  before 
withdrawing  it,  and  thus  be  sure  that  there  is 
no  stricture,  ulceration,  or  malignant  growth. 

Complications  that  may  follow  the  operation 
for  Hcemorrhoids — 

(1)  Loss  of  Power  in  the  Sphincters. — When 
large  piles  have  been  removed  a  sense  of  weak- 
ness and  loss  of  power  over  the  anus  may  be 
left.  The  piles  acted  as  a  plug,  and  at  the  same 
time  caused,  from  their  prolapsing,  a  weakening 
of  the  sphincters.  Moreover,  the  change  in  the 
mucous  membrane  effected  by  operation  brings 
about  a  dulness  of  appreciation  when  faeces 
approach  the  external  orifice.  Thus  the  patient 
may  be  unable  to  prevent  discharge  of  wind 
or  motion.  If  the  anus  is  bathed  night  and 
morning  with  cold  water,  and  an  ounce  of  some 
stimulating  lotion  be  daily  injected  into  the 
rectum,  the  proper  power  soon  returns. 

(2)  Impaction  of  Faeces. — Although  no  faeces 
may  be  seen  at  the  operation,  large  masses  may 
be  retained  in  the  large  intestines  in  any  case 


of  rectal  disease.  Delayed  healing  is  often  due 
to  such  descending  masses. 

(3)  Contraction  of  Anus. — This  is  especially 
likely  if  the  patient  is  allowed  to  get  up  too 
soon.  It  iisually  affects  the  mucous  membrane 
only,  and  is  cured  by  daily  passage  of  the  finger 
or  bougies.  In  rare  cases,  when  there  has  been 
long  healing,  or  where  extensive  removal  of  the 
wall  of  the  rectum  was  necessary,  a  tight  hour- 
glass contraction  is  found.  Constitutional  as 
well  as  mechanical  treatment  is  generally  neces- 
sary, as  such  a  condition  occurs  almost  only  in 
weak  and  unhealthy  subjects.  The  patients  are 
generally  women,  and  there  is  often  some  uterine 
condition  which  needs  care  to  permit  of  cure  of 
the  stricture  in  the  bowel. 

(4)  Abscess  and  fistula  should  be  looked  for 
when  suppuration  is  more  profuse  than  is  con- 
sistent with  the  healing  of  the  wound,  or  separa- 
tion of  sloughs. 

(5)  Bubo  or  pelvic  suppuration  may  arise  in 
delicate  patients. 

(6)  Haemorrhage  may  be  primary,  recurrent, 
or  secondary.  The  first  is  very  rare  if  the  opera- 
tion is  properly  done.  If  no  important  vessel 
can  be  discovered  bleeding,  a  little  subsulphate 
of  iron  wool  is  to  be  introduced  into  the  rectum, 
pressure  applied,  and  an  ice-bag  placed  over  the 
exposed  buttocks. 

Recurrent  haemorrhage  after  many  hours,  or 
even  a  day,  is  more  serious.  If  the  treatment 
just  described  does  not  stop  the  bleeding,  and 
especially  if  the  patient  feels  distended,  there  is 
probably  internal  haemorrhage.  Prompt  action 
is  necessary.  Remove  the  bandage,  pass  a  finger 
into  the  bowel,  and  tell  the  patient  to  bear 
down.  Dark  blood  and  clots  pour  out.  Syringe 
the  rectum  with  cold  water.  If  the  bleeding 
still  continues,  pass  the  finger  again  and  find 
the  spot  where  pressure  controls  the  haemor- 
rhage. Ether  is  now  to  be  administered,  the 
nurse  continuing  the  pressure  upon  the  bleeding 
spot,  if  another  medical  man  is  not  at  hand. 
When  the  patient  is  properly  anaesthetised  the 
nui'se  must  continue  the  administration  while 
the  surgeon  pulls  down  the  bowel  with  a  vul- 
sellum,  and  picks  up  the  bleeding  vessel.  If  it 
cannot  be  found  clips  must  be  left  on  the 
mucous  membrane  at  the  place  whei-e  pressure 
controls  the  loss.  If  this  too  is  ineffectual,  the 
bowel  is  to  be  plugged.  A  No.  12  gum-elastic 
catheter  with  the  end  cut  off  is  passed  up  the 
bowel  for  six  inches.  A  cone-shaped  sponge, 
with  strong  silk  ligature  passed  through  its 
apex,  is  passed  four  inches  up  the  bowel,  the 
two  ends  of  the  ligature  hanging  out.  Then  the 
whole  rectum  below  the  sponge  is  to  be  carefully 
packed  with  antiseptic  wool  or  gauze.  Now 
pull  the  sponge  downwards  by  the  ligature,  at 
the  same  time  pushing  the  stuffing  up.  In  this 
way  the  sponge  is  distended,  and  no  bleeding 
can  possibly  take  place.  The  plug  is  left  in 
about  one  week,  and  the  patient  kept  if  neces- 


RECTUM,  DISEASES  OF  THE 


483 


sary  under  the  influence  of  opium.  Wind  passes 
by  the  catheter. 

Secondary  hsemorrhage  may  come  on  at  the 
time  of  separation  of  the  sloughs.  It  generally 
occurs  only  in  elderly  subjects  of  broken-down 
constitutions.  Generally  the  tissues  are  too 
rotten  for  application  of  a  ligature.  Treatment 
as  just  described  must  at  once  be  instituted. 
Afterwards  the  buttock  and  lower  part  of  the 
bowels  are  to  be  kept  cool,  and  a  hot  bottle  put 
near  the  head  if  the  patient  is  faint.  Careful 
nourishment  and  after-treatment  are  needed. 
In  women,  hfemorrhage  from  the  rectum  may 
be  controlled  by  the  fingers  in  the  vagina, 
making  backward  pressure  against  the  sacrum. 

Procidentia  Recti. — Procidentia  and  prolapse 
are  often  confused.  Procidentia  is  a  descent  of 
the  whole  circumference  of  the  rectvim,  pro- 
lapsus is  a  protrusion  outside  the  anus  of  a 
portion  or  portions  of  the  mucous  membrane. 
Internal  hcemorrhoids,  when  they  come  outside 
the  anus,  are  said  to  be  prolapsed. 

Procidentia  may  take  place  in  three  ways  : — 

(1)  The  entire  circumference  of  the  mucous 
membrane,  or  all  the  coats  of  the  rectum,  appear 
outside  the  anus. 

(2)  The  upper  part  of  the  rectum  descends 
through  the  lower,  and  appears  externally. 

(3)  The  upper  part  of  the  rectum  descends 
through  the  lower  part,  but  does  not  appear 
outside. 

Constipation  is  usually  a  symptom  in  children, 
but  in  the  old  a  diarrhoea  with  discharge  of 
mucus  is  more  common.  In  old  and  bad  cases 
there  is  more  or  less  incontinence  of  fseces. 

In  the  third  variety  there  is  obstinate  con- 
stipation, a  sensation  of  burning  and  fulness 
with  tenesmus,  straining,  difficulty  in  defseca- 
tion,  and  occasional  discharges  of  blood  and 
mucus.  These  symptoms  should  lead  to  an 
examination  of  the  bowel  with  the  patient  stand- 
ing up.  The  finger  passing  up  close  to  the 
front  or  back  wall  of  the  bowel  meets  an  ob- 
struction, then,  slightly  withdrawn,  it  will  find 
in  the  centre  of  the  bowel  the  orifice  of  the  de- 
scending portion.  This  condition  occurs  chiefly 
in  the  old.  The  other  forms  of  procidentia  are 
most  common  in  children.  Reason  for  this  may 
be  found  in  the  length  of  the  mesentery,  though 
worms,  stone  in  the  bladder,  phimosis,  and 
polypus  recti  are  also  sometimes  to  blame. 
Occasionally  the  cause  is  indiscernible.  When 
a  large  portion  of  the  bowel  is  down  there  is 
much  difficulty  in  returning  it.  Gentle  taxis, 
and  pressing  up  a  large  flexible  bougie,  gener- 
ally succeed.  If  there  is  much  swelling,  rest 
must  be  enforced  with  the  buttocks  well  raised  ; 
after  a  few  days  the  mass  may  be  returned. 
Constant  application  of  ice  must  not  be  made, 
or  serious  sloughing  may  ensue.  With  children 
palliative  treatment  generally  succeeds  in 
curing  the  condition.  Any  source  of  irritation 
is   to   be   removed,  and  the   general  health 


attended  to.  Sitting  and  straining  at  stool  are 
forbidden,  the  motions  being  passed  while  the 
child  lies  at  the  edge  of  the  bed,  or  stands  up, 
one  buttock  being  drawn  aside  so  as  to  tighten 
the  anal  orifice.  Afterwards  the  protruded  part 
is  washed  with  cold  water,  and  thoroughly 
sponged  with  weak  carbolic  or  hamamelis.  The 
bowel  is  then  returned  by  gentle  pressure,  and 
the  child  kept  lying  upon  its  face  for  half  an 
hour.  Mild  measures  failing,  the  application  of 
strong  nitric  acid  is  the  best  remedy.  An 
anaesthetic  is  given,  and  the  protrusion  well 
dried.  The  acid  is  applied  all  over  it,  and  then 
after  being  oiled  the  parts  are  returned,  and  the 
rectum  stuffed  with  wool.  A  pad  is  applied 
outside  the  anus,  and  the  buttocks  are  strapped 
together.  The  bowels  are  confined  for  four 
days.  Then  castor  oil  is  given,  the  plug  comes 
away,  and  the  rectum  does  not  descend.  Some- 
times more  than  one  application  of  the  acid  is 
necessary. 

Procidentia  in  adults  is  cured  with  much 
greater  difficulty.  For  the  first  and  second 
varieties,  the  best  mode  of  treatment  is  free 
application  of  the  actual  cautery,  assisted,  if 
necessary,  by  opening  the  abdomen,  and  pulling 
up  the  gut  from  within.  For  the  third  variety, 
pulling  up  the  gut  from  within,  and  fixing  it  to 
the  abdominal  wall,  is  the  safest  and  best  mode 
of  treatment.  The  cautery  is  used  in  the 
following  manner : — 

The  patient  is  anaesthetised,  preferably  with 
ether ;  the  part,  if  not  quite  down,  is  drawn  fully 
out  of  the  anus  by  a  vulsellum.  With  the  iron 
cautery  at  a  dull  red  heat,  make  four  longi- 
tudinal stripes  from  the  base  to  the  apex  of  the 
procidentia,  taking  care  not  to  burn  so  deeply 
towards  the  apex  as  at  the  base.  If  the  proci- 
dentia is  very  large,  six  stripes  may  be  made. 
The  intestine  is  then  oiled  and  returned  within 
the  anus.  The  sphincters  are  partially  divided 
on  both  sides  of  the  anus  by  a  sawing  motion  of 
the  hot  iron,  and  a  small  portion  of  the  oiled 
wool  is  inserted.  The  patient  must  be  kept  in 
bed,  and  the  motions  passed  lying  down.  If 
the  wounds  are  not  healed  in  a  month  he  must 
continue  the  recumbent  position  for  another  two 
weeks,  by  which  time  it  rarely  happens  that  all 
are  not  healed.  After  he  is  up  and  about, 
motions  should  be  passed  lying  down. 

Polypus  Recti  and  Polypoid  Growths. — 
By  polypi  we  mean  pedunculated  growths 
attached  to  the  mucous  membrane  of  the 
rectum,  and  generally  situated  not  less  than  one 
inch  from  the  anus.  They  may  be  found  two 
inches  up  the  bowel,  but  rarely  more  than  that. 
Generally  they  grow  from  the  dorsal  portion  of 
the  rectum.    The  two  common  kinds  are — 

(1)  Mucous  or  Soft  Polypi. — These  are  small 
vascular  tumours  with  pedicle  often  two  inches 
long.  They  resemble  a  half-ripe  mulberry. 
These  polypi  may  bleed  very  freely.  They  are 
true  adenomata. 
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(2)  Fibrous  polypi,  which  originate  from  the 
submucous  connective  tissue.  These  may  be 
very  hard  and  have  pedicles  always  attached 
above  the  sphincters.  In  adults  polypi  are 
generally  neither  very  hard  nor  very  soft.  They 
are  sometimes  cystic. 

Symptoms. — In  children  there  is  frequent 
desire  to  go  to  stool,  tenesmus,  occasional  bleed- 
ing with  discharge  of  mucus,  and  a  fleshy  mass 
protrudes  when  the  bowels  are  acting.  When 
situated  high  up  polypi  may  be  dangerous  by 
causing  intussusception.  The  peduncle  is 
slender,  and  probably  polypi  are  at  times 
spontaneously  cured  by  separating  when  a  hard 
motion  is  passed.  In  adults  there  is  often  the 
history  that  without  previous  discomfort  a 
substance  is  discovered  to  protrude  when  the 
patient  is  at  stool.  This  is  characteristic. 
Until  the  peduncle  is  long  enough  to  allow  the 
polypus  to  be  protruded  or  grasped  by  the 
sphincters,  there  is  little  or  no  inconvenience, 
and  the  onset  of  the  disease  therefore  appears 
quite  sudden. 

This  is  different  from  the  history  of  a  case  of 
hfemorrhoids.  A  certain  diagnosis  is  made  by 
passing  the  finger  to  its  fullest  extent,  and 
sweeping  round  the  rectal  surface  as  it  is  with- 
drawn. The  disease  may  be  mistaken  for  in- 
ternal piles,  procidentia,  or  dysentery.  An 
examination  after  an  injection  will  decide 
against  the  first  two,  and  the  patient's  general 
condition  and  nature  of  his  motions  against 
the  last. 

The  only  treatment  to  be  recommended  is  re- 
moval of  the  growth.  The  peduncle  is  to  be 
seized  close  to  its  base  with  torsion  forceps,  and 
gently  twisted  till  the  polypus  comes  away. 
There  is  no  haemorrhage  or  pain,  and  no  neces- 
sity for  resting  more  than  one  day.  If  the 
polypus  be  large  it  should  be  drawn  down,  and 
a  threaded  needle  passed  through  a  small  piece 
of  the  mucous  membrane  at  the  base  of  the 
pedicle.  A  knot  is  tied,  and  the  pedicle  then 
surrounded  with  the  ligature  tightly  tied.  The 
polypus  is  then  cvit  off^  not  too  near  the  ligature. 
In  such  a  case  the  patient  is  to  be  kept  at  rest 
until  the  ligature  separates,  and  the  bowels  con- 
fined for  three  days.  Disseminated  polypi  con- 
stitute a  rare  disease  peculiar  to  certain  families, 
several  members  of  the  same  family  being 
affected.  The  symptoms  resemble  those  of  the 
soft  polypus  in  children.  The  treatment  is  of 
uncertain  result.  Attempts  to  relieve  by  means 
of  astringent  injections  are  futile,  and  the  most 
eflicient  treatment  is  to  dilate  the  sphincters, 
under  an  ansesthetic,  and  with  the  finger  and  a 
Volkmann's  spoon  to  scrape  away  the  polypi  as 
high  as  can  be  reached.  Tenesmus  and  rectal 
discomforts  are  relieved  in  this  way,  but  of 
course  the  polypi  situated  in  the  upper  part  of 
the  sigmoid  flexure  and  colon  are  unaffected,  so 
loose  motions  of  mucous  and  blood  continue. 
The  scraping  may  have  to  be  repeated.  There 


is  sharp  bleeding,  which  must  be  arrested  by  hot 
injections.  Complications  sometimes  arising 
from  polypus  are  abscess,  ulcer,  fissure,  and 
fistula.  If  with  history  of  polypus  none  can  be 
felt,  the  patient  must  be  examined  just  after  an 
administration  of  an  enema. 

Polypoid  yyowths  are  small  growths  not 
absolutely  pedunculated  protruding  from  the 
rectal  mucous  membrane.  They  rarely  come 
outside  the  anus.  There  are  two  kinds,  both  to 
be  distinguished  from  warts,  which  chiefly  affect 
the  outside  of  the  anus.  One  kind  are  little 
tags  of  mucous  membrane,  never  more  than 
one  inch  long,  generally  situated  on  a  small  pile, 
or  at  the  upper  part  of  a  fissure.  The  other 
kind  are  hard  and  nipple-like,  with  broad  base 
and  firm-pointed  apex.  They  are  composed  of 
dense  fibrous  tissue.  Discharge  of  mucus,  or 
a  moist  watery  condition  of  the  anus,  is  the 
symptom  for  which  such  growths  usually  lead 
patients  to  consultation.  Examination  with 
finger  and  speculum  reveals  these  growths,  which 
are  to  be  removed  with  the  scissors. 

Warts  around  the  anus  are  as  warts  elsewhere. 
They  are  best  removed  by  applying  fuming 
nitric  acid  to  each  individually,  and  scraping 
them  off,  applying  acid  again  to  their  bases. 

Pruritus  Ani  or  Painful  Itching. — This  is 
a  distressing  and  intractable  affection,  but  is 
always  curable  if  the  patient  will  patiently  and 
persistently  follow  out  treatment.  The  general 
causes  are  too  free  living,  hereditary  predisposi- 
tion, and  various  disorders,  of  which  gout  is  the 
most  frequent.  Particular  articles  of  diet  affect 
some  persons — lobster,  for  instance,  invariably 
causing  pruritus  in  certain  subjects.  Spirits, 
coffee,  and  excessive  smoking  often  excite  the 
complaint.  Occasionally  it  must  be  considered 
as  a  pure  neurosis.  Local  causes  are  constipa- 
tion, piles,  polypi,  fistula,  and  vaginal  discharges. 
The  itching  is  usually  worse  at  night,  but  in 
excitable  persons  often  comes  on  after  exercise, 
or  on  entering  a  warm  room. 

Usually  the  affected  part  shows  a  distinct 
rash,  or  is  dry,  rugose,  or  bright  red.  Some- 
times there  are  a  number  of  minute  scales 
forming  irregular  rings  upon  it.  The  most 
characteristic  appearance  is  loss  of  the  natural 
pigment  of  the  part.  General  treatment  must 
be  appropriate  to  the  cause,  and  is  of  the 
highest  importance.  Locally,  irritation  is  best 
relieved  by  strong  alkaline  solutions  frequently 
applied.  Light  diet,  exercise,  and  mineral 
waters  play  a  prominent  part  in  the  treatment 
of  most  cases,  and  nervous  people  require  seda- 
tives, sometimes  in  large  doses,  at  bedtime. 
Opium  is  to  be  avoided.  Ointments,  lotions, 
and  powders  may  have  to  be  tried,  and  before 
their  application  the  part  is  to  be  washed  with 
Castile  soap,  or  oatmeal  and  water.  In  obstinate, 
old-standing  cases  the  parts  should  be  rubbed 
with  solution  of  nitrate  of  silver,  40  grains  to 
the  ounce  of  water.    When  the  irritation  is  so 
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great  that  the  sufferer  is  worn  out  for  want  of 
rest,  a  bone  plug  may  be  inserted  into  the 
anus  at  night.  It  is  shaped  like  the  teat  of  a 
feeding-bottle,  and  has  a  circular  shield  to  pre- 
vent slipping.  In  some  cases,  when  there  is  no 
discoverable  cause,  benefit  accrues  from  dilating 
the  sphincters. 

Fissure  and  Painful  Irritable  Ulcer  of 
THE  Rectum. — This  small  affection  wears  out  a 
patient's  health  and  strength  in  a  remarkable 
manner,  if,  through  motives  of  delicacy,  for 
instance,  it  is  allowed  to  go  on  a  long  time. 
Yet  it  is  very  easily  cured.  Ulcer,  or  fissure, 
which  is  only  a  small  ulcer  in  a  particular  posi- 
tion, may  be  caused  by  constipation,  polypi, 
syphilis,  or  congenital  narrowness  of  the  anal 
orifice.  It  is  commonly  situated  along  the  in- 
ternal or  external  sphincter.  Ulcers  and  fissures 
vary  in  depth  and  size.  They  may  be  simple 
wounds,  or  inflamed,  callous,  indurated,  or  even 
with  a  sloughy  base.  The  most  usual  position 
is  dorsal.  Usually  the  patient  believes  himself 
to  have  piles,  complaining  of  discharge  of  blood 
and  matter,  and  swelling  and  pain  at  stool. 
The  pain  at  stool  may  be  excruciating,  leaving 
the  sufferer  to  postpone  action  of  the  bowels, 
and  thus  increasing  the  pain  eventually  pro- 
duced by  passage  of  hard,  desiccated  fseces. 
Often  pain  continues  long  after  a  motion,  and 
sometimes  does  not  begin  till  some  minutes 
after.  The  great  mobility  of  the  external 
sphincter,  and  its  free  and  easily  exposed  nerve- 
supply,  accoimt  for  the  severity  of  the  pain. 
Retention  of  urine,  pain  in  the  back,  and 
numbness  down  the  legs  may  be  caused  by 
fissure.  Examination  for  fissure  is  conducted 
in  the  manner  described  as  usually  to  be  adopted 
for  rectal  examination.  A  polypoid  growth  will 
often  be  seen  at  the  upper  part  of  the  fissure. 
A  speculum  may  be  needed  for  detection  of  an 
ulcer,  though  the  educated  finger  distinguishes 
the  spot  at  once,  for  it  feels  like  the  internal 
aperture  of  a  fistula,  but  with  harder  edges,  and 
without  elevation  above  the  level  of  the  mucous 
membrane.  In  children  and  young  persons, 
unless  a  polypus  or  polypoid  growth  is  present, 
cure  can  be  obtained  without  operation.  Rest, 
mild  laxatives,  mercurial  ointment,  and  cleanli- 
ness are  all  that  is  necessary.  After  action  of 
the  bowels  an  opiate  injection  is  to  be  used.  If 
there  is  great  spasm  of  the  sphincter,  belladonna 
ointment  is  to  be  smeared  around  the  anus  over 
the  sphincter.  When  a  fissure  is  anterior  or 
lateral,  it  can  be  cured  without  operation. 
When  it  is  dorsal,  and  there  is  no  spasm  or 
hypertrophy  of  sphincter,  it  can  also  be  so 
cured.  When  the  fissure  is  dorsal,  with  spasm 
or  hypertrophy  of  the  sphincter,  palliative 
treatment  is  not  enough.  Division,  or  very 
free  dilatation  of  the  sphincters,  is  then  neces- 
sary. The  external  sphincter  must  be  com- 
pletely divided,  the  internal  only  stretched. 
The  incision  shoidd  begin  a  little  above  the 


upper  end  of  the  fissure,  and  end  a  little  below 
the  outer  end.  Its  depth  should  be  not  less 
than  half  an  inch.  Polypoid  growths,  and 
swollen,  inflamed  skin,  if  present,  are  to  be 
removed  with  scissors.  A  small  piece  of  cotton- 
wool is  placed  in  the  wound  for  forty-eight 
hours,  and  the  patient  kept  in  bed  till  the 
wound  is  healed,  after-treatment  being  as  with 
fistula  cases.  Complete  dilatation  is  effected  by 
pressing  and  pulling  with  the  thumbs  till  the 
sphincters,  previously  hard,  feel  like  putty.  It 
takes  five  minutes  to  do  this  thoroughly.  All 
ulcers  about  the  internal  sphincter  are  best 
treated  by  incision ;  old,  large,  indurated 
fissures  also  require  this  treatment,  and  those 
complicated  by  piles  or  fistula.  Simple  fissures 
about  the  external  sphincter,  and  those  in  the 
old,  phthisical,  and  broken-down  in  health,  and 
in  childi'en,  if  the  operation  is  necessary,  should 
be  cured  by  dilatation. 

Neuralgia  and  Hysteria  op  the  Rectum. — 
This  term  is  applied  to  a  painful  condition  of 
rectum,  when  nothing  can  be  found  to  cause 
the  symptoms.  Many  slight  lesions  are  easily 
overlooked,  and  the  absence  of  these  must 
be  certainly  ascertained  before  any  case  is 
christened  neuralgia  or  hysteria. 

(1)  Very  slight  erosion  or  inflammation  of  a 
spot  in  the  rectum,  high  up  or  low  down,  may 
cause  great  pain,  and  yet  be  found  only  with 
utmost  difficulty. 

(2)  Fissures  and  irritable  ulcers  may  give 
rise  to  nervous  sensations,  even  after  they  have 
healed.  Perhaps  a  nerve  filament  is  implicated 
in  the  cicatrix.  When  no  local  cause  is  present 
the  symptoms  are — 

(a)  Reflex,  caused  by  lesion  elsewhere. 

(b)  Actual  neuralgia,  or  hysteria. 

These  cases  do  occur,  though  not  commonly. 
Sufferers  from  these  obscure  affections  are 
generally  healthy  people  with  no  other  trouble. 
They  complain  of  short,  stabbing  pain,  unrelated 
to  action  of  the  bowels,  with  no  apparent  cause, 
and  at  times  very  intense.  Others  have  a  sense 
of  fulness  and  burning,  unrelieved  by  purgation 
or  washing  ovit  the  bowel.  Others  are  fre- 
quently obliged  to  go  to  stool,  where  they  get 
no  relief,  while  others  are  burdened  with  a 
constant  sense  of  the  presence  of  the  rectum. 
In  such  cases,  when  the  most  careful  examina- 
tion reveals  no  local  or  distant  cause  for  the 
symptoms,  these  must  be  regarded  as  neuralgic 
or  hysterical.  Conditions  with  which  such 
symptoms  are  associated  are — 

(1)  Congestion  of  the  rectal  vessels. 

(2)  Uterine,  urinary  organ,  and  prostatic 
disease. 

(3)  Locomotor  ataxy. 

(4)  Mania. 

(5)  Epilepsy. 

When  none  of  these  exist,  and  there  is  no 
local  cause,  we  are  confronted  with  a  true 
neuralgic  or  else  a  hysterical  rectum.  Pos- 
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sibly  neuritis  of  rectal  nerves  may  explain  the 
pain. 

Persistent  Constipation. — The  surgical  as- 
pect of  this  complaint  may  here  be  appropriately 
considered : — 

(1)  Spasm  with  hypertrophy  of  sphincters  is 
not  at  all  an  uncommon  cause  of  persistent 
constipation.  It  may  be  first  induced  by  an 
attack  of  constipation,  which  it  then  itself 
renders  persistent.  The  original  attack  may 
arise  in  many  ways,  very  commonly  from 
irregularity  in  attending  to  action  of  the 
bowels.  The  rectum  and  colon  are  over-dis- 
tended, and  cannot  act  forcibly.  The  faeces 
become  hard  and  dry,  and  the  muscular  tissue 
of  the  bowel  weakened,  perhaps  poisoned. 
Straining,  with  little  or  no  result,  follows.  From 
this,  and  the  irritation  of  the  fseces,  spasm  and 
hypertrophy  mainly  result.  In  examining  such 
a  case  it  is  found  that  no  dilatation  of  the  anus 
follows  upon  the  patient's  bearing  down.  On 
introduction  of  the  finger  the  sphincters  are  felt 
to  be  tight  and  broad. 

(2)  Congenital  narrowness  of  the  anal  orifice  is 
another  important  cause  of  chronic  constipation. 

(3)  The  condition  may  result  from  atony 
combined  with  loss  of  muscular  sense. 

(4)  The  third  variety  of  procidentia  may  tend 
to  severe  constipation. 

(5)  Malformation  of  the  uterus  and  enlarge- 
ment of  the  prostate  may  be  the  cause,  or  the 
constipation  may  be  a  reflex  result  of  renal 
calculus. 

(6)  Irreducible  hernia. 

Treatment.— As,  an  adjunct  to  all  methods  of 
treatment  a  copious  enema  is  to  be  given ;  a 
tube  should  be  used  not  shorter  than  six  inches, 
with  a  calibre  not  less  than  one-third  of  an  inch, 
and  open  at  the  top.  In  bad  cases  a  much 
longer  tube  is  to  be  employed.  To  pass  this 
the  left  forefinger  is  introduced  into  the  rectum, 
and  the  tube  slid  along  it  beyond  the  pro- 
montory into  the  sigmoid  flexure.  Now  inject 
water,  simultaneously  pushing  the  tube  up  the 
bowel.  As  much  water  is  to  be  injected  as  can 
be  borne  without  pain.  In  such  cases  forcible 
dilatation  of  the  anus  is  often  necessary  for  a 
cure,  or  in  less  severe  cases  daily  passage  of 
bougies  in  increasing  size.  For  the  congenital 
cases  forcible  dilatation  or  division  of  the 
sphincters,  followed  by  daily  use  of  bougies,  is 
the  only  satisfactory  treatment.  In  the  old  or 
feeble  a  sj^stematic  course  of  galvanism,  one 
pole  in  the  rectum,  and  the  other  moved  about 
over  the  surface  of  the  abdomen,  is  to  be  re- 
commended. Massage  is  useful.  When  the 
subject  of  constipation  has  a  lax  and  pendulous 
abdomen  a  suitable  belt  materially  assists  in 
curing  the  complaint.  Glycerine  injections  are 
of  service  only  so  long  as  they  act  as  a  local 
irritant.  When  the  rectum  becomes  accustomed 
to  them  they  are  of  no  more  service  than  warm 
water. 


Impaction  and  Concretions. — These  may 
follow  a  single  attack  of  constipation.  Their 
presence  is  generally  marked  by  the  occurrence 
of  diarrhoea.  The  cause  is  nearly  always  loss  of 
power  in  the  muscular  coat  of  the  rectum.  The 
accumulation  takes  place  in  the  pouch  just 
above  the  internal  sphincter.  There  is  always 
spasm  of  the  sphincter.  The  symptoms  are 
obscure,  and  the  malady  often  misinterpreted. 
A  common  error  is  to  treat  the  patient  for 
diarrhoea  with  tenesmus.  Severe  pains  may  be 
experienced  in  the  right  lumbar  and  left  in- 
guinal regions.  Dyspepsia,  irritability  of 
temper,  nervousness,  and  despondency,  morning 
vomiting,  distaste  for  food,  thirst,  and  frequent 
liquid  motions  without  relief,  are  common 
symptoms  of  impaction.  On  palpating  the 
abdomen  tumours  may  be  felt  in  the  transverse 
colon  or  sigmoid  flexure.  The  anus  is  nipple- 
shaped,  and  the  sphincters  are  tightly  con- 
tracted, whilst  the  finger,  introduced  with 
difficulty,  meets  a  ball  of  hardened  clayey  faeces. 
When  the  tumour  is  high  up  careful  palpation 
proves  it  to  diff"er  in  size  and  shape  at  diff"erent 
times,  and  to  be  irregularly  soft  with  a  doughy 
feeling. 

Treatment. — This  is  begun  by  thoroughly 
breaking  up  the  ball  of  faeces.  An  anaesthetic 
is  necessary,  for  the  sphincters  are  to  be  dilated, 
and  the  mass  broken  up  with  a  lithotomy  scoop. 
Injection  of  soap  and  water,  oil,  and  fresh  ox- 
gall will  then  fetch  away  enormous  quantities 
of  faeces.  Care  is  required  that  no  reaccumul- 
ation  takes  place,  as  it  is  a  considerable  time 
before  the  rectum  recovers  power  after  great 
distension. 

Concretions  in  the  bowel  are  rarer  than 
impactions,  and  when  they  exist  often  give  rise 
to  the  latter.  They  are  usually  formed  round 
some  foreign  body,  and  are  cylindrical  in  shape. 
They  consist  of  animal  and  vegetable  fibres 
matted  round  a  central  nucleus,  which  may  be 
of  various  material.  Concretions  must  be  re- 
moved after  dilatation  of  the  sphincters  under 
an  anaesthetic ;  they  are  too  tenacious  to  be 
broken  up  like  an  impaction. 

Ulceration  of  the  Rectum. — Ulceration 
extending  above,  or  entirely  situated  above,  the 
internal  sphincter  is  not  very  uncommon.  In 
the  early  stages  it  is  amenable  to  treatment, 
but,  unfortunately,  this  is  rarely  ofl'ered,  the 
symptoms  being  obscure  and  insidious,  and  the 
suffering  at  first  so  slight  that  the  patient 
deceives  himself.    The  chief  varieties  are — 

(1)  Tubercular. 

(2)  Dysenteric. 

(3)  Syphilitic. 

(4)  Traumatic. 

In  most  cases  the  history  alone  indicates  the 
nature  of  the  ulceration,  and  too  much  reliance 
must  not  be  placed  upon  its  character  to  the 
touch. 

Symptoms. — The  earliest  is  morning  diarrhoea 


RECTUM,  DISEASES  OF  THE 


487 


of  a  pemiliar  character.  The  patient  on  rising 
immediately  feels  urgent  desire  to  go  to  stool. 
Wind,  a  little  loose  motion,  and  some  discharge 
are  passed.  The  last  resembles  "  coffee 
grounds,"  or  is  like  white  of  egg,  or  is  more 
rarely  pus.  The  patient  has  tenesmus,  is  not 
relieved,  and  before  long  again  has  to  seek  the 
closet.  This  time  lumpy  motions  smeared  with 
blood  are  probably  passed.  After  breakfast 
probably  the  bowels  act  again,  and  he  is  then 
fairly  comfortable  for  the  day,  only  an 
occasional  disagreeable  sensation  reminding  him 
that  there  is  something  wrong  with  the  bowel. 
Mucus  or  muco-pus  may  exude  from  the  anus. 
After  some  months  there  is  burning  pain  after 
an  evacuation,  and  increase  in  the  discharge, 
which  is  more  largely  pus.  The  pain  is  induced 
by  walking  and  standing.  Diarrhoea  appears 
now  in  the  evening  as  well  as  in  the  morning, 
and  the  health  begins  to  suffer.  Anomalous 
pains  are  felt  in  the  back,  hips,  legs,  and 
perhaps  penis.  Alternating  attacks  of  diarrhoea 
and  constipation  may  now  occur,  and  the 
diarrhoea  is  alternated  with  severe  colicky  pain, 
faintness,  or  sickness.  Attacks  of  a  low  form 
of  peritonitis  occur.  There  is  tympanitis  and 
tenderness  on  pressiire  at  one  or  more  spots  on 
the  abdomen. 

Examining  such  a  case  per  rectum,  the  con- 
dition found  varies  according  to  the  stage  of  the 
disease.  Early,  ulcers  may  be  felt  within  two 
inches  from  the  anus,  with  raised  hard  edge, 
painful,  and  readily  bleeding.  Then  there  may 
be  lumps,  either  gumrnata  or  enlarged  glands. 
In  this  stage  the  disease  is  often  curable.  Later 
there  is  great  thickness  of  mucous  membrane, 
and  outside  the  anus  are  swollen  tender  flaps  of 
skin.  So  definite  is  the  outside  appearance  in 
advanced  cases  that  one  glance  tells  an  expert 
the  presence  of  cancer  or  severe  ulceration. 
Stricture,  and  probably  fistula,  are  now  present. 
Perforation  into  the  bladder,  vagina,  or  peri- 
toneum may  take  place.  The  patient's  state 
resembles  that  of  a  sufferer  from  malignant 
disease,  and  no  remedy  short  of  colotomy  offers 
much  chance  of  even  temporarily  prolonging 
life.    Relief  is  possible,  but  cure  scarcely. 

Palliative  Treatment. — Rest  in  the  recumbent 
position  and  a  fluid  diet,  consisting  mainly  of 
milk,  vastly  improve  these  patients.  Locally, 
various  sedative  and  astringent  ointments  are  to 
be  used.  Dysenteric  cases  are  treated  with 
large  doses  of  pulv.  ipecac,  co.  in  addition,  and 
injections  of  silver  nitrate  20-40  grs.  to  three 
pints  of  water.  Syphilitic  subjects  require  a 
thorough  course  of  mercury  if  seen  early.  In 
all  bad  cases  inguinal  colotomy  is  the  best 
means  of  relief. 

Stricture  of  the  Rectum. — All  the  different 
kinds  of  ulceration  may  result  in  stricture ; 
ulceration  with  stricture  also  results  from  im- 
proper operations  upon  the  rectum.  Stricture 
without  ulceration  is  somewhat  uncommon.  It 


may  result  from  chronic  inflammation  caused 
by  repeated  passage  of  hard,  dry  faeces.  It  has 
been  seen  after  frequent,  perhaps  rough  use  of 
an  enema  tube.  Bruising  of  the  bowel  after  a 
long  delivery  has  sometimes  appeared  to  be  the 
cause,  and  in  other  cases  there  is  no  apparent 
explanation  of  the  causation  of  chronic  inflam- 
mation which  seems  to  have  gone  on  in  the  wall 
of  the  bowel.  Rarely  in  young  persons  there  is 
congenital  narrowness  of  the  lower  part  of  the 
rectum.  Any  hard  tumour  in  the  pelvis  may 
press  upon  the  rectum  and  give  rise  to  stricture. 
The  symptoms  of  stricture  are  straining  and 
difficulty  in  discharging  the  motions,  which  con- 
sist of  numerous  small,  broken  pieces.  There  is 
rarely  pain  in  the  bowel  itself,  but  this  may 
be  felt  in  the  penis,  perineum,  sacrum,  thighs, 
buttocks,  and  stomach.  Strictures  are  generally 
within  reach  and  sight.  When  not  so,  the 
rectum  must  be  explored  with  vulcanite  balls 
of  different  size  mounted  on  pewter  stems. 

Treatment. — When  ulceration  is  present  this 
must  be  treated  as  described,  but  the  stricture 
is  also  to  be  dealt  with.  Slight  cases  are 
treated  with  bougies,  the  passage  of  which  must 
never  be  left  to  the  patient,  as  deaths  have 
occurred  from  passing  the  instrument  through 
the  wall  of  the  bowel.  Occasionally,  the  stricture 
being  within  two  inches  of  the  anus,  a  short 
vulcanite  tube  may  be  worn  at  night.  Annular 
strictures  near  the  anus  should  be  divided  in  a 
few  places  with  the  knife,  treatment  with  tubes 
following.  The  incisions  go  through  the  in- 
duration, reaching,  but  not  dividing,  the  healthy 
tissue  beneath.  Well-oiled  wool  is  inserted  for 
twenty-four  hours,  and  then  the  tube  introduced 
and  worn,  except  when  the  bowels  act  or  the 
rectum  is  washed  out.  Strictures  are  very  apt 
to  return.  Patients  must  be  warned  never  to 
go  long  without  having  a  bougie  passed.  In 
cases  of  bad  ulceration,  stricture,  and  fistula, 
linear  rectotomy  is  the  only  treatment  of  use. 
The  stricture  is  divided  with  the  knife  from  its 
upper  edge  down  to  the  coccyx,  and  through  its 
entire  depth.  A  finger  is  passed  through  the 
stricture,  and  a  long,  straight  knife  along  the 
finger.  If  the  incision  is  kept  in  the  middle 
line  bleeding  is  trifling  only.  The  wound  is  to 
be  well  syringed  and  the  parts  kept  perfectly 
clean.  Dry  absorbent  wool  is  the  best  dressing. 
When  incurable,  nothing  affords  relief  to  these 
cases  except  colotomy.  For  all  questions  con- 
cerning this  operation  see  "Colotomy,"  vol.  ii. 
p.  187.  To  sum  up  the  treatment  of  strictures 
of  the  rectum  : — 

(1)  Simple  strictures  are  treated  by  gradual 
dilatations  with  bougies  ;  if  they  are  very 
resilient,  incisions  must  be  made  through  the 
strictures. 

(2)  Strictures  complicated  by  ulceration  may 
be  first  treated  by  bougies,  but  this  failing, 
linear  rectotomy  is  to  be  employed. 

(3)  Severe  cases  continued  with  fistula  and 
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ulceration  require  colotomy  if  linear  rectotomy 
fails  to  cure. 

Half  the  cases  of  stricture  with  ulceration  are 
syphilitic.  If  tertiary  they  are  incurable. 
Thoroughly  treated  with  drugs,  scraping,  etc., 
in  an  earlier  stage,  a  favourable  result  may  be 
procured.  The  next  in  order  of  frequency  are 
the  dysenteric,  and  lastly  the  tubercular.  When 
the  tubercle  is  local  only,  good  results  from 
inguinal  colotomy  and  treatment  of  the  ulcera- 
tion. The  traumatic  cases  are  generally  curable 
by  the  means  above  desci'ibed. 

It  is  often  stated  that  according  to  the  posi- 
tion and  character  of  ulceration  the  nature  of 
the  disease  can  be  diagnosed.  Really,  all  dis- 
eases causing  stricture  and  ulceration  may  affect 
any  part  of  the  rectum,  and  the  only  rules  that 
may  be  formulated,  and  they  are  often  broken, 
are  these  : — 

(1)  In  syphilitic  cases  there  is  ulceration  and 
stricture,  a  good  deal  of  stricture  being  present 
with  the  ulceration. 

(2)  In  dysenteric  cases  there  is  much  ulcera- 
tion, with  some  tendency  to  stricture. 

(3)  In  tubercular  cases  there  is  much  ulcera- 
tion, rarely  with  stricture. 

(4)  In  traumatic  cases  there  may  be  stricture 
with  little  or  no  ulceration.  On  the  other  hand, 
there  may  be  ulceration  with  no  stricture. 

Complete  excision  of  stricture  of  the  rectum 
has  been  practised.  We  consider  the  operation 
unjustifiable. 

Cancer  op  the  Rectum. — The  causation  of 
this  disease  is  unknown,  and  the  part  which 
heredity  plays  is  matter  of  dispute.  Middle  age 
is  the  commonest  time  of  life  for  its  appearance, 
but  the  very  old  may  be  affected,  and  we  have 
seen  it  at  thirteen  years  of  age.  More  men 
than  women  are  attacked. 

Columnar-celled  carcinoma  is  the  common 
and  typical  form.  Sarcomata  do  occur,  and 
epithelioma  is  found  at  the  anal  margin.  Scir- 
rhus,  encephaloid,  and  colloid  are  the  varying 
conditions  of  carcinoma.  Carcinoma  of  the 
rectum  is — 

(1)  Laminar,  the  wall  of  the  bowel  being 
thickened  between  its  mucous  and  muscular 
coats  by  growths  spreading  laterally. 

(2)  Tuberous,  the  growth  projecting  into  the 
bowel. 

(3)  Annular,  the  growth  commencing  between 
the  muscular  and  mucous  coats,  and  spreading 
round  the  entire  circumference  of  the  rectum. 

Cancer  of  the  rectum  feels  sometimes  as 
though  it  had  a  pedicle.  This  is  because  it 
drag  s  upon  the  mucous  membrane.  At  other 
times  it  feels  like  an  ulcer  surroimded  by 
nodular,  irregular  edges,  or,  high  up  in  the 
bowel,  it  may  be  felt  as  a  hard  growth,  fixed  or 
movable,  combined  with  ulceration,  and  more 
or  less  completely  embracing  the  circumference 
of  the  tube. 

Symptoms. — There  are  some  signs  which  are 


practically  certain  indications  of  cancer.  The 
peculiar  odour  of  the  discharge  cannot  be  mis- 
taken by  the  experienced,  and  the  continuous 
pain  and  the  feel  of  the  growths  are  unlike 
those  caused  by  other  rectal  disorders.  The 
waxen  aspect  of  face  occurs  earlier  in  malignant 
disease  of  the  rectum  than  with  cancer  else- 
where, but  in  some  patients  the  appearance  of 
vigorous  health  lasts  till  the  disease  is  far  ad- 
vanced. 

Treatment. — In  considering  the  proper  treat- 
ment to  be  adopted  for  these  cases,  which  gener- 
ally means  settling  the  question  between  ex- 
cision of  rectum,  colotomy,  and  no  operation  at 
all,  the  chief  points  of  guidance  are — 

(1)  Age  of  the  patient. 

(2)  Position  and  extent  of  growth. 

(3)  Nature  of  symptoms,  viz.  obstruction  of 
bowels,  hsemorrhage,  or  pain. 

If  the  patient's  age  is  not  over  forty-five  ex- 
cision is  very  rarely  of  advantage.  The  disease 
almost  always  returns  in  such  subjects,  even 
before  the  wounds  are  healed,  and  it  is  in  only 
very  exceptional  instances  that,  on  repeatedly 
removing  recurrences,  the  disease  at  last  ceases 
to  appear.  Colotomy  prolongs  life  for  a  very 
short  period  in  this  class  of  case,  and  palliative 
treatment  is  generally  the  proper  course.  In 
persons  between  forty-five  and  sixty  years  of 
age  excision  is  most  favourable,  and  should  be 
attempted  when  the  growth  is  well  within  the 
lower  part  of  the  rectum.  If  it  is  high,  colo- 
tomy must  be  performed,  but  not  until  obstruc- 
tive symptoms  are  marked  and  unrelieved  by 
medicine. 

For  patients  above  sixty  excision  is  very 
suitable  in  cases  where  there  is  a  fair  chance 
of  removing  the  whole  growth.  Colotomy 
is  to  be  employed  under  the  conditions  just 
mentioned.  As  regards  position  the  growth  may 
be— 

(1)  Near  the  anus,  healthy  mucous  membrane 
being  felt  above  it. 

(2)  Higher  up,  but  easily  felt  and  moved, 
although  its  upper  limit  is  not  readily  definable. 

(3)  At  the  junction  with  the  sigmoid,  only 
just  palpable  by  the  finger. 

In  the  first  case  the  growth  should  be  freely 
excised,  in  the  second  Kraske's  operation  per- 
formed, if  the  patient  agrees  on  understanding 
its  nature  and  risks,  and  in  the  third  colotomy 
is  to  be  done  when  the  symptoms  warrant  it. 
We  do  not  believe  that  rapidity  of  growth  is 
lessened  by  a  colotomy  which  diverts  fseces 
from  the  cancer;  many  persons  by  judicious 
palliative  treatment  have  had  life  as  long  pro- 
longed as  by  an  eai-ly  colotomy.  When,  how- 
ever, obstruction  is  once  marked  colotomy 
should  not  be  delayed,  and  the  operation  may 
be  needed  to  check  constant  spurious  diarrhoea, 
pain,  and  hemorrhage.  Palliative  treatment  is 
employed  in  cases  where  excision  is  out  of  the 
question  and  colotomy  not  yet  required.  Rest, 
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easily  digested  nourishing  diet,  alcohol,  and 
sedatives  are  its  chief  features.  Mild  operative 
measures,  as  division  of  the  sphincters,  or  scrap- 
ing away  growth  with  a  scoop,  are  sometimes  of 
assistance.  They  are  used,  of  course,  only  as 
palliative  measures,  excision  and  colotomy  being 
the  only  effectual  methods  of  removing  the  pain 
from  cancer  of  the  rectum. 

Excision  of  the  Rectum. — The  operation  is 
not  desirable — 

(1)  If  adhesions  exist  between  the  growth 
and  the  sacrum,  base  of  bladder,  prostate,  or 
cervix  uteri. 

(2)  If  enlarged  glands  are  present  in  inguinal 
or  lumbar  regions. 

(3)  If  the  patient  is  already  so  exhausted  by 
the  disease  that  the  necessary  loss  of  blood  is  a 
serious  risk. 

Excision  of  the  rectum  is  on  the  whole  an 
operation  with  very  unfavourable  prognosis,  yet 
when  the  patient  is  seen  early  enough  to  make 
entire  removal  seem  possible,  he  should  be  given 
the  chance. 

Kraske's  method  should  always  be  adopted, 
except  when  the  growth  is  at  the  anus,  or 
limited  to  the  neighbourhood  of  the  sphincters ; 
then  the  perineal  operation  is  advisable.  An 
incision  is  made  in  the  mid  line  of  the  sacrum, 
beginning  at  the  second  vertebra  and  reaching 
the  anus.  The  soft  parts  are  divided  to  the 
bone  and  stripped  off  sacrum  and  coccyx.  The 
latter  is  dissected  out,  and  if  more  room  is 
needed,  the  lower  part  of  the  former  cut  away 
with  bone  forceps.  The  posterior  surface  of 
the  rectum  is  carefully  separated,  and  with  the 
finger  its  lateral  and  anterior  surfaces  also 
freed.  If  there  is  difficulty  the  bowel  should 
be  cut  across  before  it  is  separated  anteriorly. 
If  the  disease  is  low  the  circumferential  cut  is 
made  above  it,  otherwise  below  it.  The  division 
is  made  with  scissors,  and  vessels  are  clipped  as 
they  are  cut.  The  growth  is  then  cut  away 
and  the  divided  bowel  thus  dealt  \vith — 

(1)  The  upper  end  is  fixed  into  the  upper 
angle  of  the  wound,  or 

(2)  An  end  to  end  junction  of  intestinal  and 
anal  portions  made,  or 

(3)  The  upper  end  is  brought  down  and  fixed 
to  the  anus. 

The  first  method  is  usually  most  suitable.  If 
the  peritoneum  is  opened  on  removing  the  growth 
it  is  to  be  closed  with  silk  or  catgut  sutures. 

The  perineal  operation  is  only  performed 
when  the  disease  is  limited  to  neighbourhood 
of  sphincters  and  anus.  A  deep  dorsal  incision 
is  the  key  to  the  operation.  In  operating  on 
the  male,  a  silver  catheter  is  to  be  passed  into 
the  bladder  and  held  hooked  up  under  the  pubic 
arch  by  an  assistant.  The  lithotomy  position 
must  be  used.  On  the  finger  pass  a  bistoury 
into  the  rectum  as  far  as  the  upper  limit  of  the 
growth,  and  make  it  cut  right  down  on  to  the 
sacrum  and  tip  of  coccyx.    We  modify  this 


usual  procedure  by  piercing  the  skin  a  little 
below  the  anus  with  a  shai-p-pointed  bistoury, 
which  is  made  to  travel  entirely  outside  the 
rectum  in  the  cellular  tissue  up  to  the  top  of 
the  growth.  Then  cut  down  to  the  sacrum  and 
press  in  a  sponge  to  arrest  bleeding.  Now 
with  a  scalpel  cut  deeply  round  the  anus. 
Then,  with  finger  in  the  rectum  and  thumb  in 
the  cut,  one  blade  of  a  long,  blunt-pointed  pair 
of  scissors  is  pushed  into  the  posterior  cut,  and 
the  other  into  the  cellular  tissue  of  the  ischio- 
rectal fossa.  The  cellular  tissue  between  the 
blades  is  cut  through,  and  the  proceeding  re- 
peated on  the  other  side.  Sponges  are  put  into 
the  incisions  on  each  side,  and  the  outer  parts 
separated  from  the  bowel  by  broad  retractors. 
We  next  turn  to  the  perineal  part.  The  rectum 
is  separated  by  scissors  from  the  tissues  around 
to  one  inch  above  the  growth.  The  scissors 
being  kept  against  the  thumb  nail,  and  the 
finger  still  inside  the  bowel,  there  is  no  risk  of 
cutting  into  urethra,  bladder,  or  rectum.  The 
sponges  are  now  taken  out,  and  two  large  pairs 
of  pressure  forceps  applied,  one  to  each  side  of 
the  freed  gut.  Some  short  ligatures  are  tied 
tightly  beyond  the  clips  as  these  are  slowly 
loosened,  and  the  rectum  divided  distally.  The 
rectum  may  be  easily  removed  in  this  way  in 
ten  minutes.  A  strip  of  wool  is  passed  along 
the  finger  into  the  bowel,  the  cavity  from  which 
the  rectum  was  removed  is  stuffed  with  anti- 
septic wool,  and  a  T-bandage  is  tightly  applied. 
In  women  the  assistant's  finger  should  be  in 
the  vagina  to  ensure  against  the  surgeon  cutting 
too  near  to  its  mucous  membrane.  There  is 
little  bleeding  if  the  operation  is  quickly  done, 
and  not  dividing  the  bowel  when  making  the 
dorsal  incision  ensures  greater  speed,  for  the 
finger  in  the  gut  and  the  thumb  outside  make 
rapid  cutting  safe  and  easy.  The  wool  is  to  be 
removed  day  by  day,  that  in  the  bowel  being 
taken  out  not  later  than  the  fourth  day.  On 
this  day  castor  oil  is  given,  and  the  bowels 
then  kept  acting  every  other  day.  Later,  till 
the  parts  are  healed,  a  finger  or  bougie  is 
passed  daily.  When  all  is  healed  a  bougie  is 
passed  once  a  week  for  several  months.  When- 
ever it  is  possible  we  leave,  at  the  operation,  a 
healthy  strip  of  mucous  membrane.  Excision  of 
the  rectum  has  sometimes  to  be  combined  with 
colotomy.  Sometimes  colotomy  is  needed  after 
excision,  because  the  rectum  durins;  healinor 
shows  a  tendency  to  troublesome  contraction ; 
in  other  cases  the  colotomy  has  been  done  first 
to  permit  of  freer  subsequent  excision. 

After  complete  excision,  unless  Kraske's 
method  is  completed  in  the  second  and  third 
ways  mentioned,  there  is  incontinence  of  flatus 
and  fseces.  After  partial  excision  there  is  no 
more  loss  of  power  than  after  operation  for 
severe  fistula.  The  operation  of  colotomy  is 
not  here  described,  as  full  details  are  given  in 
the  author's  article  on  that  subject. 
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Lupoid  and  Rodent  Ulceration  of  Anus  and 
Ebctum. — Lupoid  ulcer  of  the  rectum  differs  from 
the  same  malady  on  the  face  by  being  terribly 
painful  and  much  less  curable.  The  disease  is 
happily  uncommon.  In  its  early  stages  lupoid 
ulcer  resembles  a  syphilitic  sore  or  a  rodent 
ulcer.  It  is  distinguished  from  syphilitic  and 
epitheliomatous  aflfections  by  these  peculi- 
arities : — 

( 1 )  It  does  not  invade  neighbouring  organs, 
contaminate  lymphatics,  produce  hardness,  nor 
form  secondary  deposits. 

(2)  It  does  not  lead  to  stricture  of  the  rectum 
or  any  submucous  thickening.  Its  shape  is 
irregular,  neither  edge  nor  base  is  at  all  hard, 
and  the  mucous  membrane  around  is  abruptly 
healthy.  It  destroys  completely  as  far  as  it 
extends,  and  it  tends  to  spread  superficially, 
and  upon  mucous  membrane  rather  than  upon 
skin.  It  often  remains  stationary,  or  repair 
may  even  proceed  rapidly  only  to  be  suddenly 
and  rapidly  replaced  by  the  original  condition. 
The  subjects  of  lupoid  ulcer  are  almost  always 
tuberculous,  and  phthisis  is  generally  the  cause 
of  death.  Tubercle  bacilli  have  been  found  in 
the  ulcer.  The  sore  is  to  be  thoroughly  scraped 
away  with  Volkmann's  spoon,  but  benefit  is  only 
temporary.  Colotomy  has  been  followed  by 
great  improA'ement  in  the  condition  of  the  ulcer. 

Rodent  Ulcer. — Sufferers  from  this  com- 
plaint are  rarely  under  fifty  years  of  age,  and 
usually  look  ruddy  and  well.  The  ulcer 
resembles  that  last  described,  except  for  its 
hard,  well-defined  edges  and  hard  base.  The 
surface  is  generally  red  and  dry.  Free  excision 
is  the  only  useful  treatment. 

Villous  Tumour  of  the  Rectum. — This  is 
a  rare  disease.  The  growth  is  just  similar  to 
that  of  the  same  name  found  in  the  bladder. 
It  is  attached  to  the  bowel  by  a  broad  base, 
and  the  peduncle  may  be  as  long  as  three 
inches.  Usually  the  appearance  of  having  a 
pedicle  is  due  to  the  tumour  weighing  down 
the  mucous  membrane.  Generally  the  tumour 
springs  from  the  posterior  wall.  The  symptoms 
are  : — 

(1)  Descent  of  the  tumour  on  the  bowels 
acting,  or  even  merely  on  walking. 

(2)  Discharge  of  glairy  mucus. 

(3)  Haemorrhage. 

The  patient  is  usually  of  advanced  years. 
In  some  cases  epithelioma  has  replaced  the 
removed  growth.  The  growths  are  sometimes 
spontaneously  shed.  They  may  attain  to  a 
large  size. 

Coccygeal  Pain.^ — Severe  pain  in  female 
patients  is  sometimes  due  to  tubercular  or 
rheumatoid  arthritic  disease  of  the  sacro- 
coccygeal joint,  or  to  osteitis  of  the  coccyx 
itself.  In  other  cases  it  is  owing  to  adhesion 
in  the  joint  following  injury.  The  cases  are 
intractable,  and  sometimes  only  cured  by 
removal  of  the  coccyx, 


Proctitis  occurs  in  a  chronic  and  an  acute 
form.  The  former  appears  in  old  people, 
with  the  symptoms  of  heat  and  fulness  in  the 
rectum,  frequent  desire  to  go  to  stool,  and 
great  tenesmus  ;  there  may  be,  too,  discharge 
of  blood  and  mucus.  Sedative  and  astringent 
injections  give  relief. 

Acute  inflammation  of  the  rectum  resembles 
dysentery,  but  lacks  the  abdominal  pain  and 
tenderness  and  the  constitutional  disturbance. 
The  bladder  is  affected,  and  there  is  difliculty 
in  passing  water.  Leeches  around  the  anus, 
hot  baths,  and  injections  of  small  amounts  of 
water  as  hot  as  can  be  borne  are  effective 
treatment.  No  purges  should  be  given.  Light, 
unstimulating  diet  and  the  recumbent  posture 
are  to  be  instituted. 

Rare  Growths. — Dermoid  cysts,  angioma ta, 
and  lipomata  of  the  rectum  are  surgical  curi- 
osities of  such  rarity  that  they  do  not  here 
demand  attention. 

Rectus.  —  Straight,  especially  in  the 
terminology  of  the  muscular  system ;  e.g.  the 
rechis  abdominis,  rectus  capitis  anticus  and 
posticus,  and  the  rectus  femoris.  See  Brain, 
Affections  of  Blood-Vessels  [Paralysis,  Rectus 
Clonus) ;  Muscles,  Traumatic  Affections  of 
[Rupture  of  Rectus  Abdominis,  Cruris,  etc.). 

Recurrence. — The  return  of  a  state  or 
event,  e.g.  of  a  high  temperature  {e.g.  recurrent 
or  relapsing  fever) ;  in  a  special  sense,  recur- 
rence may  mean  the  reappearance  of  traits 
long  absent,  e.g.  atavism.  See  Hernia  {Opera- 
tive Treatment,  Recurrence) ;  Larynx,  Neuroses 
OF  {Innervation  of  the  Larynx,  Recurrent 
Laryngeal  Nerve) ;  Tropics,  Unclassed  Fevers 
OF  {Recurrent  Fevers)  ;  Undulant  Fever 
{Synonyms). 

Recurrent. — Returning,  e.g.  the  recur- 
rent laryngeal  nerve  or  relapsing  fever. 

Red  Blindness.  See  Colour  Vision 
{Red  Blindjiess). 

Red    Corpuscles.     See  Blood  {Cor- 
puscular  Elements) ;    Chlorosis  {Pathology) 
Erythrocytes  ;  Physiology,  Nutrition  {Bloo 
and  Lymph,  Cells  of  Blood). 

Red  Gum. — Eucalyptus  gum  {see  EucAL 
YPTUS  Gum)  ;  also  strophulus,  or  a  red  papulae 
eruption  seen  in  infants. 

Red  Lea.d. — Red  oxide  of  lead  or  minium 
which  may  be  a  cause  of  danger  to  health.  Se 
Trades,  Dangerous  {Lead-Poisoning). 

Red  Lotion. — Lotio  rubra.  See  LoTio 
Rubra  ;  Zinc. 

Red  Marrow.  See  Physiology,  Blood 
and  Lymph  {Source  of  the  Erythrocytes). 
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Red  Sanders-Wood.  *S'ee  Ptbrocabpi 

Lignum. 

Redla.nds.  See  Therapeutics,  Health 
Resorts  (American). 

Redressement  Forc6. — The  forcible 

correction  of  a  deformity. 

Reducing'. — Depriving  of  its  oxygen,  e.g. 
a  substance  {"reducing  substance  ")  occasionally 
found  in  the  urine  in  tuberculous  meningitis 
(q.v.). 

Reduction.  See  Hernia  (Treatment, 
Reduction,  False,    In  Mass,"  etc.). 

Reduplication.  See  Heart,  Affec- 
tions OF  Myocardium  and  Endocardium  (Physi- 
cal Examination,  Auscultation). 

Redux  Crepitus. — Small  mucous  rales 
heard  in  auscultation  at  the  beginning  of  the 
stage  of  resolution  (redux,  a  return  to  health) 
in  pneumonia.    See  Pneumonia. 

Red-Water  Fever.— Texas  Fever.  See 
Parasites  (Sporozoa  of  Texas  Fever). 

Reflex  and  Reflexes.  See  Spinal 

Cord,  Medical  (Symptomatology,  Reflexes) ; 
Tendon-Jerks.  See  also  Alcoholism  (Chronic, 
Impairment  of  Reflexes) ;  Angina  Pectoris 
( Varieties,  Reflex  Angina) ;  Asphyxia  (Pheno- 
mena, Abolition  of  Reflexes) ;  Brain,  Phy'Siology 
of  (Scheme  of  Light  Reflex,  Fig.  9) ;  Brain, 
Affections  of  Blood-Vessels  (Paralysis,  State 
of  Reflexes)  ;  Brain,  Tumours  of  (Localising 
Symptoms,  Reflexes) ;  Brain,  Surgery  of  (Con- 
cussion and  Compression,  Symptoms) ;  Diarrhcba 
( Varieties,  Reflex) ;  Epilepsy  (Etiology,  Reflex) ; 
Hemiplegia  (Motor  Symptoms,  Reflexes)  ;  Hydro- 
cephalus (Chronic,  Symptoms,  Reflexes) ;  Hys- 
teria (Motor  Disorders,  Reflexes)  ;  Nerves, 
Neuralgia  (Etiology,  Symptoms) ;  Nose,  Nasal 
Neuroses;  T^aralysis (Spastic Paralysis, Landry's 
Paralysis,  Acute  Anterior  Poliomyelitis,  Progres- 
sive Muscular  Atrophy,  etc.);  Physiology,  Neuro- 
muscular Mechanism  (Reflex  Action) ;  Physi- 
ology, Spinal  Cord  (Reflex  Functions) ;  Pupil 
(Size) ;  Spinal  Cord,  Medical  (Physiology, 
Symptomatology,  Reflexes);  Tabes  Dorsalis 
(Symptomatology,  Reflexes) ;  Tetany  (Symptoms, 
Reflexes). 
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See  also  Glaucoma  (Symptoms,  Changes  of 
Refraction) ;  Retinoscopy  ;  etc. 

Refraction  is  the  name  given  to  the  change  of 
direction  from  their  former  course  of  what  are 
conventionally  termed  ^  "  rays  of  light  "  when 
they  pass  obliquely  from  one  medium  into 
another  of  different  density.  It  is  accounted  for 
by  the  altered  velocity  of  light  in  the  second 
medium.  In  water,  for  example,  light  travels  at 
three-fourths,  and  in  glass  at  two-thirds,  of  its 
speed  in  air.  The  "  optical  density  "  of  various 
substances,  by  which  we  mean  their  power  of 
retarding  light,  varies  pretty  closely  with  their 
physical  densities,  as  if  retardation  of  light  de- 
pended on  the  quantity  of  matter  contained  in  a 
given  space.  When  light  falls  on  a  plane  surface 
bounding  two  media,  as,  e.g.,  when  it  passes  out 
of  air  into  plane  glass,  the  perpendicular  ray 
(Oa  in  Fig.  1)  is  undefiected,  Ijut  all  other  rays 
fall  obliquely,  and  are  deflected  towards  the  per- 
pendicular ray,  as  if  they  came  from  a  point  0' 
farther  away  from  the  glass.  This  point  0'  is 
called  the  virtual  image  of  0,  because  to  an  eye 
situated  in  the  substance  of  the  glass,  as  illus- 
trated in  the  figure,  0  would  appear  to  be  at  0'. 


Fig.  1.  Fig.  2. 


The  distance  Oa  is  to  the  distance  O'a  as  the  speed 
of  light  in  glass  is  to  its  speed  in  air,  namely,  as 
two  to  three.  To  find  the  expression  for  the 
optical  density  of  a  substance  we  have  to  invert 
this  fraction,  for  the  speed  of  light  varies  in- 
versely with  the  density  of  the  substance  through 
which  it  passes.  The  fraction  thus  inverted  is 
called  the  "  index  of  refraction  "  for  that  sub- 
stance, and  is  represented  by  the  letter  /x.  In 
the  case  of  glass     is  but  slightly  over  1  '5.2 

When  light  travels  out  of  a  denser  into  a  rarer 
medium,  as  out  of  glass  into  air  (Fig.  2),  the 

^  Ray.s  of  light  are  merely  directions  in  which  light 
travels,  being  perpendiculars  to  the  wave-fronts,  and  have 
no  concrete  existence,  but  this  is  not  the  place  to  enter 
into  physical  optics. 

^  The  term  density-constant  might  be  suggested  as 
a  better  one  than  "index  of  refraction,"  if  Sylvanus 
Thompson's  terms  of  velocity-constant  be  adopted  for  the 
retardation  of  light,  and  since  one  of  these  constants  is 
always  the  reciprocal  of  the  other  for  any  given  substance, 
there  is  peculiar  appropriateness  in  his  selection  of  the 
letter  h  for  the  velocity-constant,  for  h  inverted  closely 
resembles  fx.. 
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obliquely  incident  rays  are  bent  away  from  the 
perpendicular,  as  if  they  came  from  a  point 
called  the  "  virtual  focus,"  whose  distance  from 
the  surface  is  two-thirds  that  of  the  real 
focus. 

To  an  eye  in  air,  therefore,  as  illustrated  in 
the  diagram,  the  point  0  appears  to  be  at  0'. 

Plane  Glass. — When  light  passes  through  a 
sheet  of  plane  glass  the  refractions  at  the  two 
surfaces,  being  respectively  incident  and  emer- 
gent, and  thus  of  opposite  kinds,  neutralise  each 
other,  so  that  the  rays  emerge  parallel  to  their 
previous  course  before  incidence. 

Frisms. — When  two  plane  faces  of  a  trans- 
parent body  are  inclined  to  one  another  they 
enclose  an  "  optical  prism."  A  ray  of  light  (^  in 
Fig.  3)  falling  on  one  face  is  deflected  towards 
the  normal  (n),  and  on  emerging  from  the  second 
face  is  deflected  from  the  normal  (n),  so  that 


Fig.  3. 

the  angle  of  total  deflection  lies  between  the 
incident  ray  (i)  and  the  emergent  ray  produced 
backwards  (r).  It  will  be  seen  from  the  figure 
that  prisms  deflect  light  towards  their  bases, 
and  appear  to  displace  objects  towards  their 
apices.  Thus  to  an  eye  at  E,  the  object  0 
appears  displaced  to  0'  by  an  angle  which  is 
called  the  angle  of  deviation. 

When  the  material  of  the  prism  is  glass,  and 
provided  also  that  the  prism  be  a  fairly  weak 
one,  and  be  so  held  that  the  light  does  not 
traverse  it  too  obliquely,  the  angle  of  deviation 
is  about  half  the  angle  between  the  two  faces. 
A  prism  deflects  light  least  (or,  in  other  words, 
is  held  in  the  "position  of  minimum  deviation") 
when  the  incident  and  emergent  rays  are  sym- 
metrically inclined  to  its  surface.  The  actual 
angle  between  the  faces  was  that  by  which  prisms 
used  to  be  marked,  and  frequently  are  still.  A 
suggestion  ^  to  measure  prisms  by  the  deviating 
angle  instead  of  the  material  angle  was  published 
in  1886,  since  it  is  their  optical  properties,  and 
not  their  physical  conformations,  that  make 
them  of  value,  and  an  easy  method  of  so  doing 
was  placed  by  the  writer  in  the  hands  of  Messrs. 
Curry  and  Paxton.  Jackson,  independently  and 
more  publicly,  proposed  at  a  later  date  that  all 
prisms  should  be  numerated  by  their  deviating 
angles.  To  distinguish  this  notation  from  the 
old  one,  it  was  agreed  by  a  committee  of  the 
U.S.A.  Ophthalmic  Society  that  the  letter  d 
should  be  appended.  Thus  a  prism  of  3°  d  is 
the  same  as  a  6"  prism  of  the  old  marking ; 

'  Syme  Surgical  Fellowship  Essay,  Edinburgh  Univer- 
sity (1884),  published  1886. 


though  it  deflects  light  by  3°,  the  angle  between 
its  faces  is  6°. 

Lenses  differ  from  prisms  in  that  they  have 
curved  surfaces.  They  are  divided  into  two 
classes,  spherical  and  cylindrical.  The  former 
may  be  bi-convex  {a,  Fig.  4),  bi-concave  {h), 
plano-convex  (c),  plano-concave  {d),  convex 
menisci  (e),  or  concave  menisci  (/).  Every  lens 
has  an  unchangeable 
optical  strength 
peculiar  to  itself,  and 
corresponding  there- 
with a  definite  focal 
length,  these  two 
quantities  being  re- 
ciprocally related  to 
each  other,  for  the  shorter  the  focal  length 
the  greater  the  optical  strength.  It  is  neces- 
sary, therefore,  to  explain  what  is  meant  by 
the  focal  length.  A  convex  lens  interposed 
in  the  path  of  a  parallel  beam  of  light  brings 
the  light  to  a  focus  at  a  constant  distance 
from  itself,  which  is  called  the  "focal  length 
of  the  lens"  (Fig.  5).  The  stronger  the  lens 
the  shorter  its  focal  length,  so  that  if  we 
let  F  stand  for  the  optical  strength,  and  /  for 

the  focal  length,  F  =y    Ophthalmologists  used 

formerly  to  measure  /  in  inches,  but  now  in 
metres,  since  the 
accepted  unit  of 
optical  strength 
is  that  possessed 
by  a  lens  of  one 
metre  focal 
length.  This 
accepted  unit  of 
optical  power  is 
called  a  dioptre. 
of   one  dioptre 


Fig.  5. — A  collecting  lens :  focal 
length  positive. 


Two  lenses  each  possessed 
of  refractive  power  placed 
in  close  apposition  would  form  a  combination 
having  twice  the  refractive  power  of  either 
one  alone  ;  hence  the  focal  length  of  the  com- 
bination would  be  half  as  much,  i.e.  half  a 
metre.  Three  such  apposed  lenses  would  have 
an  optical  power  three  times  as  great,  and 
therefore  a  focal  length  three  times  as  short  or 
one-third  of  a  metre ;  and  so  on.  In  fact  we 
have  only  to  imagine  ourselves  possessed  of  a 
metre  rod  with  no  markings  on  it,  and  nothing 
else  to  measure  with,  to  imderstand  the  dioptric 
system.  This  rod  will  be  about  40  inches  long. 
How  many  dioptres  has  any  given  lens  %  J  ust 
as  many  as  the  times  its  focal  length  is 
measurable  into  the  metre  rod,  or,  in  other 
words,  as  many  as  the  times  its  focal  length  in 
inches  will  go  into  40  inches.  Take,  e.g.,  a  lens 
of  10  inches  focal  length  ;  it  will  measure  four 
times  into  the  rod,  and  therefore  be  of  four 
dioptres.  This  lens  is  written  down  as  4-  4D, 
the  plus  sign  being  allotted  to  convex  lenses. 
To  concave  lenses,  on  the  other  hand,  the  minus 
sign  is  prefixed.    The  latter  have  no  real  focus, 
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but  only  a  virtual  one,  for  when  placed  in  a 
beam  of  light  they  make  it  spread  out  as  if 
coming  from  the  virtual  focus  P'  (Fig.  6).  It 
will  be  seen  that  the  virtual  focus  of  a  concave 


<  

1 

i 

V  3 
■2  c 
«  P. 

•g,a 

Fig.  6. — A  distributing  lens  :  focal  length  negative. 

lens  lies  on  the  incident  side  of  the  lens.  It  is 
for  this  reason  the  focal  length  (/)  is  reckoned 
negative. 

Conjugate  Foci. — When  divergent  rays,  such 
as  proceed  from  a  source  at  a  finite  distance, 
fall  upon  a  convex  lens,  part  of  the  converging 
power  of  the  lens  is  taken  up  in  overcoming  the 
divergency  of  the  incident  light,  leaving  only 
the  remainder  to  converge  the  emergent  light. 
But  lessened  convergence  of  the  emergent  light 
means  greater  distance  of  its  focus  from  the 
lens.  Hence,  though  the  lens  is  just  as  strong 
as  the  lens  in  Fig.  5,  the  focus  lies  farther  from 
the  lens  than  the  principal  focus  in  Fig.  5.  In 
such  case  the  focus  of  origin  and  the  focus  of 
destination  are  called  "conjugate  foci,"  because 
they  are  so  yoked  together  that  when  one  is 
made  to  approach  the  lens  the  other  recedes 
from  it.  The  reason  of  this  is  very  simple, — 
the  more  the  point  of  origin  approaches  the 
lens  the  greater  is  the  divergence  of  the  inci- 
dent light,  and  the  greater  proportion,  therefore, 
of  the  power  of  the  lens  is  used  up  to  overcome 
that  divergency,  leaving  only  the  residuum  of 
power  to  effect  the  convergence  of  the  emergent 
light. 

To  give  an  example,  let  us  suppose  the  lens 
in  question  to  possess  four  units  (dioptres)  of 
converging  power.  That  means  that  it  con- 
verges parallel  light  to  a  focus  a  quarter  of  a 
metre  away  from  itself.  Let  us  replace  the 
incident  beam  of  parallel  light  by  one  of  diver- 
gent light  from  a  point  half  a  metre  away. 
Such  incident  light  arrives  at  the  lens  with  a 
divergency  of  two  dioptres.  It  therefore  ap- 
propriates two  dioptres  of  power  from  the  lens 
to  overcome  its  incident  divergency,  leaving 
two  others  to  effect  the  convergency  of  the 
emergent  light.  Since  the  power  of  the  lens  is 
in  this  instance  divided  into  two  equal  parts, 
it  is  evident  that  the  two  foci  (of  origin  and 
destination)  will  be  equidistant  from  the  lens, 
and  that  each  will  lie  twice  as  far  from  it  as 
the  principal  focus.  Had  the  lens  been  one  of 
5D  instead  of  4D,  it  would  retain  3D  of  con- 
verging power,  since  2D  from  5D  leaves  3D, 
and  the  conjugate  focus  of  the  emergent  light 
would  be  found  one-third  of  a  metre  away  from 
the  lens.    This  is  illustrated  in  the  figure. 


If,  on  the  other  hand,  the  incident  light  be 
made  to  fall  in  an  already  converging  condition 
upon  the  same  lens,  the  whole  power  of  the 
lens  is  available  to  add  to  the  already  existing 
convergency.  Thus  light  with  3D  of  conver- 
gency, incident  on  a  -f-  5D  lens,  would,  hut  for 
the  interposition  of  the  lens,  have  been  collected 
to  a  focus  a  third  of  a  metre  farther  on.  When 
a  lens  is  interposed,  however,  though  the  inci- 
dent light  is  still  directed  towards  that  focus, 
it  becomes  a  virtual  focus,  since  the  light  does 
not  really  arrive  there,  being  gathered  up  by 
the  lens  to  a  real  focus  at  a  nearer  point.  If 
the  lens  be  one  of  -f  5D,  it  adds  the  whole  of 
its  5D  to  the  3D  already  possessed  by  the  inci- 
dent beam,  so  the  light  leaves  it  with  a  con- 
vergency of  8D.  The  conjugate  focus,  there- 
fore, will  be  \  metre  from  the  lens,  for  we  still 
call  them  conjugate  foci,  though  one  is  virtual 
and  the  other  real.  They  both  lie  on  the  same 
side  of  the  lens,  and  the  nearer  one  is  brought 
to  the  lens  the  nearer  comes  the  other.  It  has 
been  observed  that  conjugate  foci,  of  whatever 
kind,  always  move  in  the  same  direction. 

Images. — So  far  we  have  supposed  the  inci- 
dent light  to  proceed  from  a  point.  But  in 
nature  luminous  points  do  not  exist  except  in 
groups.  The  surface  of  any  object  may  be  re- 
garded as  composed  of  an  indefinite  number 
of  points  side  by  side  ;  and  since,  when  a  lens 
is  brought  into  play,  each  has  its  conjugate 
focus,  or  point-image,  all  of  these  also  lie  side 
by  side,  so  as  to  form  a  corresponding  group, 
or  imiage  of  the  object,  which  may,  however, 
be  real  or  virtual,  just  as  we  have  already  con- 
sidered. The  relative  size  of  image  and  object 
follows  the  very  simple  rule  that  it  is  directly  pro- 
portionate to  the  distance  of  each  from  the  lens. 

When  an  image  lies  on  the  opposite  side  of  a 
lens  from  the  object,  it  is  always  inverted ;  when 
on  the  same  side  it  is  always  erect. 

Cylindrical  lenses  differ  from  spherical  in 
that  they  are  curved  in  one  direction  only,  but 
like  them  they  are  divided  into  two  classes  of 
convex  and  concave.  The  shape  of  a  convex 
cylinder  is  as  though  a  small  circular  piece 
were  sliced  ofi^  the  surface  of  a  column  or  solid 
cylinder  of  glass.  One  meridian  of  the  lens, 
therefore,  answering  to  the  long  axis  of  the 
column,  has  no  refracting  power,  and  is  called 
the  "axis"  of  the  lens.  The  meridian  at  right 
angles  to  the  axis  has  the  maximum  refracting 
power,  and  is  that  by  which  the  cylinder  is 
numerated.  Thus  a  cylinder  having  its  maxi- 
mum curvature  equal  to  the  all-round  curvature 
of  a  +ll>  spherical  lens  is  a  -|- ID  Cyl.  Its 
focal  length  is  1  metre,  but  the  light  is  focussed 
into  a  line  instead  of  into  a  point. 

The  extremities  of  the  axis  are  usually  de- 
noted by  tiny  scratches  in  the  glass,  but  they 
might  with  advantage  be  further  indicated  by 
two  notches  in  the  metal  rim  of  the  lens,  so  as 
to  utilise  the  surgeon's  sense  of  touch,  according 
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to  a  suggestion  made  to  the  writer  by  Anderson 
Stuart.  It  is  customary  also  for  good  cylindri- 
cal lenses  to  have  two  opposite  areas  obscured 
like  "  ground  glass,"  having  their  edges  parallel 
to  the  axis  of  the  lens. 

Meamrement  of  Lenses. — Concave  lenses  not 
only  have  the  property  of  making  objects  viewed 
through  them  appear  smaller,  but  when  the 
lens  is;  moved  from  side  to  side  an  apparent 
motion  is  imparted  to  any  object  viewed  through 
the  lens  in  the  same  direction  as  the  movement 
of  the  lens  {see  Fig.  7).  The  farther  the  lens 
is  held  from  the  eye  the  greater  is  the  apparent 
motion.  The  strength  of  the  lens  is  best  de- 
termined by  the  process  of  "  neutralisation,"  i.e. 
by  finding  which  of  the  convex  lenses  from  the 
trial-case  abolishes  this  apparent  motion  and 


Fig.  7.— Apparent  motion 
through  a  concave  lens. 


Fig.  8. 


makes  the  combination  resemble  a  piece  of 
plane  glass.  For  weak  lenses  this  method  is 
very  exact,  and  for  strong  lenses  it  is  exact 
enough  for  practical  purposes.  When,  however, 
strong  lenses  of  equal  power  and  opposite  sign 
are  apposed,  the  combination  exhibits  an  ap- 
preciable "  convex  "  character  of  motion,  which- 
ever lens  be  held  nearer  the  eye.  This  fact, 
which  many  have  noticed  from  the  trial-case 
and  puzzled  over,  I  have  graphically  explained 
by  Fig.  8,  which  shows  how  the  two  outside 
surfaces  of  the  combination  would,  if  continued 
in  space,  as  shown  by  the  dotted  lines,  form 
a  convex  meniscus. 

A  convex  lens  not  only  makes  distant  objects 
appear  dim  to  an  emmetropic  eye  and  near 
objects  appear  magnified,  but 
when  displaced  laterally  it 
makes  objects  appear  to  move 
in  the  opposite  direction,  i.e. 
aijainst  its  own  motion  (Fig.  9). 
This  motion  can  be  neutral- 
ised, and  the  lens  measured 
by  the  apposition  of  the  con- 
cave lens  of  equal  strength 
from  the  trial-case.  An  ex- 
cellent alternative  mode  of 
measuring  lenses  is  afforded  by  the  now  well- 
known  Geneva  lens  measure  (Fig.  10),  which, 
when  pressed  against  each  surface  of  the  lens 
in  turn,  tells  the  dioptric  power  of  each  surface. 
The  two  readings  must,  of  course,  be  added 
together  to  give  the  strength  of  the  lens.  For 
pebble  lenses  the  findings  of  this  instrument 
are  a  little  too  low.    The  index  of  refraction 


Fig.  9.— Apparent  mo- 
tion through  a  con- 
vex lens. 


being  higher  for  pebble,  the  same  curvature 
betokens  a  greater  refractive  power. 


Fig.  10.— Geneva  Lens  Measure. 

Measurement  of  Cylinders. — The  first  step  is 
to  find  the  axis,  by  looking  through  the  lens 
at  a  (preferably  distant)  vertical  line  and 
rotating  it  till  the  part  of  the  line  viewed 
through  the  cylinder  no  longer  appears  "tilted," 
but  continuous,  above  and  below,  with  the  rest 
of  the  line.  If  now  the  lens  can  be  moved  in 
a  direction  parallel  to  the  length  of  the  line, 
without  causing  any  apparent  displacement  of 
neighbouring  objects,  the  axis  of  the  lens  is 
parallel  to  the  line.  If,  on  the  other  hand,  it 
imparts  apparent  motion  to  the  neighbouring 
objects  when  it  is  moved  along  the  direction 
of  the  line,  the  axis  is  perpendicular  to  the  line, 
as  confirmed  by  the  apparent  immobility  of 
objects  when  the  lens  is  moved  at  right  angles 
to  the  same.  In  either  case  the  lens  is  convex 
or  concave,  according  as  the  objects  appear  to 
move  "against"  or  "with"  its  own  motion. 
Having  found  the  axis  and  character  of  the 
lens,  it  is  easy  to  appose  successive  cylinders 
of  opposite  sign  from  the  trial-case,  axis  to  axis 
ever,  till  all  apparent  motion  is  neutralised. 
Another  plan  is  to  appose  spherical  lenses  till 
one  is  found  which  annuls  all  motion  along  a 
meridian  perpendicular  to  the  axis,  since  this 
is  the  meridian  of  maximum  curvature. 

References  have  already  been  made  to  the 
Geneva  lens  measure.  If  pressed  against  a 
cylindrical  lens,  its  index-hand  points  to  zero 
when  its  three  teeth  lie  along  the  axis  of  the 
lens,  but  on  rotating  the  apparatus  slowly  the 
index  rises  gradually  till  the  maximum  reading 
is  reached  at  right  angles  to  the  axis,  demon- 
strating very  prettily  the  gradual  increase  of 
curvature  of  successive  meridians  as  they 
become  more  and  more  distant  from  the  axis. 
In  the  case  of  strongly  cylindrical  spectacle- 
lenses,  the  exact  inclination  of  the  axis  is  a 
matter  of  considerable  importance,  and  though 
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FlQ.  11. — Writer's  Axis- Finder. 


it  may  be  guessed  to  a  very  close  approximation 
by  the  methods  already  described,  greater 
accuracy  is  afforded  by  the  writer's  "axis- 
finder,"  which  tells  the  axis  not  merely  in 

relation  to  the 
long  diameter  of 
the  lens,  but  to 
the'longdiameter 
of  the  spectacle 
frame  as  a  whole, 
as  it  sits  upon  the 
face,  which  is,  of 
course,  what  we 
want  to  know 
(see  Fig.  11). 

Emmetropia  is 
the  optical  con- 
dition of  the 
natural  eye,  in  which,  during  negative  accom- 
modation, the  length  of  the  eyeball  and  the 
focal  length  of  the  dioptric  media  are  so 
proportioned  that  the  retina  lies  at  the 
principal  focus ;  or,  in  other  words,  the  con- 
jugate  focus  of  the  retina  lies  at  infinity.  This 
enables  the  retina  to  receive  clear  images 
of  very  distant  objects,  and,  when  the  ciliary 
muscle  is  paralysed,  of  them  only.  With  an 
active  ciliary  muscle  each  increment  of  accom- 
modation causes  the  conj  ugate  focus  of  the  retina 
to  approach  the  eye,  till  eventually  it  reaches 
the  "near  point"  or  "punctum  proximum." 

All  investigators  are  agreed  that  accommo- 
dation is  brought  about  by  a  change  in  the 
shape  of  the  crystalline  lens  effected  by  con- 
traction of  the  ciliary  muscle,  though  two  rival 
theories  (Helmholtz,  Tscherning)  are  in  the 
field  as  to  the  nature  of  the  change,  the  former 
having  maintained  that  it  is  caused  by  relax- 
ation, and  the  latter  by  tightening,  of  the 
zonule.  It  is  readily  seen  that  while  an 
emmetropic  eye  has  the  power  of  accommodating 
itself  to  receive  the  diverging  rays  which  pro- 
ceed from  near  objects,  the  utmost  it  can  do  by 
extreme  relaxation  is  to  focus  parallel  rays  on 
its  retina.  The  smallest  convergence  possessed 
by  an  entering  pencil  is  incompatible  with 
distinct  retinal  pictures.  That  is  why  an  even 
weak  convex  {i.e.  converging)  lens  held  before 
an  emmetropic  eye  impairs  the  definition  of 
distant  objects,  a  phenomenon  which  supplies 
us  with  one  of  the  three  tests  necessary  to  prove 
an  eye  emmetropic.  Since  it  only  excludes 
hypermetropia,  a  second  test  is  needed  to 
exclude  myopia,  and  consists  in  demonstrating 
that  either  there  exists  full  acuity  of  distant 
vision,  or  that  at  any  rate  there  is  no  marked 
improvement  of  vision  (other  than  accounted 
for  by  slight  contraction  of  the  pupil)  by  a  weak 
concave  lens.  Though  the  second  test  excludes 
high  astigmatism,  yet  a  third  is  necessary  to 
guard  against  the  presence  of  a  low  degree  of 
that  defect,  and  may  be  instituted  either  by 
noting  the  effect  of  weak  cylindrical  lenses  or  by 


directing  the  patient's  attention  to  lines  running 
in  different  directions,  as  described  farther  on. 

Actually,  very  few  eyes  are  strictly  emme- 
tropic, a  trace  of  astigmatism  being  almost 
universal,  owing  to  the  vertical  meridian  of  the 
cornea  being  more  strongly  curved  than  the 
horizontal.  While  any  distant  object  may  be 
chosen  for  the  first  of  the  two  tests,  the  most 
convenient  in  practice  are  Snellen's  test-types 
(consult  articles  on  "  Visual  Acuity ")  at  a 
distance  of  6  metres  (20  feet). 

Range  of  Accommodation. — In  emmetropia 
the  "far  point"  remains  at  infinity,  but  the 
"  near  point "  gradually  recedes  from  the  eye  as 
age  advances,  curtailing  the  range  of  accommo- 
dation year  by  year.  The  near  point  is  best 
discovered  by  approaching  Jaeger's  small  test- 
types  (described  in  the  article  on  "  Visual 
Acuity")  first  to  both  eyes  together  (binocular), 
then  to  each  singly  (monocular),  till  the  greatest 
nearness  compatible  with  distinct  vision  is 
reached.  This  distance,  measured  from  the 
eye  in  centimetres  and  divided  into  100,  gives 
the  range  of  accommodation  in  dioptres.  Thus 
a  patient  who  ceased  to  see  Jj  (see  article  on 
"  Visual  Acuity  ")  quite  distinctly  if  held  nearer 
than  8  cm.  to  his  eyes,  has  ^=12^D  of 
accommodation  power,  while  another,  whose 
power  of  distinct  vision  fails  at  25  cm.,  has 
i^  =  4D  of  accommodation  power.  Dioptric 
tapes  are  sold  which  make  even  this  simple 
calculation  unnecessary.  Those  who  prefer  to 
take  measurements  in  inches  should  divide  into 
40  instead  of  into  100,  and  the  result  will  come 
out  the  same.  Thus,  with  a  near  point  of  5 
inches,  the  range  of  accommodation  is  ^'  =  8D. 
In  later  life  a  normal  eye  acquires  slight 
hypermetropia. 

The  following  table  shows  the  range  of  accom- 
modation at  different  ages,  and  is  taken  principally 
from  Bonders.  The  acquired  hypermetropia 
appears  to  the  writer  slightly  exag<xerated  : — 


Age. 

Near 
Point  in 
Inches. 

Near  Point  in 
Centimetres. 

Range  of 
Accommo- 
dation. 

Acquired 
Hyper- 
metropia. 

cm. 

D. 

i). 

10 

2i 

7 

14 

15 

3i 

8 

12 

20 

4 

10 

10 

25 

41 

12 

8-5 

30 

5i 

14 

7 

35 

n 

18 

5-5 

40 

9 

22 

4-5 

45 

lU 

28 

3-5 

50 

16 

40 

2-5 

55 

26 

66 

1-75 

0-25 

60 

80 

200 

1 

0-5 

65 

oo 

oo 

0-75 

0-75 

70 

-40 

-1001 

0-25 

1-25 

75 

-23 

-57 

0 

1-75 

80 

-  16 

-40 

0 

2-5 

1  The  minus  sign  is  prefixed  to  show  that  the  near 
point  has  become  virtual,  i.e.  behind  the  eye  instead 
of  before  it. 
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Hypbrmetropia  is  generally  the  expression  of 
imperfect  development  of  the  eyeball,  which 
resembles  those  of  the  lower  animals  in  being 
more  flattened  from  before  backwards.  Thus 
results  a  discrepancy  between  the  length  of  the 
eyeball  and  the  focal  length  of  its  media,  the 
former  being  less  than  the  latter.  When  the 
accommodating  power  of  the  eye  is  able  to 
shorten  the  focal  length  sufficiently  to  make  it 
coincide  with  the  eyeball  length,  the  defect  of 
focus  is  for  the  time  overcome.  Hypermetropia 
of  this  kind  is  called  "Facultative,"  in  contrast 
to  "  Absolute  "  hypermetropia,  in  which  all  such 
efforts  fall  short  of  their  mark.  Moreover,  all 
young  hypermetropes,  and  many  middle-aged 
ones,  have  a  certain  fraction  of  their  defect 
(which  becomes  smaller  every  year)  constantly 
masked  by  an  involuntary  residuum  of  accommo- 
dative action  which  remains  in  force  even  when 
the  voluntary  relaxation  of  accommodation  is 
tempted  to  the  utmost  by  convex  lenses.  This 
perpetually  neutralised  fraction  of  the  refractive 
error  is  called  the  "Latent  H,"  while  the  re- 
mainder is  called  the  "  Manifest  H,"  since  it  can 
be  manifested  by  the  toleration  of  convex  lenses. 
The  two  together  constitute  the  "  Total  H." 
To  learn  the  "  Latent  H,"  we  must  first  measure 
the  "  Manifest  H,"  then  paralyse  the  ciliary 
muscle  by  some  cycloplegic  like  atropine,  and 
measure  the  "  Total  H."  The  difference  between 
the  two  gives  the  "Latent  H."  To  detect  H 
we  may  employ  retinoscopy  {q.v.),  or  subjective 
tests.  For  the  latter  it  is  customary  to  place 
the  patient  5  or  6  metres  from  Snellen's  distant 
test-types,  and  find,  with  each  eye  separately, 
what  is  the  strongest  convex  lens  compatible 
with  the  best  vision  obtainable.  If,  after  thus 
testing  each  eye  separately,  the  two  lenses  found 
be  left  in  the  trial  frame,  while,  with  both  eyes 
open,  weak  pairs  of  sphericals  are  placed  simul- 
taneously before  the  two  eyes,  it  will  often  be 
found  that  more  hypermetropia  becomes  mani- 
fest binocularly  than  monocularly,  and  this 
procedure  should  never  be  omitted  in  correcting 
any  error  of  refraction.  Before  turning  to  the 
treatment  of  H,  it  is  well  to  consider  that  nature 
treats  it  by  hypertrophy  of  the  ciliary  muscle 
(analogous  to  compensatory  hypertrophy  of  the 
heart).  So  long  as  compensation  is  sufficient 
and  no  discomfort  exists,  it  is  wise  to  let  nature 
develop  her  own  resources,  and  to  refrain  from 
what  we  might  almost  call  meddlesome  spectac- 
ling.  It  is  chiefly  in  strong,  healthy  young 
people  that  such  compensation  exists.  There  is, 
however,  a  larger  class  in  these  hyper-educa- 
tional days  whose  neuro-muscular  energy  is 
insufficient,  and  in  whom  the  lack  of  compensa- 
tory power  makes  itself  felt  by  headaches,  eye- 
strain, and  various  sensory  discomforts,  while 
at  times  the  page  becomes  misty,  as  the  tired 
muscles  "give  out."  Even  in  such  cases  we 
should  not  always  think  of  correcting  the  total 
hypermetropia.    We  should  help  nature  rather 


than  supplant  her.  In  some  cases,  especially 
among  young  people,  it  suffices  to  correct  the 
manifest  hypermetropia  alone ;  in  a  larger 
number  half  the  latent  element  should  also  be 
corrected,  while  in  a  certain  proportion,  and  I 
think  in  all  adults,  and  most  certainly  in  every 
case  of  convergent  squint,  it  is  advisable  to 
correct  the  whole.  We  should  also  be  guided 
often  by  the  muscular  balance  of  the  eyeballs. 

If,  while  looking  at  a  distant  object,  a  con- 
dition of  latent  convergence  can  be  demonstrated, 
a  more  complete  correction  of  the  total  hyper- 
metropia is  indicated. 

If,  on  the  other  hand,  latent  divergence  be 
great,  convex  glasses  would  increase  it  by 
lessening  the  accommodative  effort,  and  with  it 
the  associated  convergence,  and  should  therefore 
be  prescribed  as  weak  as  possible.  The  balance 
is  conveniently  tested  by  placing  a  lighted 
candle,  or  other  small  source  of  light,  at  a 
distance  of  5  metres  from  the  patient,  while  a 
disc  of  horizontal  glass  rods  ^  is  held  before  one 
eye  so  as  to  make  the  flame  appear  drawn  out 
into  a  long  streak  of  light,  while  the  naked  eye, 
of  course,  sees  the  flame  as  it  is.  Homonymous 
diplopia,  in  which  the  streak  appears  on  the 
same  side  as  the  rods  producing  it,  indicates 
convergence,  while  crossed  diplopia  indicates 
divergence. 

The  slight  hypermetropia  incidental  to  diabetes 
is  attributed,  with  good  reason,  to  an  increased 
index  of  refraction  of  the  vitreous  body.  In- 
creased index  of  the  aqueous,  on  the  other  hand, 
tends  to  myopia.  Nearly  all  young  children 
are  hypermetropic,  and  there  is  reason  to  believe 
that  it  gradually  lessens  with  development  of 
the  eye.  After  about  the  age  of  fifty-three, 
however,  another  kind  of  H  (H  acquisita)  begins 
to  appear,  and  goes  on  increasing,  as  shown  in 
the  last  column  of  the  table  given  in  the  sec- 
tion on  emmetropia.  Priestley  Smith  ascribes 
it,  with  some  reason,  to  the  steady  growth  of 
the  lens  which  he  has  so  beautifully  demon- 
strated, but  it  is  also  rational  to  expect  that  the 
eyeball  should  share  the  senile  shrinking  of  the 
whole  body,  and  thus  its  antero-posterior  dia- 
meter becomes  less  (Bonders). 

Since  in  hypermetropes  part  of  the  accommo- 
dative power  is  spent  in  correcting  the  refractive 
defect,  the  range  of  accommodation  is  shortened 
in  proportion,  and  the  near  point  lies  farther 
from  the  eye.  A  natural  consequence  of  this  is 
that  presbyopia  sets  in  earlier. 

Hypermetropic  patients  are  apt  to  have  the 
curious  habit  of  finding  relief  by  pressing  the 
inner  canthi  with  their  forefingers.  It  only 
remains  to  add  that  ocular  headaches,  hypersemia 
of  the  lids,  and  sometimes  even  blepharitis,  are 
kept  up  by  hypermetropia. 

^  The  disc  of  rods  is  obtainable  from  Messrs.  Curry 
and  Paxton,  195  Gt.  Portland  Street,  togetlier  with  scales 
for  placing  behind  the  flame  in  order  to  measure  the 
deviation  in  degrees. 
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Myopia  exists  whenever  the  antero-posterior 
axis  of  the  eyeball  is  too  long  for  the  focal  length 
of  the  eye.  Pencils  of  light  must  enter  the  eye 
divergent  if  they  are  to  be  focussed  on  the 
retina  of  a  myopic  eye.  Compare  what  is  said 
about  Fig.  7.  There  are,  optically  considered, 
four  kinds  of  myopia — 

{a)  From  abnormal  suspension  of  the  lens. 

(6)  From  densification  of  nucleus. 

(c)  From  the  shape  of  the  cornea. 

{d)  From  elongation  of  the  globe. 

The  first  is  well  known  as  a  transitory 
consequence  of  a  blow  on  the  eye,  and  is  then 
termed  traumatic  myopia.  Probably  the 
suspensory  ligament  is  stretched  by  the  blow, 
and  allows  tlae  lens  to  come  forward  a  little 
until  its  elasticity  is  re-established.  It  may 
also  allow  the  anterior  surface  of  the  lens  to 
assume  an  abnormal  rotundity. 

Possibly  a  similar  myopia  may  exist  from 
defective  development  of  the  zonule  apart  from 
traumatism. 

The  second  is  freqiiently  met  with  up  to  3  or 
4  D,  or  sometimes  much  higher,  in  the  early 
stages  of  nuclear  cataract. 

The  third  is  the  least  considerable  class,  and 
is  discovered  when  the  ophthalmometer  shows 
the  cornea  to  be  strongly  curved.  Care  should 
be  taken  not  to  overlook  a  low  degree  of  conical 
cornea. 

The  fourth  kind  of  myopia  is  by  far  the 
commonest.  In  low  degree  it  sometimes  occurs 
in  a  purely  developmental  form,  the  eye  being 
simply  larger  than  usual  in  all  its  dimensions. 
Happily  in  these  cases  the  liquid  pressure 
within  the  eye  (which  is  generally  about  that 
of  a  inch  of  mercury)  is  less  than  usual.  Were 
it  not  so  the  short  sight  would  be  almost  certain 
to  increase,  in  virtue  of  the  simple  hydrostatic 
law,  to  be  remembered  in  this  connection,  that 
for  a  given  pressure  per  unit  area  the  strain 
on  the  coats  is  proportionate  to  the  number  of 
unit  areas  exposed  to  the  pressure.  It  is  very 
likely  that  some  of  the  myopias  which  are 
assumed  to  be  developmental  because  of  the 
uniform  enlargement  of  the  eye  are  also  really 
stretched  eyes,  for  a  study  of  hydrophthalmos 
and  infantile  glaucoma  shows  that  the  eyes  of 
children  are  more  distensible  in  all  diameters, 
whereas  those  of  (at  any  rate  myopically 
predisposed)  adults  are  more  distensible  at  the 
posterior  pole.  One  reason  for  this  is,  that  the 
more  careful  and  prolonged  inspection  of  near 
objects,  which  comes  with  growing  years,  re- 
quires greater  action  of  the  extra-ocular  muscles, 
which  support  the  globe  everywhere  except  at 
the  posterior  pole,  where  the  muscular  cone 
leaves  it  to  be  supported  only  by  retrobulbar 
fat. 

Unlike  hypermetropia,  myopia  is  the  rarest 
thing  in  infancy,  and  generally  does  not  show 
itself  till  between  eight  and  twelve  years  of  age. 
The  educational  period  of  life  from  twelve  to 
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eighteen  is  the  most  dangerous  for  its  increase, 
since  it  requires  prolonged  convergence  of  the 
eyes  upon  near  objects,  with  more  or  less 
stooping,  and  often  in  an  atmosphere  which  is 
not  favourable  to  the  vital  i-esisting  power  of  a 
fibrous  structure  like  the  sclera. 

Cohn  has  shown  that  short  sight  is  rarer  in 
the  country  than  in  towns,  in  elementary 
schools  than  in  advanced  schools,  in  both  than 
in  the  universities,  in  the  lower  forms  of  a 
school  than  in  the  higher,  and  in  the  lower 
classes  of  society  than  in  the  higher. 

The  indications  are  obvious  : — 

(1)  To  correct  the  refractive  error,  in  order 
to  prevent  stooping  and  to  lessen  the  con- 
vergence. 

(2)  To  see  that  school-rooms  are  well  lighted 
and  ventilated. 

(3)  To  have  desks  and  seats  adjustable  to 
the  height  of  each  several  scholar,  according 
to  well-defined  rules. 

(4)  To  use  books  well  printed  on  unglazed 
paper,  and  to  teach  bold,  upright  writing. 

(5)  To  discourage  long  evening  work,  and 
bookworm  habits  out  of  school  hours,  and  to 
forbid  impositions. 

(6)  To  start,  if  possible,  special  schools,  or 
separate  departments  in  schools,  for  short- 
sighted children,  with  modes  of  teaching  adapted 
to  give  a  useful  education  with  the  minimum 
strain  on  the  eyes.  It  is  hardly  fair  to  expect 
the  methods  of  an  ordinary  school  to  be  altered 
for  the  benefit  of  a  small  minority,  or  to  allow 
unsound  eyes  to  compete  with  sound  ones.^ 

(7)  To  exchange  sedentary  habits  for  fresh 
air  and  exercise,  and  to  guard  against  inactivity 
of  the  liver  and  primee  vife,  which  have  a 
deleterious  effect  on  short  sight. 

(8)  During  the  attacks  of  choroidal  conges- 
tion, to  give  up  near  work,  and  advise  suitable 
medical  treatment. 

(9)  To  avoid  working  the  eyes  under  condi- 
tions of  bodily  fatigue,  or  with  insufficient 
food. 

Returning  to  the  first  of  these  indications, 
there  is  no  doubt  that,  except  in  higher  patho- 
logical cases  (of  which  more  anon),  the  full 
optical  correction  constantly  worn  is  the  best 
treatment  in  the  case  of  young  myopes,  and 
afl:brds  the  greatest  security  against  much 
progress  of  the  affection. 

An  exceptioia  to  this  has  to  be  made  in  the 
case  of  children  whose  calling  in  life  would  be 
seriously  compromised  by  the  wearing  of  glasses  ; 
army  candidates,  for  instance,  may  be  advised  to 
abjure  glasses  altogether  until  medical  examina- 
tion is  over,  since  their  use  undoubtedly  leads 
to  forgetfulness  of  that  ingenious  dexterity  of 
unravelling  the  details  of  hazy  objects  acquired 
by  nearly  all  uncorrected  myopes. 

1  An  attempt  in  this  direction  has  been  made  near 
Oxford  by  Mr.  Doyne,  and  is  being  made  in  Bournemouth 
by  the  writer. 
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Donders  was  the  first  to  point  out  that 
though  glasses  for  distant  vision  are  a  luxury, 
it  is  for  near  vision  they  should  be  considered 
a  necessity,  however  much  the  child  may  prefer 
to  be  without  them.  If,  however,  we  slightly 
under-correct  children,  who  love  to  see  objects 
clearly,  we  shall,  as  Jackson  observes,  tempt 
them  to  look  obliquely  thi'ough  their  glasses 
in  order  to  see  better,  and  thus  by  straining 
their  muscles  and  introducing  the  astigmatic 
eifect  of  oblique  lenses,  derive  more  harm  than 
good  from  their  spectacles.  To  make  sure  of 
not  exceeding  the  full  correction  in  myopes  who 
possess  an  active  accommodation  is  by  no  means 
easy,  and  a  mydriatic  is  more  often  necessary  in 
myopia  than  in  hypermetropia,  except  when  we 
decide  to  under-correct,  as  we  may  do  in  people 
who  will  not  misuse  their  glasses.  Since  by  the 
exercise  of  accommodation  objects  can  be  seen 
with  equal  distinctness  through  lenses  which 
over-correct  the  myopia,  great  care  should  be 
taken  to  select  the  toeakest  glass  that  gives  full 
distant  vision. 

This  rule,  it  will  be  remembered,  is  the  oppo- 
site of  that  for  presbyopia,  where  the  strongest 
convex  glass  had  to  be  chosen. 

When  glasses  are  taken  to  for  the  first  time 
by  adults,  it  is  generally  needful  to  prescribe  a 
reading  pair  weaker,  by  ID  or  more,  than  the 
distant  pair.  In  presbyopia  combined  with 
myopia  the  reading-glass  should  be  weakened 
by  the  amount  of  presbyopia. 

There  are  cases  of  congested  choroid  and  ir- 
ritable retina  in  which,  during  the  greater  part 
of  the  day,  it  is  inadvisable  to  wear  glasses  at 
all,  since  myopic  haze  gives  the  retina  more  rest 
than  the  continual  appeal  of  well-seen  objects. 
Such  cases  are  liable  to  periodical  attacks  of 
congestion  of  the  eyes,  due  not  only  to  their 
over-use,  but  also  to  a  constitutional  disturbance 
not  yet  fully  understood,  and  it  is  particularly 
at  these  times  that  the  myopia  increases  and 
the  greatest  dangers  are  run  of  choroiditis  or 
ha3morrhage  at  the  macula.  It  is  to  aggravated 
cases  of  this  kind  that  the  name  malignant 
myopia  is  applied.  The  ophthalmoscopic  ap- 
pearances are  described  in  their  own  section  of 
this  work. 

In  prescribing  glasses  for  high  myopia  two  or 
three  precautions  are  necessary.  The  first  is  to 
remember  that  the  spectacle  lenses  will  be  worn 
nearer  the  eye  than  the  lenses  in  the  trial  frame, 
and  thus  will  over-correct  the  defect  if  the  trial 
lenses  exactly  correct  it.  A  glance  at  Fig.  6 
will  show  that  a  lens  exactly  corrects  a  myopic 
eye  when  its  principal  focus  coincides  with  the 
far  point.  When,  however,  the  same  lens  is 
brought  nearer  the  eye,  its  principal  focus  lies 
within  the  far  point,  so  that  the  light  enters  the 
eye  with  a  greater  divergency  than  is  required 
to  correct  the  myopia. 

This  excess  of  divergency,  though  overcome 
by  the  patient's  accommodation,  induces  eye- 


strain all  the  more  for  that  very  reason.  A 
slight  deduction,  therefore,  must  be  made  from 
the  trial  lens  in  proportion  to  its  distance  from 
the  eye  and  also  in  proportion  to  its  strength. 
Thus  a  subtraction  of  0"5D  may  be  necessary 
from  a  5D  trial  lens,  of  ID  from  a  lens  of  lOD, 
and  of  2D  from  a  lens  of  20D,  or  possibly  even 
more.  Another  precaution  is  to  adjust  the 
centres  of  strong  lenses  so  as  to  give  the  most 
easy  inclination  of  the  visual  lines  to  each  other. 
The  stronger  a  lens  the  greater  is  its  prismatic 
effect  on  the  visual  line,  when  this  line  does 
not  pass  through  the  optical  centre.  A  simple 
way  of  solving  this  problem,  in  the  case  of 
glasses  prescribed  for  distance  only,  is  to  place 
the  disc  of  glass  rods  in  the  trial  frame,  already 
filled  with  its  lenses,  and  adjust  the  breadth  of 
the  frame  till  a  distant  flame  appears  to  coin- 
cide with  the  streak.  The  recorded  distance 
between  the  lens  centres  may  then  be  prescribed 
unless  it  should  be  at  all  extraordinary. 

Since  the  range  of  accommodation  is  shifted 
in  myopia,  by  the  patient's  far  point  being 
nearer  than  infinity  as  in  emmetropia,  the  near 
point  lies  nearer  the  eye,  and  its  recession  does 
not  embarrass  the  patient  till  later  in  life,  and 
in  the  case  of  high  myopia,  never. 

Presbyopia. — Presbyopia  is  the  physiological 
age-element  that  creeps  in  with  every  variety 
of  refraction,  and  depends  on  gradual  lessening 
of  the  range  of  accommodation  from  recession  of 
the  near  point.  It  is  due  to  decreasing  elasti- 
city of  the  lens,  supplemented  in  later  life  by 
atrophy  of  the  ciliary  muscle.  The  condition 
does  not  receive  the  name  of  presbyopia  until 
the  nearest  point  for  comfortable  reading  begins 
to  recede  beyond  the  distance  at  which  books 
and  papers  are  generally  held.  In  healthy 
emmetropia  this  begins  about  the  age  of  forty- 
five,  and  is  evidenced  by  the  necessity  of  remov- 
ing near  work  to  a  rather  greater  distance  from 
the  eyes  than  formerly,  and  later  still  by  the 
expedient,  which  the  patient  discovers  for  him- 
self, of  allowing  a  quantity  of  light  to  enter  the 
eyes  while  reading  in  order  to  contract  the 
pupil  and  thus  increase  the  definition  of  the 
retinal  pictures  in  the  same  way  that  a  small 
stop  sharpens  the  definition  of  an  imperfectly 
focussed  camera.  The  healthy  emmetrope  would 
generally  require  about  a  -v  0'5D  lens  to  correct 
his  presbyopia  at  forty-five  years  of  age,  -|-  0'75D 
at  forty-seven,  -l- ID  at  fifty,  +1-5D  at  fifty- 
five,  2-25D  at  sixty,  3D  at  sixty-five,  3-5D  at 
seventy,  and  after  seventy-five  from  4  to  6D, 
according  to  the  generally  more  or  less  dim- 
inished acuity  of  vision  from  senile  changes. 

But  it  is  always  better  to  test  the  patient's 
near  point  both  binocularly  and  monocularly,  as 
already  described,  to  make  sure  that  the  glasses 
prescribed  make  it  lie  well  within  the  distance 
at  which  his  calling  in  life  requires  his  work  to 
be,  and  which  of  course  differs  in  different 
occupations.    If  the  distance  of  the  near  point 
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be  measured  with  a  dioptric  tape,  the  range  of 
accommodation  can  be  read  off  in  dioptres,  and 
Landolt's  plan  for  correcting  presbyopia  is  to 
reckon  two-thirds  of  this  range  available  for  con- 
tinuovis  work,  and  add  thereto  the  refractive  aid 
necessary  to  bring  this  two-thirds  up  to  the 
patient's  work.  For  example,  if  a  patient's  near 
point  lie  ^  metre  away,  his  range  of  accommoda- 
tion consists  of  three  dioptres,  of  which  two  are 
available  for  constant  work.  Were  his  work, 
therefore,  to  lie  at  |  metre  habitually,  he  would 
not  need  glasses,  but  were  it  to  lie  at  ^  metre, 
he  woiild  need  lenses  of  1 D.  Mistakes  are  more 
often  made  by  prescribing  glasses  too  strong 
than  too  weak,  since  Bonders  rather 
over-estimated  the  requirements  of 
the  different  periods  of  life. 

In  hypermetropic  subjects  pres- 
byopia becomes  manifested  earlier 
in  life,  since  part  of  the  range  of 
accommodation  at  its  far  end  is  ab- 
sorbed in  neutralising  the  refractive 
error,  leaving  only  the  remainder 
available  for  near  work.  The  cor- 
rections specified  above  for  each  age 
in  emmetropia  should  therefore  theo- 
retically be  added  to  the  lens  which 
corrects,  the  hypermetropia,  but 
actual  measurement  of  the  near  point 
to  confirm  this  should  not  be  omitted. 

In  myopia,  presbyopia  appears 
later  in  life  unless  glasses  are  worn 
constantly,  in  which  case  the  reading 
pair  should  have  an  abatement  of 
strength  from  the  distant  pair  equal 
to  the  lens  that  would  be  required  at 
the  same  period  of  life  in  an  emme- 
trope.  It  will  be  seen,  therefore,  that 
while  a  hypermetrope  of  ID  will  re- 
quire a  lens  of  about  2 '250  at  fifty 
years  of  age,  a  myope  of  ID  will 
scarcely  need  a  glass  at  all  at  that 
age,  though  at  sixty  years  he  will 
need  about  +  1-5D. 

Astigmatism. — Two  kinds  are  re- 
cognised clinically  —  irregular  and 
regular.    The  former  is  caused  by 
such  defects  as  corneal  nebulae,  corneal  facets, 
unequal  refractive  indices  of  the  sectors  of  the 
lens,  and  in  short  irregularities  of  any  unsys- 
tematic kind  in  cornea  or  lens.    It  is  incapable 
of  correction,  except  partially  by  the  employ- 
ment of  a  stenopseic  slit  or  aperture. 

Regular  astigmatism  is  of  two  kinds,  corneal 
and  lenticular,  of  which  the  former  is  by  far 
the  most  important.  The  latter  is  apt  to 
neutralise  the  former  in  measure,  and  it  is 
mostly  due  to  tilting  of  the  lens.  Corneal 
astigmatism  exists  when  the  part  of  the  cornea 
employed  for  direct  vision  is  spheroidal  instead 
of  spherical,  or  when  it  is  more  strongly  curved 
in  one  meridian  than  in  any  other. 

The  vertical  meridian  is  generally  that  of 


maximum,  and  the  horizontal  that  of  minimum, 
curvature.  This  astigmatism,  therefore,  is 
called  "according  to  the  rule."  When  the 
reverse  is  the  case  the  most  strongly  curved 
meridian  is  approximately  horizontal,  and  this 
condition  has  received  the  name  of  "perverse 
astigmatism,"  since  it  is,  with  a  measure  of 
truth,  supposed  to  give  rise  to  asthenopia  more 
frequently  than  the  other  kind,  and  to  require 
correction  more  fully.  The  fact  that  a  low 
degree  of  ordinary  astigmatism  exists  physio- 
logically in  almost  every  eye  helps  to  confirm 
this  belief. 

Estimation    of    Astigmatism.  —  Retinoscopy 


Fig.  12.— Ophthalmometer  (as  made  by  Pfister  and  Streit). 

{q.v.)  is  more  serviceable  for  the  detection  of 
astigmatism  than  for  any  other  error  of  refrac- 
tion. 

Another  valuable  objective  method  is  fur- 
nished by  the  ophthalmometer.  As  arranged 
by  Helmholtz,  it  was  suitable  for  physiological 
investigations  only,  but  the  later  instrument  of 
Javal  and  Schiotz  is  more  suited  for  taking 
clinical  observations.  It  consists  essentially  of 
a  telescope  (Fig.  12),  directed  towards  the 
patient's  eye,  and  provided  internally  with  a 
doubling  apparatus  which  produces  two  images 
of  the  cornea  looked  at.  The  telescope  bears 
two  arms  which  support  white  figures  on  a 
black  ground,  one  of  which  is  cut  out  in  little 
steps  (Fig.  13).    To  use  the  instrument  these 
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figures  are  placed  in  a  strong  light,  that  the 
reflections  from  the  cornea  may  be  studied,  the 
arms,  to  begin  with,  being  horizontal.  Since 
each  figure  (or  mire,  as  it  is  called)  appears 
doubled  on  the  patient's  cornea,  four  reflections 
are  seen,  of  whicli  two  lie  close  together.  One 
mire  is  then  moved  until  its  margin  appears  to 
touch  that  of  the  other.  The  curvature  of  the 
meridian  may  now  be  read  oft"  from  the  instru- 
ment, and  if  after  rotating  the  arms  through  a 
quarter  of  a  circle  the  mires  still  touch,  there  is 
no  astigmatism.    Should  they  overlap  (Fig.  14), 


Fig.  13. 

it  shows  the  second  meridian  to  be  more  strongly 
curved  than  the  first,  and  to  possess  as  many 
additional  dioptres  of  refractive  power  as  there 
are  steps  in  the  overlapping.  Should,  however, 
the  mires,  instead  of  overlapping,  have  moved 
farther  apart,  the  second  meridian  is  the  less 
curved  of  the  two,  and  after  bringing  the  mires 
together  again,  the  arms  should  be  swung  round 
once  more  to  the  first  meridian  to  count  the 
overlapping  there.  Should  one  mire  appear 
displaced  tangentially  with  reference  to  the 
other,  it  shows  that  the  meridians  of  maximum 
and  minimum  curvature  are  oblique,  and  the 
arms  should  be  swung  round  till  the  tangential 
displacement  is  corrected.  One  of  the  two 
required  meridians  is  now  found,  and  the  other 
is  at  right  angles  to  it. 

But  after  all  has  been  said,  the  most  service- 
able tests  for  intelligent  patients  are  the  sub- 
jective ones,  and  all  others  should  be  supple- 
mented by  it.  We  may  divide  subjective  tests 
into  type-tests  and  line-tests.  For  the  former, 
Snellen's  test-types  are  used,  at  a  distance  of 
6  metres,  while  lenses  are  manipulated  before 
the  eye.  The  best  lens  to  begin  with  in  an  eye 
approximately  emmetropic,  or  after  correcting 
H  or  M  as  nearly  as  may  be,  is  a  -  0"5D  Cyl., 
after  placing  a  trial  frame  on  the  face  with  an 
obturator  {i.e.  an  opaque  disc)  before  the  other 
eye.  If  this  lens  affects  vision  equally,  with 
axis  placed  first  horizontal  and  then  vertical, 
there  is  no  antigmatism,  unless  of  the  oblique 
kind.  The  next  step,  therefore,  is  to  place  the 
same  lens  with  axis  at  45°  on  one  side  of  the 
vertical,  and  then  axis  at  1.35°  on  the  other 
side.  Whenever  better  vision  is  obtained  with 
the  axis  in  any  one  position  than  in  a  position 
perpendicular  to  it,  astigmatism  is  detected 
The  lens  is  now  to  be  rotated  till  the  best  position 
of  the  axis  is  obtained,  and  then  left  in  position 
while  other  minus  cylindrical  lenses  of  increasing 
strength  are  tried  in  succession  before  it,  with 


Fig.  14. 


their  axes  in  line  with  its  axis,  till  the  maximum 
acuity  of  vision  is  reached.  But  during  this 
process  care  should  be  taken  to  try  the  effect, 
at  intervals,  of  weak  convex  sphericals,  and  if 
vision  is  improved,  or  even  made  no  worse  by 
them,  they  should  be  adopted,  and  be  associated 
with  the  cylinder  in  the  trial  frame.  Moreover, 
the  exact  inclination  of  the  axis  should  be  con- 
firmed as  the  examination  proceeds,  since  with 
increasing  strength  of  cylindrical  correction  the 
exact  placing  of  the  axis  becomes  more  delicate 
and  easy.  Finally,  a  weak  Cyl.  of  -0'25D  (or 
a  Jackson's  lens,  which 
consists  of  a  weak  +  Cyl. 
combined  with  a  weak 
-  Cyl.  at  right  angles  to 
each  other)  should  be 
placed  alternately  "  axis 
with  "  and  "  axis  against  " 
the  previously  found  cor- 
rection. If  these  two  posi- 
tions affect  vision  equally  the  astigmatism  is 
properly  corrected,  and  the  other  eye  can  be 
proceeded  with  in  like  manner. 

Ujider-Correction  of  Astigmatism. — It  is  my 
impression  that  astigmatism,  whether  myopic, 
mixed,  or  hypermetropic,  should  be  slightly  ^ 
under-corrected,  to  allow  play  for  the  variable 
element,  for  though  the  mass  of  the  astigmatism 
remains  unchanged,  there  is  a  kind  of  fluctuating 
margin,  like  the  ebb  and  flow  of  the  tide,  de- 
pendent on  varying  tone  and  contraction  of  the 
eyelids.  This  interesting  subject,  which  has 
been  specially  studied  by  George  Bull  and 
Greorge  Berry,  deserves  a  longer  account  than 
the  scope  of  this  article  allows. 

Line-tests. — Only  the  best  of  these  need  be 
mentioned,  namely,  first,  those  which  consist  of 
a  group  of  radiating  lines,  as  exemplified  in 
Snellen's  "  Sunrise,"  or  the  well-known  "  clock  "  ; 
and,  second,  those  consisting  of  one  or  more 
gi'oups  of  parallel  lines.  A  single  group  can  be 
rotated  on  the  wall,  or  several  groups  of  lines 
running  in  difl'erent  directions  may  be  placed 
near  each  other  on  a  stationary  card.  A  very 
good  example  of  the  last,  to  which  my  attention 
was  called  by  Mr.  Lionel  Laurence,  is  made  by 
the  "  Montreal  Optical  Company."  We  may, 
however,  select  the  "clock"  to  illustrate  the 
principle  of  all  other  line-tests.  In  this,  twelve 
narrow  bands,  each  consisting  of  three  parallel 
lines,  radiate  from  a  centre.  After  excluding 
one  eye  of  the  patient,  and  placing  the  clock 
6  metres  off,  the  weakest  minus,  or  strongest 
plus,  spherical  lens  should  be  selected  which 
only  just  allows  one  diameter  to  be  distinct. 
One  meridian  of  the  eye  has  now  been  made 
I  emmetropic,  namely,  that  which  is  at  right 

^  The  advice,  which  the  reader  may  have  met  with, 
to  choose  the  weakest  minus  cylinder,  or  the  strongest 
plus  cylinder,  which  gives  best  visual  acuity  is  based  on 
an  obvious  fallacy.  The  weakest  of  either  should  be 
chosen. 
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angles  to  the  binghtest  ray.  All  that  remains 
is  to  appose  minus  cylinders,  with  their  axes 
at  right  angles  to  the  brightest  ray,  till  we  find 
the  one  which  makes  rays  at  right  angles  to  the 
originally  brightest  one  equally  bright  also. 

It  is  prudent  not  to  be  content  with  this, 
but  to  make  a  final  appeal  to  the  distant  test- 
types,  for  which  it  will  often  be  found  that  a 
slightly  weaker  cylinder  is  best,  and  I  have 
even  met  with  a  case  now  and  then  in  which 
a  slight  diff'erence  of  axis  is  preferred.  When 
such  discrepancies  occur,  it  appears  probable 
that  the  line-test  is  more  strictly  true,  but  that 
the  type-tests  indicate  the  lens  which  it  is  ex- 
pedient to  prescribe,  at  least  for  a  time.  In 
testing  the  second  eye,  it  saves  time,  in  view 
of  the  pi-edilection  which  As.  displays  for  bi- 
lateral symmetry,  to  commence  with  lenses 
similar  to  those  already  found  for  the  first 
eye. 

Estimation  of  Refraction.  —  Though  this 
has  been  dealt  with  under  each  heading,  the 
following  general  order  of  procedure  may  be 
described  : — 

Having  glanced  at  the  patient's  eyes  to  see 
whether  they  are  deep  set  and  with  contracted 
pupils,  as  in  emmetropia ;  or  whether  they  are 
prominent  and  with  large  pupils,  as  in  myopia ; 
and  whether  the  eyelids  look  tired  or  drawn, 
and  the  forehead  frowning,  as  in  refractive 
asthenopia  ; — the  outer  canthus  of  each  eye  may 
be  drawn  back,  while  the  eye  is  made  to  look 
strongly  in  the  opposite  direction  to  observe 
whether  the  side  of  the  globe  is  short  and 
strongly  curved  as  in  hypermetropia,  or  with 
a  long  gradual  curve  as  in  myopia.  The  ten- 
sion of  the  eye  should  be  tested  as  a  matter  of 
habit  to  observe  the  normal  variations.  The 
visual  acuity  both  in  distant  and  near  vision 
(see  ai't.  on  Visual  A.)  should  next  be  recorded, 
and  the  near  point  measured.  Next,  one  of  the 
two  chief  objective  tests  should  be  applied — 
retinoscopy  (q-v.),  or  ophthalmometry.  The 
latter  is  described  a  little  farther  on.  The 
patient  should  now  be  seated  at  a  measured 
distance  of  5  to  6  metres  from  the  distant  test- 
types,  with  a  trial  frame  on  his  face  beai'ing 
the  correction  already  found,  and  with  a  circular 
vulcanite  disc,  called  an  obturator,  in  front  of 
one  eye.  The  best  trial  frames  have  obturators 
hinged  on  to  them  so  that  they  cannot  be  lost. 
The  defect  of  all  trial  frames  which  the  writer 
is  acquainted  with  is  that  they  admit  distract- 
ing side-lights  to  the  patient's  eyes.  It  would 
be  better  were  they  provided  with  side  screens. 
The  objective  finding  for  each  eye  should  be 
confirmed  by  the  apposition  of  weak  -1-  and  — 
spherical  and  cylindrical  lenses,  and  the  axis  of 
a  cylinder  be  carefully  adjusted,  since  its  position 
sometimes  differs  during  attention  of  the  eye 
from  that  which  it  occupies  when  the  eye  is 
disengaged,  as  during  retinoscopy.  The  visual 
acuity  then  obtained  shoiild  be  made  a  note  of. 


Should  no  objective  test  have  been  made  first, 
the  procedure  may  be  as  follows  : — 

A.  Covering  one  eye  with  the  obturator,  test 
the  vision  of  the  naked  eye  by  the  distant  test- 
types.  Should  the  visual  acuity  be  practically 
perfect,  myopia  cannot  be  present,  nor  high 
astigmatism.  It  remains,  therefore,  to  test  for 
H  or  low  As.  To  do  the  first,  a  very  weak  and 
then  a  stronger  convex  lens  may  be  put  up 
before  the  eye.  If  the  legibility  of  the  lower 
distant  types  is  impaired  by  a  +0-25D,  and 
almost  abolished  by  a  +  0"75I)  lens,  there  is  no 
manifest  H.  Should  the  legibility  be  unaiFected 
by  either  of  these  lenses,  put  up  stronger  ones 
till  the  highest  power  is  reached  that  does  not 
distinctly  impair  legibility.  This  lens  measures 
the  manifest  H  (Hn,). 

B.  Should,  however,  the  visual  acuity  of  the 
naked  eye  have  been  poor  at  first,  the  case  may 
be  one  of  myopia.  Try,  therefore,  a  rising 
series  of  concave  lenses  till  the  weakest  is  foimd 
that  affords  the  best  obtainable  vision. 

C.  Next,  test  for  astigmatism,  by  directing 
attention  to  a  line-chart  with  any  previously 
found  myopia  slightly  under-corrected,  or  hyper- 
metropia over-corrected.  If  lines  in  some 
certain  direction  stand  out  moi-e  boldly  than 
others,  proceed,  as  already  described  under 
"Astigmatism,"  by  putting  up  concave  lenses, 
with  axes  perpendicular  to  these  bold  lines,  till 
the  lines  are  made  equally  bright  in  all  direc- 
tions, and  then  confirm  the  result  by  the  test- 
types.  If  two  consecutive  cylmdey-s  appear 
to  have  the  same  effect,  retain  the  weakest^ 
whether  -f  or  -  .  From  this  remark  it  will  be 
seen  that  the  rule  for  the  strongest  convex  and 
weakest  concave  does  not  apply  to  cylinders, 
but  only  to  spherical  lenses. 

To  summarise,  if  the  naked  eye  has 

A.  Full  visual  acuity.    There  is  either 

(a)  Emmetropia,  or 

(6)  Hypermetropia  (facultative),  or 

(c)  Low  astigmatism. 

B.  Poor  visual  acuity.    There  is  either 

(a)  Myopia,  or 

(6)  High  hypermetropia  (not  fully 
neutralised  by  accommodation), 
or 

(c)  Astigmatism. 
Prisms  and  the  Decentering  of  Lenses. — 
It  is  sometimes  desirable  to  combine  a  prism 
with  a  lens,  especially  in  hyperphoria  (q.v.)  or 
for  diplopia.  The  simple  rule  may  be  made 
that  a  prism  appears  to  drive  the  image  seen 
through  it  in  the  direction  of  its  "  edge "  or 
"apex."  If  a  simple  mnemonic  metaphor  may 
be  permitted,  the  image  flies  before  the  edge  of 
the  sword.  If  strong,  the  prism  should  be 
divided  between  the  two  eyes.  The  prismatic 
result  can  be  obtained  by  decentering  a  lens, 
the  rule  being  that  for  each  degree  of  pi-ismatic 
effect  desired,  the  lens  should  be  decentered 
by  a  distance  equal  to  If  cm.,  divided  by  the 
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number  of  dioptres  in  the  lens.  As  regards 
the  direction  of  decentering,  since  the  thinnest 
part  of  a  concave  lens  is  at  its  centre,  this 
centre  should  be  displaced  in  the  direction  of 
the  thinnest  part  or  apex  of  the  required  prism, 
the  reverse  being  the  case  with  a  convex  lens, 
for  since  its  centre  is  its  thickest  part  it  should 
be  displaced  in  the  direction  of  the  base  of  the 
required  prism.  A  scale  constructed  by  the 
writer  for  the  measurement  of  hyperphoria  is 
obtainable,  with  directions  thereon  as  to  the 
amount  of  decentering  that  is  necessary  to 
correct  any  defect. 

It  is  evidently  important  in  all  cases  of 
decentering  to  know  what  point  to  decenter 
from ;  in  other  words,  to  know  the  exact 
distance  between  the  eyes,  and  whether  one  eye 
is  higher  than  the  other.  Numerous  pupillo- 
meters  exist  for  this  purpose.  The  most 
accurate  are  those  that  require  the  patient  to 
look  at  a  distant  object  through  two  pin-holes, 
but  this  requires  too  much  intelligence  for  most 
patients.  The  pupillometers  in  ordinary  use, 
which  allow  the  prescriber  to  take  the  measure- 
ment, are  subject  to  errors  from  parallax,  since 
they  secure  no  fixed  point  of  view  for  the 
examiner's  eye.  The  "localiser"  is  free  from 
this  defect,  and  also  has  the  advantages  that  it 
can  measure  the  interpupillary  distance  in 
squinters  just  as  easily  as  in  ordinary  cases,  and 
can  measure  the  distance  of  each  eye  from  the 
middle  of  the  nose,  and  the  elevation  of  one 
pupil  over  the  other.  It  is  made  in  metal  to 
fit  the  trial  frame,  and  is  placed  just  before  one 
eye  and  then  another,  enabling  the  observer  to 
"  sight "  the  patient's  pupil  as  along  a  gun, 
while  his  own  pupil  is  looked  at  by  the  patient. 
A  slight  modification  of  this  instrument  is  now- 
made,  since  it  has  occurred  to  the  writer  to 
utilise  an  ophthalmoscopic  reflection  from  the 
cornea  for  measuring  the  distance  between  the 
visual  lines,  this  reflection  appearing  to  him  to 
afford  by  far  the  most  rational  landmark  for  the 
purpose,  since  it  marks  out  more  closely  than 
any  other  the  very  spot  of  the  cornea  traversed 
by  the  visual  axis.  All  errors  from  high  angle 
gamma,  too,  are  thus  avoided.^  All  that  is 
necessary  is  to  adjust  the  trial  frame  with  the 
localiser  in  it,  till  the  reflection,  the  notch,  and 
the  point  are  all  in  a  line.  It  is  only  for  strong 
lenses  and  special  cases  that  such  accuracy  is 
required,  and  for  ordinary  work  the  usual 
pupillometers  suffice. 

Refractive  Headaches. — The  eff"ort  of  ac- 
commodation in  H,  or  its  embarrassment  in  As, 
is  very  apt  to  give  rise  to  a  species  of  "  referred 
pain  "  of  a  dull  and  continuous  character,  which 
may  vary  from  a  slight  heaviness  over  the  eye- 
brows to  a  more  distressing  widespread  head- 
ache.   In  either  case  an  area  of  tenderness  may 

'  The  angle  gamma  is  the  angle  between  the  fixation 
line  and  the  geometrical  axis  of  the  eyeball.  It  is 
greatest  in  hypermetropia,  and  least  in  myopia. 


be  found,  sometimes,  if  sought  for,  after  reading, 
just  over  the  root  of  the  nose.  Sometimes  the 
headache  itself  is  confined  to  the  sa6ie  spot,  but 
more  often  it  is  over  each  eyebrow.  Occipital 
headache  is  by  no  means  a  rare  accompaniment, 
but  more  generally  implies  either  fatigue  of  the 
cerebral  visual  centres  or  defects  of  the  extra- 
ocular muscles.  Headache  in  one  or  both 
temples,  or  at  the  vertex,  is  more  rarely  of 
ophthalmic  origin. 

Refractive  headaches  are  at  first  only  disposed 
to  occur  towards  the  end  of  long  spells  of  reading 
or  fine  work,  but  when  more  pronounced  the 
subject  wakes  with  them  in  the  early  morning. 
Gradual  relief  sets  in  during  the  morning  hours, 
but  evening  work  again  aggravates  the  dis- 
comfort. In  contrast  to  this  daily  headache  we 
often  meet  with  cases  in  which  migrainous  head- 
aches, more  or  less  periodical,  are  set  up  by 
refractive  errors,  with  freedom  from  any  pro- 
nounced headache  in  the  intervals.  Headaches 
sometimes  cease  entirely  from  the  first  day  the 
correcting  glasses  are  adopted,  but  more  fre- 
quently it  takes  a  few  weeks  to  get  sufficiently 
accustomed  to  their  novelty  to  obtain  their  full 
benefit. 

Simple  myopia  never  causes  headaches,  though 
a  myopic  eye  is  sometimes  the  seat  of  congestive 
neuralgia.  A  curious  feature  about  astigmat- 
ism is  that  low  degrees  are  just  as  liable  to 
cause  headaches  as  the  higher  degrees,  and 
especially  if  the  principal  meridians  are  oblique, 
or  if  the  horizontal  meridian  of  the  cornea  is 
more  strongly  curved  than  the  vertical.  It 
often  only  begins  to  give  trouble  about  the  age 
of  thirty,  and  refractive  headaches  nearly  always 
begin  to  die  away  after  the  age  of  fifty.  "  Head- 
ache spectacles  "  should  be  worn  continuously  to 
get  the  best  eff"ect. 

Refrig'erantS. — Cooling  drinks,  such  as 
lemonade,  imperial,  etc.,  used  in  fevers  and 
febrile  conditions  to  relieve  thirst.  See  Pharma- 
cology. 

Refrig'era.tion. — A  means  of  preserving 
food-stuff's,  such  as  meat,  by  freezing. 

Refuse.  See  Sewage  and  Drainage  {Ex- 
creiiient  and  Ref  use  Disposal). 

Reg^eneration. — The  restoration  or  re- 
pair of  lost  parts  such  as  nerve.  See  Physi- 
ology, Tissues  {Neurons,  Nutrition  of). 

Reg'imen. — A  system  of  rules  as  to  diet 
and  hygiene  imposed  upon  a  sick  person  (Lat. 
regimen,  government). 

Reg'iO  or  Regrion. — A  part  or  district 
of  the  abdomen,  such  as  one  of  the  abdominal 
areas  (epigastric,  umbilical,  hypogastric,  etc.). 
See  Gynaecology,  Diagnosis  in  {Inspection  of 
Abdomen,  Regions  of). 
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Reg^ional  Anatomy.— The  study  of 

the  anatomy  of  the  various  regions  of  the  body 
as  regards  the  relations  of  the  structures  in  any 
given  region  to  each  other. 

Reg^istration.  See  Vital  Statistics 
(Births,  Deaths,  Sickness). 

R  e  g'  i  U  S.  —  Literally  the  term  means 
"  royal  " ;  e.g.  a  regius  chair,  i.e.  a  professorship 
having  a  royal  endowment. 

Regrnault's  Hygrometer.— An  ap- 
paratus for  ascertaining  the  dew-point.  See 
Meteorology  [Hygrometry,  Dew). 

Regulation  of  Heat.  See  Physi- 
ology, Nutrition  (Absorption  of  Food,  Produc- 
tion and  Regulation  of  Temperature). 

Regurgitation.  See  Heart,  Myocar- 
dium AND  Endocardium  {Physical  Signs  of 
Different  Forms  of  Heart  Disease,  Aortic  a7id 
Mitral  Incompetence). 

Reichert's  Cartilage.— The  hyoid 

bar  of  the  second  visceral  arch  of  the  embryo. 

Reichert's  Method. — A  means  of 

demonstrating  the  crystals  of  oxyhsemoglobin  in 
the  blood  by  laking  it  with  ether  and  adding 
from  1  to  5  per  cent  of  oxalate  of  ammonium. 

Reich  I'S  Test.— A  method  of  detecting 
the  presence  of  proteids  in  solution  by  adding 
alcoholic  solution  of  benzaldehyde,  sulphuric 
acid,  and  solution  of  ferric  sulphate,  producing 
a  deep  blue  colour. 

Reich  man  n's  Disease.— A  form  of 

dyspepsia  in  which  there  is  an  intermittent  or 
continuous  increased  secretion  of  gastric  juice, 
generally  hyperacid  in  reaction,  irrespective  of 
the  presence  of  food  in  the  stomach.  See 
Stomach  and  Duodenum  (Special  Symptomat- 
ology of  Gastric  Neuroses). 

Reid'S  Line. — An  imaginary  line  drawn 
backwards  from  the  lower  margin  of  the  orbit 
through  the  centre  of  the  external  auditory 
meatus  is  called  Reid's  base  line ;  it  is  used  in 
cranio-cerebral  topography,  as  are  also  two 
vertical  lines  related  to  it. 

Reil,  island  of.— One  of  the  lobes  of 
the  cerebrum,  lying  on  a  deeper  plane  than  the 
others,  and  hidden  by  the  opercula,  but  visible 
if  the  fissure  of  Sylvius  be  opened  up.  See 
Brain,  Physiology  of  (Anatomical). 

ReinSCh'S  Test.  — -SVe  Toxicology 
(Arsenic,  Tests). 

Reissner's  Membrane. —  A  thin 

membrane  in  the  membranous  labyrinth  of  the 
ear,  limiting  the  ductus  cochlearis ;  membrana 
vestibularis. 
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See  also  Parotid  Gland,  Disorders  of  (Parot- 
itis, a  Complication  of  Relapsing  Fever) ;  Micro- 
organisms (Bacteria,  Spirillum). 

Synonyms. — Typhus  recurrens,  Famine  fever, 
Spirilltim  fever ;  French,  Fievre  a  rechute ; 
German,  Armen-typhtis. 

Definition. — An  acute  infectious  fever,  char- 
acterised by  the  presence  of  a  spiral  micro- 
organism in  the  blood,  by  a  rapid  onset  and 
defervescence,  and  by  a  repetition  of  the  fever 
after  a  week's  apyrexia. 

History. — There  seems  to  be  no  doubt  that 
this  fever  is  one  of  the  diseases  described  by 
Hippocrates,  although  his  description  would 
appear  to  include  cases  which  may,  with  more 
probability,  be  referred  to  other  conditions. 
Singularly  enough,  however,  it  is  not  till  1739 
that  we  find  an  account  of  an  epidemic  of  re- 
lapsing fever.  Rutty  at  that  date  giving  an 
accurate  description  of  it,  though  he  did  not 
distinguish  it  definitely  from  other  fevers  prev- 
alent in  Dublin  at  that  time.  The  disease 
seems  to  have  been  frequently  prevalent  in  Ire- 
land, and  particularly  so  in  the  first  sixteen 
years  of  the  nineteenth  century.  In  most  cases 
its  epidemic  prevalence  coincided  with  that  of 
typhus,  a  fact  which  prevented  a  definite  dis- 
tinction between  the  two  fevers  being  made  till 
Henderson,  of  Edinburgh,  finally  separated  them 
in  1843,  after  both  diseases  had  been  epidemic 
for  over  two  years.  Since  that  time,  as  far  as 
this  country  is  concerned,  relapsing  fever  has 
been  of  rare  occurrence,  the  last  cases  in  Great 
Britain  occurring  in  1869-70,  although  cases  are 
reported  as  having  occurred  in  Ireland  since 
that  date. 

As  regards  geographical  range,  the  fever  may 
apparently  exist  in  any  climate.  It  has  been 
during  the  nineteenth  century  fairly  common  in 
Northern  Europe,  very  prevalent  in  Silesia,  and 
is  still  to  be  found  in  Russia.  It  has  also  been 
of  frequent  occurrence  in  the  famine  districts  of 
India.  On  various  occasions  it  has  appeared  in 
North  America,  and  its  presence  has  also  been 
noted  in  Algeria. 

Etiology. — Relapsing  fever  has  a  particular 
interest  in  that  it  is  caused  by  a  micro-organism 
belonging  to  the  group  of  protozoa.  This 
organism  is  a  spirillum,  long  and  slender,  and 
of  varying  length  (16  to  40  (jl),  pointed  at  the 
ends,  and,  as  Koch  has  succeeded  in  demonstrat- 
ing, provided  with  true  flagella.    In  fresh  blood 
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it  is  actively  motile,  and  attention  may  be  drawn 
to  it,  on  microscopical  examination,  by  the 
manner  in  which  the  blood  corpuscles  are  moved 
violently  aside  by  its  rapid  movements.  It 
stains  readily  with  the  ordinary  basic  aniline 
dyes,  and  may  be  searched  for  either  in  fresh 
blood,  or  by  fixing  blood  on  a  cover-glass  in  the 
ordinary  manner,  washing  in  1  per  cent  acetic 
acid,  and  afterwards  in  water,  and  then  staining 
with  gentian  violet. 

The  spirillum  is  present  in  the  blood  during 
the  whole  of  the  primary  attack,  and  also 
during  the  relapses.  In  the  apyrexial  intervals, 
however,  it  is  not  to  be  found,  but  the  experi- 
ments of  MetschnikofF  have  proved  that  they 
may,  during  this  period,  be  present  in  masses  in 
the  spleen. 

The  vitality  of  the  spirilla  may  be  preserved 
for  a  considerable  period,  provided  they  are 
not  exposed  to  heat,  as  a  comparatively  low 
temperature  is  sufficient  to  destroy  them.  All 
attempts  to  cultivate  them  on  artificial  media 
have  failed,  and  the  inoculation  experiments 
performed  on  monkeys  have  been  done  with  the 
blood  of  a  patient  suffering  from  the  disease. 
Monkeys  so  inoculated  develop  large  numbers 
of  spirilla  in  the  blood,  and  have  a  fever  of 
short  duration,  terminating  by  crisis,  but  not 
followed  by  a  relapse.  The  evidence  at  present 
is  distinctly  in  favour  of  the  spirillum  which  is 
known  as  the  Spiy-ochoete  Obermeieri  (its  dis- 
coverer in  1873)  being  the  real  cause  of  the 
disease. 

The  more  remote  causes  which  favour  the 
occurrence  of  an  outbreak  of  relapsing  fever, 
and  increase  the  chances  of  its  spread,  are  said 
to  be  destitution  and  famine.  Indeed  the 
latter  condition  has  given  the  fever  one  of  its 
most  frequently  used  names.  Overcrowding 
naturally  favours  the  spread  of  any  infective 
disease,  and  as  this  fever  has  been  most  fre- 
quently observed  among  the  poorer  classes,  it  is 
only  natural  to  find  conditions  of  overcrowding 
almost  always  associated  with  epidemics.  In- 
sufficiency of  food  may  only  be  a  cause  in  that 
it  naturally  weakens  the  resistance  of  the 
exposed  person.  In  the  outbreak  in  1869  both 
Rabagliati  in  Bradford  and  Muirhead  in 
Edinburgh  noted  that  their  patients  were  all 
sufficiently  well  nourished.  All  agree  that,  for 
some  reason  or  other,  males  are  more  frequently 
affected  than  females.  As  regards  age,  the  fever 
is  a  disease  of  early  life. 

Mode  of  Infection.  —  The  most  common 
method  by  which  infection  occurs  is  direct 
contact  with  a  person  suffering  from  the  disease. 
Entering  a  badly  ventilated  room  in  which  a 
patient  is  lying  is  sufficient  to  cause  infection. 
As  in  typhus,  therefore,  infection  would  appear 
to  be,  to  some  extent,  conveyed  by  the  air,  and 
to  be  contained  in  the  exhalations  of  the 
patient.  Murchison  has  noted  that  women 
working  in  hospital  laundries  frequently  con- 


tract the  disease,  and  we  may  therefore  assume 
that  the  poison  may  be  carried  by  fomites. 

Morbid  Anatomy. — Except  for  the  usual 
microscopic  conditions  resulting  from  pyrexia, 
there  is  nothing  to  be  found  on  post-mortem 
examination.  Nothing  characteristic  or  pathog- 
nomonic has  been  observed  in  fatal  cases.  The 
spleen  is  always  much  enlarged. 

Symptoms  and  Course. — The  'period  of  in- 
cubation appears  to  be  very  variable.  In  certain 
cases  the  disease  seems  to  develop  within  a  few 
hours  of  exposure  On  an  average  five  to  ten 
days  may  be  taken  as  the  most  probable  time, 
though  occasionally  the  period  is  prolonged  to  a 
fortnight. 

The  first  paroxysm  commences  abruptly,  the 
patient  being  suddenly  seized  with  rigors,  often 
severe,  pains  in  the  back  and  limbs,  headache 
most  marked  in  the  vertex  and  occiput,  and  by 
a  marked  sensation  of  giddiness.  This  last 
symptom  usually  compels  him  to  take  to  his 
bed  at  once.  The  temperature  rises  rapidly, 
and  in  a  few  hours  may  rise  to  anything  be- 
tween 102  and  106  degrees,  even  higher  figures 
being  occasionally  recorded.  The  skin  is  dry 
and  hot,  and  the  patient  at  this  stage  is  usually 
flushed,  though  even  in  the  first  twenty-four 
hours  the  skin  may  present  the  yellow  tinge 
which  is  characteristic  of  this  fever.  The  pulse 
is  rapid,  and  is  usually  raised  above  110, 
occasionally  reaching  140  beats  per  minute 
before  the  end  of  the  second  day.  As  the  fever 
progresses  the  tongue  becomes  covered  with  a 
thick  yellow  fur,  but  in  the  majority  of  cases  it 
remains  moist.  Delirium  may  set  in  early,  but 
is  as  a  rule  delayed  for  two  or  three  days. 

The  temperature  remains  high  during  the 
paroxysm,  morning  remissions  being  only  slight. 
A  level  of  about  104°  seems  a  fair  average. 
The  respiration  becomes  hurried,  and  frequently 
exceeds  thirty.  Cough  is  a  common  symptom, 
and  auscultation  reveals  rhonchi  and  harsh 
breathing.  The  patient  is  tormented  by  exces- 
sive thirst,  and  frequently  suffers  from  severe  and 
persisting  vomiting  of  greenish  yellow  matter. 
Jaundice  is  common,  and  nearly  every  case 
presents  a  distinct  icteric  tinge  in  the  con- 
junctiva. The  liver  is  enlarged  and  tender,  and 
the  spleen  is  also  increased  in  size.  The  bowels 
are  as  a  rule  constipated.  In  bad  cases  the 
patient  may  be  conge^ed,  or  livid  in  the  face. 
A  certain  percentage  of  cases,  apparently,  show 
a  rose-rash  on  the  trunk  and  limbs.  The  spots 
resemble  small  typhoid  spots,  though  their 
distribution  is  more  apt  to  suggest  typhus. 
They  do  not  disappear  on  pressure. 

After  from  five  to  seven  days  of  continued 
fever  the  paroxysm  terminates  as  abruptly  as 
it  started,  by  a  remarkably  sharp  crisis.  It 
may  be  ushered  in  by  slight  diarrhoea,  and  is 
always  accompanied  by  very  profuse  sweating. 
The  fall  of  the  temperature  may  be  as  much 
as  10°  Fahr.  in  twenty-four  hours,  and  may 
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continue  till  the  thermometer  registers  only  94 
or  even  92  degrees. 

After  the  crisis  the  patient  enters  on  the 
"first  period  of  apyrexia,"  or  the  "  inter- 
mission." All  the  symptoms  of  the  previous 
week  have  disappeared.  A  man  who  a  day  or 
two  previously  has  been  absolutely  helpless, 
delirious,  possibly  in  the  "typhoid  state," 
declares  himself  quite  well,  and  is  with  difficulty 
persuaded  to  remain  in  bed.  But  on  about 
the  fourteenth  day  of  the  disease,  that  is  to  say, 
roughly  speaking,  a  week  after  the  crisis,  the 
relapse  starts  as  suddenly  as  did  the  original 
fever. 

The  relapse,  or  second  paroxysm,  except  that 
it  is  usually  a  day  or  two  shorter  in  duration, 
is  simply  a  repetition  of  the  first  paroxysm. 
Once  again  the  fever  commences  with  rigors, 
headache,  and  giddiness,  and  the  temperature 
rapidly  rises.  The  pulse  is  often,  if  anything, 
more  rapid  than  in  the  first  attack,  but  this 
appears  to  have  little  significance,  Rabagliati 
having  noted  pulses  of  even  160  in  favourable 
cases.  The  thirst,  jaundice,  and  vomiting  may 
be  as  bad  as  ever,  but,  broadly  speaking,  the 
relapse  is,  as  a  rule,  slightly  less  severe  than 
the  first  paroxysm.  The  patient  usually  voids 
a  greater  quantity  of  urine  than  in  his  first 
attack,  and  this  increase  is  most  frequently 
noticed  just  before  the  crisis,  one  of  Muirhead's 
patients  having  passed  84  oz.  in  the  twenty-four 
hours. 

The  second  crisis  is  in  every  way  comparable 
to  the  first.  The  temperature  falls  with  equal 
rapidity,  and  the  sweating  may  be  even  more 
severe,  sudaminal  rashes  being  of  common 
occurrence.  Subnormal  temperature  for  some 
days  after  is  the  rule,  and  there  may  be  a 
considerable  amount  of  prostration. 

The  second  period  of  apyrexia,  which  usually 
coincides  with  the  period  of  convalescence,  is  now 
reached.  Occasionally  there  may  be,  however, 
a  second  or  even  a  third  relapse.  If  such  is 
the  case,  the  symptoms  are,  as  a  rule,  milder. 
The  convalescence  is  at  times  protracted  and 
interrupted  by  complications. 

Complications  and  Sequels.  —  Pharyngitis 
is  a  common  complication.  Vomiting  and 
diarrhoea  may  be  so  severe  as  to  assume 
the  importance  of  complications.  Bronchitis 
is  not  uncommon,  and  occasionally  pneumonia 
has  been  noticed,  ffidema  glottidis  and  laryn- 
gitis are  also  met  with.  Epistaxis  is  frequently 
observed.  Delirium  is  most  frequently  seen 
just  before  the  crisis,  but  occasionally  persists 
through  the  whole  fever.  Insomnia  is  of 
common  occurrence.  The  most  important 
sequela  is  ophthalmia,  which  seems  very  liable 
to  occur  in  convalescence.  Glandular  enlarge- 
ments in  the  neck,  groin,  and  parotid  are  not 
unusual. 

Diagnosis. — The  most  certain  method  is 
microscopic,    the   detection   of   the  spirillum 


settling  the  question  finally.  Apart  from  this, 
diagnosis  depends  on  the  presence  of  an 
epidemic,  on  a  sudden  onset  of  high  fever,  with 
giddiness,  slight  jaundice,  and  vomiting,  and 
on  the  marked  crisis.  The  fever  is  most  likely 
to  be  confused  with  influenza,  typhus,  and 
malaria.  The  occurrence  of  the  relapse  removes 
any  difficulty. 

Prognosis. — This  may  be  said  to  be  uniformly 
favourable  except  in  old  persons  and  complicated 
cases.  The  death-rate  seldom  exceeds  6  per 
cent.  Severe  diarrhoea,  marked  jaundice,  and 
excessive  prostration  are  the  worst  symptoms. 

Treatment. — It  seems  to  be  generally  agreed 
that  there  is  nothing  which  influences  the 
course  of  relapsing  fever.  All  that  can  be 
done  is  to  treat  symptoms  and  complications 
as  they  arise.  A  tonic  treatment  with 
strychnine  or  mix  vomica  has  been  recom- 
mended. Insomnia  should  be  appropriately 
combated.  Quinine  and  other  drugs  have  been 
tried  without  success  with  a  view  of  preventing 
the  relapse. 

Rela.X£ltion. — Reduction  of  tension  or 
contraction  {e.g.  muscular),  or  loosening  {e.g. 
relaxation  of  the  pelvic  joints). 

Relig^iOUS  Insanity.  See  Insanity, 
Nature  and  Symptoms  {Systematic  Delusions, 
Religious). 

Remak's  Ganglion.— A  plexus  of 

nerves  in  the  wall  of  the  sinus  venosus  of  the 
heart.  See  Physiology,  Circulation  {Heart, 
Intra-cardiac  M echanism) . 

Remak's  Sign. — The  double  sensation 
resulting  from  the  prick  of  a  pin,  experienced 
in  tabes  dorsalis. 

Remak's  Type  (of  Paralysis).— 

Paralysis  affecting  the  muscles  of  the  arm 
(deltoid,  biceps,  brachialis  anticus,  supinator 
longus). 

Remission. — The  period  during  which 
there  is  a  temporary  abatement  of  the  symptoms 
of  a  disease,  especially  of  the  fever  accompanying 
malaria. 

Remittent    Fever.     See  Malaria 

{Nomenclature)  ;  Tropics,  Unclassed  Fevers 
OF  {Non-Malaricd  Remittent  Fever) ;  Undulant 
Fever  {Synonyms). 

Remote  Action.  — The  indirect  or 
secondary  effect  of  a  drug,  that  which  is  the 
result  of  the  primary  or  direct  action  of  it ;  thus 
convulsions  are  a  remote  effect  of  curare,  the 
drug  causing  in  the  first  place  paralysis  of  the 
respiration. 

Renal. — Relating  to  the  kidneys  ;  e.g.  7-enal 

asthma,  renal  calculi,  renal  cirrhosis,  etc.  See 
Kidney,   Physiology   of  ;   Kidney,  Surgical 
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Affections  of  ;  Nephritis.  See  also  Alcohol 
{Special  Physiology,  Renal  Functions) ;  Alcohol 
{Indications,  Renal  Diseases) ;  Anesthesia, 
Ether  {Ether  and  Renal  Disease) ;  Angina 
Pectoris  {Diagnosis,  Renal  Calculus) ;  Appendix 
Vermiformis  {Api^endicitis,  Diagnosis) ;  Ascites 
{Causation) ;  Asthma  {Origiii) ;  Children, 
Clinical  Examination  of  {Urinary  System); 
Colic  {Diag7iosis) ;  Gall-Bladder  and  Bile 
Ducts,  Diseases  of  {Neu>  Growths,  Diagnosis) ; 
Gangrene  (Septic) ;  Gout  {Irregular,  Renal 
System) ;  HiEMATURiA ;  Hydropathy  {Chronic 
Diseases,  Bright) ;  Hysteria  {Disorders  of  Urin- 
ary Sy stein) ;  Ovaries,  Diseases  of  {Tumours, 
Diagnosis) ;  Retina  and  Optic  Nerve  {State  of 
Retinal  Vessels  in  Renal  Disease) ;  Spleen, 
Surgery'  of  ( Wandering  Spleen,  Diagnosis) ; 
Stomach  and  Duodenum,  Diseases  of  {General 
Etiology,  Renal  Causes) ;  Stools,  Intestinal 
Sand  (Diagnosis) ;  Tabes  Dorsalis  (Symptomat- 
ology, Renal  Crises) ;  Therapeutics,  Health 
Resorts  (Climate,  Effect  on  Kidney  Disease) ; 
Typhoid  Fever  (Complications,  Urino-Geni- 
tal) ;  Unconsciousness  ;  Urine,  Pathological 
Changes  in  ;  Visceral  Pain  (Radiation). 

Rendu'S  Type. —A  type  of  tremor  met 
with  in  hysteria ;  it  is  increased  by  volitional 
movements. 

Reniform. — Kidney-shaped. 

Renipuncture.  — Puncture  of  the 
capsule  of  the  kidney.    See  Decapsulation. 

Renk'S  Method. — A  method  of  esti- 
mating the  amount  of  ground  air  in  the  soil, 
by  placing  the  soil  (measured  quantity)  in  a 
graduated  glass  vessel,  covering  it  with  water, 
and  shaking  it  till  the  air  is  all  expelled,  when, 
from  the  level  at  which  the  water  stands,  the 
amount  of  air  expelled  can  be  estimated. 

Rennes-les-Bains.  See  Balneology 
(France,  Chalybeate). 

Rennet.  See  Physiology,  Food  and 
Digestion  (Food  Supply,  Milk). 

Ren n in.  See  Physiology^,  Food  and 
Digestion  (Stomach,  Secretion,  Milk-curdling 
Ennyme) ;  Digestion  and  Metabolism  (Gastric 
Juice) ;  Enzymes. 

Repair.    See  Wounds  (Mode  of  Repair). 

ReperCOiation. — A  stage  in  the  pro- 
cess of  percolation  (q.v.). 

Repercussion.— Ballottement  in  the 
diagnosis  of  pregnancy  ;  literally,  striking  back 
again.    See  Pregnancy,  Diagnosis. 

Reposition. — Replacement,  e.g.  of  the 
reti'overtod,  invei-ted,  or  prolapsed  uterus  or 
cord.  See  Labour,  Accidental  Complications 
(Prolapse  of  Cord,   Treatment) ;   Labour,  In- 


juries to  Generative  Organs  (Inversion  of 
Uterus,  Treatment) ;  Pregnancy,  Affections  of 
Generative  Organs  (Displacements  of  Gravid 
Uterus,  Prolapsus,  in  Hernial  Sac,  Retroversioii, 
etc.) ;  Uterus,  Displacements  of  the  (Treat- 
ment). 

RepOSitor. — An  instrument  for  replacing 
an  inverted  uterus  or  a  prolapsed  cord,  etc. 

Reproductive    Org^ans.  See 

Generation,  Female  Organs  of  ;  Ovaries  ; 
Penis  ;  Scrotum  and  Testicles  ;  Uterus  ;  etc., 
with  their  Cross  References. 

Reptiiia.  See  Heart,  Physiology  of 
(Comparative  Anatomy,  Reptilian) ;  Heart, 
Congenital  Malformations  op  (Defect  of 
Interventricular  Sep  turn) . 

Resection. — An  operation  in  which  parts 
are  cut  out ;  e.g.  resection  of  a  joint,  submucous 
resection  of  the  nasal  septum,  etc.  See  Joints, 
Diseases  of  (Tuberculous  Disease,  Operative 
Treatment). 

Reserve  Air.  See  Physiology,  Res- 
piration (Amount  of  Air  Respired) ;  Respira- 
tion (Physiology). 

Residual  Air.  See  Physiology,  Res- 
piration (Amount  of  Air  Respired) ;  Respira- 
tion (Physiology). 

Resin. — Resina  or  rosin  is  the  residue  left 
after  cnide  turpentine  has  had  the  oil  of 
turpentine  distilled  from  it ;  it  contains  abietic 
acid  (q.v.),  and  there  are  two  official  prepara- 
tions (Emplastrum  Resince  and  Unguentum  Res- 
ince) ;  it  is  used  as  an  application  for  indolent 
ulcers  and  wounds,  sometimes  in  the  form  of  a 
soap.    See  also  Oils  ;  Oleo-Resins. 

Resistance.  xS'ee Electricity;  Immunity 
(Power  of  Resistance  to  Bacter^ia). 

Resonance.  See  Chest,  Clinical  In- 
vestigation of  (Percussion,  Auscultation) ;  Lung, 
Tuberculosis  op  (Physical  Signs). 

Resorcin. — A  colourless  crystalline  anti- 
septic (Cj;H^(0H)2),  so  called  because  it  was 
originally  obtained  from  resin  and  because  it 
resembled  orcin  ;  it  is  a  dihydroxybenzene,  and 
is  isomeric  with  pyrocatechin  and  hydroquinone  ; 
it  is  chiefly  used  as  an  ointment  in  chronic  skin 
diseases  (e.g.  eczema). 
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See  also  Alcohol  (^Special  Physiology,  Respira- 
tion) ;  An/ESTHESIa  {Arrest  of  Respiration) ; 
Asphyxia  (Resuscitation) ;  Asthma  {Symptoms)  ; 
Brain,  Affections  of  Blood- Vessels  {Anaemia, 
Symptoms ;  Occlusion  of  Vessels,  Symptoms ; 
Cheyne- Stokes  Respiration)  ;  Brain,  Surgery 
of  {Compression,  Symptoms ;  Cerehral  Abscess, 
Symptoms) ;  Brain,  Tumours  {Localising  Sym- 
ptoms, Respiration) ;  Chest,  Clinical  Investiga- 
tion OF  {Respiration) ;  Children,  Clinical  Ex- 
amination OF  {Respiratory  System) ;  Climate 
{Effect  on  Respiration) ;  Hemoptysis  {Treatment, 
Artificial  Respiration) ;  Hemiplegia  {Respiratory 
Movements) ;  Hysteria  {Disorders  of  Respiratory 
Organs) ;  Labour,  Stages  and  Duration  {Second 
Stage,  Phenomena) ;  Larynx  {Laryngeal  Stridor 
and  Laryngismus  Stridulus) ;  Lungs,  Diseases 
OF ;  Lymphatic  System  {Status  Lymphaticus) ; 
Meningitis,  Tuberculous  {Respiratory  Symp)- 
toms) ;  Meteorology  {Influence  on  Health) ; 
Physiology,  Respiration  ;  Pneumonia  {Sytnp- 
toms);  Pulse;  Shock  (Treatment) ;  Stammering 
(Treatme7it) ;  etc. 

Absorption  of  oxygen  and  elimination  of  carbon 
dioxide,  two  conditions  essential  for  the  main- 
tenance of  the  vitality  of  every  animal  organism, 
together  constitute  the  process  of  respiration. 
In  all  the  higher  animals  there  is  (a)  external 
respiration,  the  interchange  between  the  gases 
of  the  blood  and  those  of  the  water  or  air, 
whereby  0  is  absorbed  and  CO^  eliminated,  and 
(b)  internal  respiration,  the  interchange  between 
the  gases  of  the  blood  and  lymph  on  the  one 
hand  and  those  of  the  tissues  on  the  other,  the 
blood  thereby  gaining  CO2  and  parting  with  0. 
In  man  the  lungs  are  the  chief  seat  at  which  0 
is  taken  into  the  organism  and  at  which  CO2  is 
eliminated. 

The  visceral  layer  of  the  pleura,  covering  the 
outer  surface  of  the  lung,  is  in  intimate  contact 
with  the  parietal  pleura  forming  the  innermost 
layer  of  the  thoracic  wall.  The  lungs  them- 
selves are  highly  elastic,  and  from  the  time  of 
birth  onwards  are  distended  with  air.  But  if 
air  enter  the  pleural  cavity — in  which  there  is 
normally  a  state  of  negative  pressure — the  lung 
collapses  or  recoils  in  consequence  of  its  elasti- 
city, and  part  of  the  thorax,  formerly  filled  by 
distended  lung,  is  then  filled  with  air. 

In  respiration  there  is  an  alternating  indraw- 
ing  of  air  into  and  expulsion  of  air  from  the 
lungs,  these  processes  being  termed  respectively 
inspiration  and  expiration. 

Inspiration.  — As  the  intrapulmonary  pressure 
is  reduced  by  any  enlargement  of  the  thoracic 
capacity,  each  thoracic  expansion  will  be  followed 
by  the  drawing  of  air  through  the  trachea  and 
bronchi  into  the  lungs.  Inspiration  is  the  re- 
sult of  muscular  action  ;  contraction  and  con- 
sequent descent  of  the  diaphragm  increases  the 
vertical  diameter  of  the  thorax,  the  transverse 
diameter  of  which  is  enlarged  by  the  elevation 


and  rotation  outwards  of  the  ribs,  whilst  an 
increase  of  the  antero-posterior  diameter  is  due 
to  a  movement  upwards  and  outwards  of  the 
ribs,  costal  cartilages,  and,  it  may  be,  of  the 
sternum  also.  The  chief  muscles  of  ordinary 
inspiration  are,  apart  from  the  diaphragm,  the 
external  intercostals,  which,  on  contraction, 
elevate  all  the  ribs  except  the  first.  Less  im- 
portant inspiratory  muscles  are  the  intercartil- 
aginous  portions  of  the  internal  intercostals,  the 
scalenus  anticus,  serratus  posticus  superior,  and 
the  levatores  costarum.  Many  other  muscles 
may  act  as  muscles  of  forced  inspiration,  but  of 
these  the  most  important  are  the  sterno-mastoids, 
scaleni,  trapezei,  and  pectoral  muscles.  Thoracic 
expansion  during  inspii'ation  is  not  of  uniform 
character  in  all  persons.  In  young  children  in- 
spiration is  mainly  caused  by  the  diaphragm, 
the  type  of  respiration  being  termed  abdominal; 
in  men  respiration  is  mainly  of  the  diaphrag- 
matic or  abdominal  type,  whereas  in  women 
the  inspiratory  expansion  is  most  marked  in  the 
upper  part  of  the  thorax,  this  being  known  as 
thoracic  type  of  respiration. 

Expiration  under  ordinary  circumstances  is 
a  purely  passive  movement.  The  action  of  the 
inspiratory  muscles  having  ceased,  the  distended 
lung  partially  collapses,  and  in  doing  so  draws 
inwards  the  thoracic  wall,  which  moreover  tends 
to  return  to  the  state  prior  to  the  inspiratory 
movement  owing  to  the  elastic  recoil  of  the 
costal  cartilages,  to  the  action  of  gravity  acting 
on  the  chest  wall,  and  also  to  retraction  of  the 
abdominal  muscles.  In  emphysema,  deficiency 
or  loss  of  the  pulmonary  elastic  tissue  is  one  of 
the  main  causes  of  the  difficulty  in  expiration, 
and  of  the  consequent  permanent  over-distension 
of  the  lungs.  Forced  expiration  is  effected  by 
various  muscles,  of  which  the  most  important 
are  the  muscles  of  the  abdominal  wall ;  yet 
all  nniscles  which  depress  the  ribs  or  compress 
the  abdominal  viscera,  the  serratus  posticus  in- 
ferior, the  interosseous  portions  of  the  internal 
intercostals  and  the  sacro-lumbalis,  for  example, 
are  accessory  muscles  of  expiration. 

Respiratory  Rhythm  aiid  Rate. — In  normal 
respiration,  inspiration  and  expiration  succeed 
each  other  rhythmically,  and  the  length  of  time 
occupied  by  inspiration  in  relation  to  that  of  ex- 
piration is  on  an  average  represented  by  the 
ratio  5:6;  whilst  after  the  completion  of  expir- 
ation there  is  a  short  pause.  The  most  marked 
deviation  from  the  normal  respiratory  rhythm 
is  seen  in  Cheyne-Stokes  respiration  (see  p.  509). 
In  man  the  number  of  respiratory  movements 
per  minute  is  about  14-20;  but  even  within 
physiological  limits  the  frequency  of  respiration 
varies  greatly  in  accordance  with  such  factors 
as  age,  posture,  exercise,  and  so  forth,  the  fre- 
quency being,  for  example,  greater  in  infancy 
and  childhood  than  during  adult  life,  and  being 
decreased  in  any  individual  when  he  assumes 
the  recumbent  posture. 
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The  volume  of  air  inspired  during  each 
ordinary  inspiration,  tidal  air  as  it  is  termed, 
amounts  to  about  500  com.,  or  30  cubic  inches. 
Complemental  air  is  the  farther  volume  which 
by  the  deepest  inspiration  can  be  indrawn  after 
an  ordinary  inspiration  ;  mix'plemental  or  reserve 
air  is  the  vohune  which  can  be  forcibly  expelled 
after  ordinary  expiration  is  completed  ;  residual 
air  is  that  remaining  within  the  lungs  after  ex- 
pulsion of  the  reserve  air.  The  vital  or  respir- 
atory capacity  of  an  individual  is  the  volume  of 
air  which  he  can  expel  after  as  forcible  an  in- 
spiration as  possible.  The  vital  capacity  varies 
with  the  sex,  age,  height,  and  weight  of  the  in- 
dividual, but  averages  about  3500  c.cm.  to  4000 
c.cm. 

Changes  in  Respired  Air. — The  atmosphere 
consists  of  20'96  volumes  per  cent  of  oxygen, 
about  79"0  volumes  per  cent  of  nitrogen,  and 
0"03  volumes  per  cent  of  carbon  dioxide  ;  further, 
the  inspired  air  contains  a  variable  quantity  of 
watery  vapour,  usually  contains  dust  particles, 
and  always  contains  inicro-organisms  in  greater 
or  lesser  numbers  (see  p.  510).  The  air,  on 
passing  through  the  nose,  trachea,  and  bronchi, 
gains  moisture,  and  its  temperature  is  raised, 
and  by  diffusion  its  gases  then  mix  with  those 
of  the  air  persisting  in  the  pulmonary  alveoli. 
The  expired  air,  as  compared  with  that  inspired, 
is  warmer,  poorer  in  oxygen  by  about  4  per 
cent,  but  richer  by  about  4  per  cent  in  carbon 
dioxide,  and  richer  in  aqueous  vapour.  The 
chief  of  these  alterations  are  consequent  on  an 
interchange  between  the  gases  of  the  alveolar 
air  and  those  of  the  blood  in  the  pulmonary 
capillaries.  The  arterial  blood  of  man  contains 
about  21  volumes  per  cent  of  oxygen,  and  40 
volumes  per  cent  of  carbon  dioxide,  whilst 
venous  blood  coming  to  the  lungs  contains 
about  7-12  volumes  per  cent  less  0,  and  about 
8  volumes  per  cent  more  COg.  It  is  therefore 
evident  that  the  blood  in  passing  through  the 
lungs  gains  oxygen  and  parts  with  COo,  and 
this  interchange  of  gases  is  pi'obably  largely 
due  to  gaseous  diffusion.  For  the  tension  of 
oxygen  in  alveolar  air  is  greater  than  that  of 
the  oxygen  in  venous  blood,  whereas  the  tension 
of  carbon  dioxide  in  venous  blood  is  greater 
than  that  of  the  carbon  dioxide  in  alveolar  air. 
The  oxygen  is,  however,  not  merely  dissolved  in 
the  blood,  but  is  in  chemical  combination  with 
haemoglobin,  and,  moreover,  there  are  probably 
other  factors  besides  diffusion  concerned  in  the 
gaseous  interchange. 

The  Nervons  Mechanism  of  Respiration. — 
The  special  respiratory  muscles  are  innervated 
from  different  parts  of  the  central  nervous 
system.  The  diaphragm  is  innervated  through 
the  phrenic  nerves,  the  intercostal  muscles 
through  the  intercostal  nerves,  the  muscles 
which  open  the  glottis  through  the  inferior 
laryngeal  branches  of  the  vagus,  and  the  muscles 
of  the  alee  nasi  through  the  facial  nerves.  The 


impulses  transmitted  through  these  nerves  are 
dependent  upon  and  co-ordinated  by  the  respir- 
atory centre  which  is  situated  in  the  medulla 
oblongata.  The  precise  situation  in  the  medulla 
of  the  cells  constituting  this  centre  is  a  matter 
of  some  dubiety;  Flourens  in  1824  regarded 
the  centre  as  being  located  just  below  the  apex 
of  the  calamus  scriptorius,  but  the  observations 
of  later  investigators  indicate  that  the  cells 
forming  the  centre  lie  in  the  formatio  reticularis 
on  both  sides  of  the  median  line. 

The  activity  of  the  centre  is  automatic ;  it 
can  act  independently  of  any  afferent  impulses. 
It  is  generally  supposed  that  the  automatic 
activity  of  the  centre  is  dependent  on  stimuli 
derived  from  the  blood,  in  that  the  cells  are 
stimulated  to  activity  by  a  venous  condition  of 
the  blood,  but  whether  excess  of  carbon  dioxide 
or  deficiency  of  oxygen  be  the  determining 
factor  is  as  yet  undecided.  The  centre  may, 
however,  be  stimulated  reflexly  by  afferent 
impulses,  and  that  the  centre  is  constantly  being 
influenced  by  such  stimuli  is  shown  by  the  fact 
that  although  when  the  centre  is  cut  off  from 
all  afferent  impulses,  respiration  continues,  it 
consists  in  rhythmic  spasmodic  movements  the 
frequency  of  which  gradually  diminishes  till  the 
movements  finally  cease  entirely.  Of  all  afferent 
impulses  acting  on  the  respiratory  centre  the 
most  important  are  those  transmitted  by  the 
vagi,  these  nerves  being  essential  for  the  normal 
respiratory  i-hythm,  and  being  the  sole  nerves 
whereby  afferent  stimuli  are  constantly  reaching 
the  respiratory  centre.  After  division  of  both 
vagi,  the  respiratory  movements  become  markedly 
slow  and  deep,  and  it  has  been  determined  that 
the  nature  of  the  vagus  influence  is  that  of 
accelerating  and  shortening  the  amplitude  of 
the  respiratory  movements,  this  being  effected 
by  the  inhibitory  impulses  produced  by  disten- 
sion and  collapse  of  the  lung. 

When  the  superior  laryngeal  nerve  is  stimu- 
lated there  is  inhibition  of  the  inspiratory  move- 
ment, and  with  a  stronger  stimulus  forced  ex- 
piratory movements  are  induced. 

Stimulation  of  the  glossopharyngeal  nerve 
results  in  transient  cessation  of  respiration. 
This  is  a  constant  phenomenon  during  the  act 
of  deglutition. 

Stimulation  of  any  ordinary  sensory  nerve  is 
usually  followed  by  acceleration  and  lengthening 
of  inspiration,  a  well-known  fact  of  considerable 
clinical  importance. 

The  influence  exerted  on  the  respiratory  centre 
by  the  higher  parts  of  the  brain  is  as  yet  im- 
perfectly determined.  Still  it  is  improbable 
that  in  a  normal  state  such  impulses  are  con- 
stantly in  action,  for  if,  the  vagi  being  intact,  a 
section  be  made  through  the  upper  level  of  the 
medulla,  respiration  continues  in  a  normal 
manner.  If,  however,  the  vagi  also  be  divided, 
the  normal  respiratory  rhythm  is  markedly 
affected,  long  inspiratory  movements  alternating 
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with  prolonged  pauses,  and  the  animal  finally 
dies  of  asphyxia. 

If  from  any  cause  there  be  interference  with 
the  respiratory  movements,  or  if  there  be  ob- 
struction to  the  pulmonary  circulation,  or  should 
there  be  any  other  cause,  such  as  antemia,  for 
example,  interfering  with  the  interchange  be- 
tween the  gases  of  the  alveolar  air  and  those 
of  the  blood,  the  resulting  venous  state  of  the 
blood  increases  the  activity  of  the  respiratory 
centre.  The  rate  and  depth  of  the  respiratory 
movements  are  then  increased,  and  the  condition 
is  known  as  that  of  hyperpnoea.  Should  the 
venous  state  of  the  blood  increase  in  intensity, 
the  respiration  becomes  more  markedly  difficult, 
and  there  is  a  condition  of  dyspnoea  (q.v.),  which, 
should  the  cause  be  sufficiently  great  and  its 
period  of  duration  sufficiently  prolonged,  passes 
into  the  state  of  asphyxia  {vide  vol.  i.  p.  301, 
and  vol.  vi.  p.  259),  and  this  in  turn  may  cause 
death. 

In  contrast  to  dyspnoea  there  is  the  condition 
termed  apnoea,  in  which  the  respiratory  move- 
ments are  rendered  shallower  than  normal,  or 
brought  to  an  entire  standstill  as  the  result  of 
repeated,  forcible  inspirations.  Unless  the  vagi 
be  divided,  apnoea  is  not  due  to  excessive  oxy- 
genation of  the  blood  ;  when  these  nerves  are 
intact  the  apnoea  is  caused  by  the  repeated  in- 
spirations stimulating  the  inhibitory  fibres  of 
the  vagi. 

The  muscle  fibres  of  the  bronchi  are  innervated 
by  motor  fibres  of  the  vagus.  Stimulation  of 
the  peripheral  end  of  either  vagus  nerve  results 
in  constriction  of  the  bronchioles  of  both  lungs, 
whilst  if  the  vagi  be  intact,  stimulation  of 
sensory  nerves  also  causes  reflex  contraction  of 
the  bronchial  muscles.  Spasm  of  the  bronchial 
muscles  probably  causes  less  difficulty  in  the 
entrance  of  air  through  the  bronchioles  than  in 
exit  of  air  through  them,  and  such  spasm  is  the 
most  uniformly  accepted  explanation  regarding 
the  natvire  of  asthma  {q.v.). 

Cheyne-Stokes  Respiration.  —  In  disease 
considerable  variations  from  the  normal  respira- 
tory rhythm  are  not  uncommon.  Firstly,  there 
may  be  undue  prolongation  of  inspiration  or  of 
expiration,  and  a  condition  of  inspiratory  or  of 
expiratory  dyspnoea  (q.v.).  Again,  the  respira- 
tions may  be  irregular,  and  the  irregularity  may 
be  rhythmical  or  arhythmical  in  character. 
Respiration  of  the  latter  type  is  common  in 
association  with  cerebral  affections.  In  cases  of 
cerebral  hsemorrhage  or  tumour,  for  instance, 
the  character  of  the  respiration  may  be  irregular, 
as  well  as  slow  and  sighing  or  stertorous ;  whilst 
in  the  later  stages  of  meningitis  there  is  often 
an  arhythmical  irregularity,  combined  with 
rapidity  and  shallowness  of  the  breathing. 

Of  rhythmical  irregularity  there  are  various  [ 
varieties.    Thus  the  respiration  may  be  inter- 
mittent, the  natural  rhythm  being  at  regular 
intervals  suddenly  interrupted  by  a  complete  | 


pause.    But  the  most  striking  variety  of  rhyth- 
mical irregularity  is  that  termed  Cheyne-Stokes 
respiration.    In  this  type  there  ai"e  two  alternat- 
ing phases,  the  first  one  being  that  of  apnoea, 
and  there  being  a  complete  cessation  of  respira- 
tory movements,  and  the  second  being  a  period 
of  gradually  increasing  and  then  gradually  de- 
creasing respiratory  activity.    At  the  commence- 
ment of  this  latter  phase  the  respiratory  move- 
ments are  feeble,  faint,  and  shallow,  but  each 
successive  respiration  becomes  fuller  and  more 
rapid  till  a  maximum  of  forcible  inspiration  and 
expiration  is  attained,  whereupon  the  rate  and 
force  of  the  subsequent  respiratory  movements 
gradually  decrease  until  the  breathing  becomes 
so  feeble  as   to  be   barely  appreciable,  and, 
finally,  there  is  complete  cessation  of  respiration. 
The  cessation  of  respiratory  movement,  or  the 
period  of  apnoea,  having  lasted  for  a  variable 
time,  the  respirations  commence  once  more  in 
the  manner  described.    The  duration  of  the 
respiratory  pause  is  usually  about  twenty,  rarely 
more  than  thirty  seconds,  the  period  of  activity 
lasts  as  a  rule  about  forty  or  forty-five  seconds, 
and  the  whole  cycle  extends  over  a  period  of  a 
minute  or  rather  more.     The  number  of  res- 
pirations occurring  during  the  period  of  activity 
is  subject  to  variation,  though  usually  about 
fifteen  or  twenty.     The  above  description  is 
that  of  typical  Cheyne-Stokes  breathing,  but 
frequently  rhythmical  irregularities  of  respira- 
tion do  not  conform  exactly  to  the  type,  and 
are  to  be  regarded  as  varieties  or  modifications 
of  Cheyne-Stokes  respiration. 

The  onset  of  Cheyne-Stokes  breathing  may 
be  sudden,  as  in  cases  of  cerebral  hajmorrhage 
or  of  head  injury,  but  is  usually  gradual  and 
insidious,  being  preceded  by  dyspnoea  and  a 
rhythmic  irregularity  of  respiration.  When 
once  developed,  however,  it  is  most  marked  if 
the  patient  be  kept  thoroughly  quiet  and  at 
rest,  or  if  he  be  asleep,  and  still  more  so  if  he 
be  unconscious. 

In  some  cases  the  pupil  is  contracted  during 
the  period  of  apnoea,  dilated  during  that  of 
dyspnoea,  but  in  other  instances  the  pupil  is 
uniformly  small.  In  some  cases,  further,  there 
is  an  increase  of  blood  pressure  with  retardation 
of  the  pulse  apparent  at  the  end  of  the  respira- 
tory pause,  becoming  more  marked  during  the 
period  in  which  the  respirations  are  increasing 
in  force,  and  disappearing  as  the  respiratory 
movements  become  feebler. 

Cheyne-Stokes  respiration  is  seen  as  a  symp- 
tom of  various  diseases.  It  is  more  frequently 
seen  in  association  with  urcBfuia  than  with  any 
other  condition  ;  it  may  occur  in  cases  of  acute 
nephritis,  but  is  exceedingly  common  as  one  of 
the  urfemic  phenomena  in  the  late  stages  of 
chronic  Bright's  disease,  whether  the  kidneys 
be  the  seat  of  chronic  parenchymatous  nephritis, 
or  whether  there  be  chronic  interstitial  changes 
with  arterio-sclerosis. 
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It  is  also  frequently  observed  in  cerebral  affec- 
tions such  as  tumours,  heemorrhage,  meningitis, 
etc. 

Cheyne-Stokes  respiration,  again,  is  often  de- 
veloped in  the  course  of  cardiac  disease,  usually 
in  cases  of  chronic  valvular  disease  with  as- 
sociated myocardial  degeneration  and  arterio- 
sclerosis, or  in  cases  of  primary  disease  of  the 
myocardium,  and  very  rarely  in  cases  of  acute 
cardiac  disease.  In  this  group  of  cases  the 
Cheyne-Stokes  respiration  is  probably  more 
directly  due  to  the  vascular  disease  than  to  any 
secondary  implication  of  the  kidneys. 

Lastly,  this  form  of  respiration  has  been  re- 
corded in  fatal  cases  of  sunstroke,  and  in  rare 
instances  in  connection  with  other  conditions. 
Whatever  be  the  morbid  condition  with  which 
the  Cheyne-Stokes  respiration  is  associated,  its 
occurrence  is  a  matter  of  serious  import ;  and 
though  it  does  not  invariably  imply  that  disease 
is  about  to  terminate  fatally,  yet  the  prognosis 
becomes  more  grave  than  it  would  otherwise 
have  been. 

The  explanation  of  Cheyne-Stokes  respiration 
has  been  the  subject  of  much  controversy. 
Traube's  theory  assumed  that  the  excitability 
of  the  respiratory  centre  is  reduced,  and  that 
CO,  is  present  in  excess  in  the  blood.  Filehne 
supposed  that  the  CO.,  accumulating  in  the 
blood  during  the  respiratory  pause  causes  stimu- 
lation of  the  vaso-motor  centre,  and  consequent 
arterial  contraction.  As  a  residt  the  blood  be- 
comes still  more  venous,  and  the  respiratory 
centre  is  then  gradually  awakened  to  activity, 
but  oxygenation  of  the  blood  being  effected  the 
activity  of  the  respiratory  centre  diminishes, 
and  consequently  the  rate  and  force  of  the 
respiratory  movements  are  reduced.  According 
to  Franck  the  irregularity  of  respiration  is  de- 
pendent on  impairment  or  inhibition  of  the  cere- 
bral control  exerted  on  the  respiratory  centre. 

Bacteriological  Aspects  of  Respiration. — 
As  has  been  already  stated,  the  air  always 
contains  micro-organisms.  The  majority  of 
these  are  probably  saprophytic  and  innocuous, 
and  need  not  be  considered  further.  Others, 
however,  are  pathogenic,  and  a  few  points  re- 
garding them  are  here  dealt  with.  These 
bacteria  exist  in  the  air  under  two  conditions  : 
firstly,  adherent  to  fine  dust  particles ;  and, 
secondly,  within  minute  fluid  droplets.  In  con- 
sidering what  risk  an  individual  incurs  by  the 
respiration  of  air  containing  bacteria  attached 
to  particles  of  dust,  it  must  be  remembered 
that,  although  bacterial  spores  and  tubercle 
bacilli  withstand  desiccation,  most  bacteria  do 
not  long  maintain  their  vitality  in  the  absence 
of  moisture.  The  inhalation  of  a  dust-laden 
atmosphere  is  in  itself,  therefore,  probably 
capable  of  causing  infection  only  when  there 
are  tubercle  bacilli  or  spores,  such  as  those  of 
the  B.  anthracis,  associated  with  the  dust 
particles. 


The  minute  fluid  droplets  which  contain 
bacteria  are  probably  more  dangerous  than  solid 
particles.  It  wasin  1897  thatFliigge  first  demon- 
strated that  phthisical  individuals  on  coughing 
set  free  minute  droplets  of  sputum  which  remain 
suspended  in  the  air ;  and  it  was  also  proved 
that  when  any  individual  coughs,  sneezes,  or 
speaks,  he  causes  the  liberation  from  the  secre- 
tions of  the  mouth,  nose,  or  pharynx  of  minute 
fluid  droplets  which  contain  bacteria.  These 
droplets  are  then  in  suspension  in  the  air,  and 
a  current  of  air  with  a  velocity  of  rather  less 
than  0-1  mm.  per  second  suffices  to  convey 
them  still  farther  from  the  individual.  Again, 
it  is  now  known  that  such  minute  droplets, 
being  inhaled,  whether  by  the  nose  or  mouth, 
may  be  carried  down  even  into  the  finest 
bronchi  by  the  current  of  inspired  air.  It  is 
therefore  evident  that  a  patient  affected  with 
respiratory  disease,  such  as  tuberculosis,  coryza, 
bronchitis,  or  influenza,  disseminates  in  his 
vicinity  droplets  containing  pathogenic  bacteria  ; 
and  it  is  also  evident  that  not  only  are  persons 
in  the  neighbourhood  of  that  patient  almost 
certainly  inhaling  those  bacteria,  but  that  the 
patient  himself  must  inhale  many  of  the  bacteria 
which  he  has  previously  set  free.  It  appears 
doubtful  whether  fluid  droplets  can  be  liberated 
from  the  tenacious  sputum  of  ordinary  croupous 
pneumonia. 

But  the  mere  inhalation  of  pathogenic  bacteria 
does  not  suffice  to  cause  infection,  for  the 
organism  is  well  provided  with  means  of  pro 
tection.  Large  numbers  of  the  inhaled  bacteria 
will  impinge  against  the  mucous  membrane 
of  the  nose  and  naso-pharynx,  the  former  of 
which,  at  least,  is  known  to  possess  marked 
bactericidal  power ;  and  such  bacteria  as  are 
carried  to  the  bronchi  will  likewise  be  destroyed, 
owing  to  the  bactericidal  power  inherent  in 
the  bronchial  mucous  membrane,  or  having 
impinged  on  the  cilia,  will  be  eliminated  during 
subsequent  expiratory  acts.  The  lower  parts 
of  the  normal  respiratory  tract,  therefore,  are 
not  invariably  sterile,  and  may  at  times  contain 
various  micro-organisms.  But  as  bacteria  enter- 
ing the  healthy  trachea  or  bronchi  of  man  are 
probably  quickly  destroyed,  these  portions  of 
the  respiratory  tract  and  also  the  pulmonary 
alveoli  may,  as  a  rule,  be  regarded  as  sterile, 
as  in  point  of  fact  they  are  usually  found  to 
be  in  the  smaller  animals.  If,  however,  there 
be  a  local  predisposition  to  disease,  or  if  the 
resistant  power  of  the  organism  be  reduced, 
pathogenic  bacteria  on  being  inspired  will  cause 
infection. 

Rest-Cure. — The  AVeir  Mitchell  treat- 
ment. See  Mitchell,  Weir  ;  Heart,  Myo- 
cardium AND  Endocardium  {Treatment,  Rest 
and  Exercise) ;  Stomach  and  Duodenum,  Dis- 
eases OF  {Treatment  of  Gastric  Neuroses) ; 
Ulcers  and  Ulceration  {Treatment). 
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Restiform.  —  Cord-like  (Lat.  restis,  a 
rope),  e.g.  the  restiform  body  of  the  medulla 
oblongata.  See  Physiology,  N euro-Muscular 
Mechanism  {Medulla  Oblongata,  Structure). 

Restitution,  Movement  of.— In 

obstetrics  this  term  is  applied  to  the  movement 
which  the  head  (or  other  presenting  part)  makes 
after  its  expulsion  from  the  vulva ;  it  carries 
the  occiput  back  to  the  side  of  the  maternal 
pelvis  where  it  lay  before  internal  rotation  took 
place.  See  Labour,  Diagnosis  and  Mechanism 
(^Presentations  of  the  Vertex). 

Resuscitation.  See  Asphyxia  {Re- 
suscitation) ;  Medicine,  Forensic  {Deaths  from 
Asphyxia). 

Retained   IVIenses.  —  Cryptomenor- 

rhoea.  See  Menstruation  and  its  Disorders 
{Retention  of  the  Menses). 

Retell ingf.  See  Anesthesia,  Chloro- 
form ( Vomiting  and  Retching) ;  Emetics  ; 
Physiology,  Food  and  Digestion  {Digestion  in 
the  Stomach,  Vomiting) ;  etc. 

Rete. — A  net-like  structure,  such  as  the 
rete  testis  of  the  testicle  and  the  rete  Malpighii 
of  the  skin. 

Retention.— The  holding  back  of  any- 
thing ;  e.g.  the  retention  of  ui'ine  {see  Micturi- 
tion), of  the  decidual  membranes  {see  Abor- 
tion), of  the  dead  foetus  {see  Pregnancy,  Intra- 
uterine Diseases  and  Death),  or  of  the 
placenta  {see  Labour,  Retention  of  Placenta). 

Reticulum. — A  fine  network;  also,  the 
second  stomach  of  ruminants. 

Retina  and  Optic  Nerve. 
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See  also  kMBiiYO'eiK  {Toxic,  Urcemia,  Retinitis) ; 
Brain,  Physiology  {Optic  Nerve) ;  Choroid, 
Diseases  of  {Choroiditis,  Diagnosis ;  Sarcoma, 
Diagnosis ;  Tubercular  Disease ;  Retinal  Separ- 
ation) ;  Colour  Vision  {Retinitis) ;  Diabetes 
Mellitus  {Symptoms  of  the  Bye) ;  Eyeball, 
Injuries  of  {Commotio  Retinae) ;  Glaucoma 
{Secondary,  Causes  of) ;  Gout  {Irregular,  Eye) ; 
Malaria  {Pernicious  Attacks,  Retinal  Hmmor- 
rhauges) ;  Nephritis  {Clinical  Features,  Chronic, 
Retinal  Changes) ;  Ocular  Muscles,  Affections 
of  {Nystagmus,  Causes) ;  Physiology,  Neuro- 
muscular Mechanism  {Vision,  Stimulation  of 
the  Reti7ia) ;  Pigments  of  the  Body  {Melanins, 
Fuscin) ;  Pupil  ;  Syphilis  {Tertiary,  Eye  Affec- 
tions, In  Children,  Retinitis) ;  Trades,  Danger- 


ous {Lead-Poisoning,  Eye  Changes) ;  Typhoid 
Fever  {Complicatio7is,  Ocular) ;  Vision,  Field 
of  {Retinitis  Pigmentosa)  ;  Vitreous  Humour, 
Diseases  of  {Haemorrhage,  Retinitis  Proliferans). 

Affections  of  the  Optic  Nerve 
Anatomy. — On  leaving  the  eyeball  the  optic 
nerve  courses  backwards  to  the  apex  of  the 
orbit,  and  then,  passing  through  the  optic 
canal,  enters  the  cranial  cavity.  It  now  very 
soon  joins  its  fellow  of  the  opposite  side,  their 
junction  forming  the  optic  commissure  or 
chiasma,  where  an  important  redistribution  of 
nerve-fibres  takes  place.  The  newly  distributed 
fibres,  leaving  the  commissure,  are  again  collected 
into  bundles,  now  called  the  optic  tracts,  which 
pass  backwards  between  the  temporal  lobes  and 
the  crura  cerebri. 

In  the  first  and  greater  part  of  its  orbital 
course  the  nerve  is  surrounded  by  fat,  but 
deeper  in  the  orbit  it  comes  into  closer  proximity 
to  the  muscles  arising  from  the  apex,  and  at 
the  optic  foramen  the  nerve  is  in  close  relation 
with  their  tendons  of  origin. ^  About  midway 
in  its  passage  through  the  orbit  the  nerve 
receives  the  central  vessels,  which  enter  it  from 
beneath  and  then  run  forward  in  its  axis. 
Until  it  gains  the  interior  of  the  cranial  cavity 
the  optic  nerve  is  protected  by  a  thick,  loosely 
fitting  outer  sheath. 

The  ophthalmic  artery  accompanies  the  optic 
nerve  in  its  passage  through  the  optic  canal, 
which  latter  affords  little  more  than  bare  space 
for  these  structures  to  pass.  It  is  important  to 
observe  that  the  bony  plate  forming  the  inner 
wall  of  the  canal  is  very  thin,  and  that  this 
alone  separates  the  optic  nerve-sheath  from  the 
sphenoidal  sinus. 

The  chiasma  rests  on  the  optic  groove  ;  above 
it  the  third  ventricle  is  situated.  The  internal 
carotid  arteries  lie  on  either  side,  while  close 
behind  it  is  the  pituitary  body. 

If  we  now  examine  the  optic  nerve  more 
particularly,  we  find  that  in  the  optic  canal  and 
orbit  it  is  surrounded  by  a  tubular  prolongation 
of  the  meninges,  and  we  can  recognise  a  dural, 
pial,  and  arachnoidal  sheath.  The  dural  sheath 
surrounds  the  nerve  loosely,  while  the  pial 
sheath  is  closely  applied ;  the  interval  between 
these  (intervaginal  space)  is  subdivided  by  a 
fine  prolongation  of  the  arachnoid  into  two 
parts,  subdural  and  subarachnoid,  which  com- 
municate with  the  corresponding  intracranial 
spaces.  The  highly  vascular  pial  sheath  sends 
processes  inwards,  which  form  a  framework 
separating  the  bundles  of  nerve-fibres.  Between 
each  mesh  of  this  framework  and  the  nerve- 

1  These  tendons  of  the  superior  and  internal  recti  are 
closely  incorporated  with  the  optic  nerve-sheath,  and 
owing  to  this  relation  it  has  been  asserted  that  move- 
ments of  these  muscles  are  particularly  liable  to  cause 
pain  in  cases  of  retro-ocular  neuritis  implicating  the 
nerve-sheaths  in  this  locality. 
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fibres  enclosed  in  it,  there  is  a  narrow  interval 
occupied  by  lymph.  By  the  lymphatics  of  the 
pial  sheath,  and  by  those  which  accompany  the 
central  vessels  on  their  entrance  into  the  nerve, 
there  are  communications  between  the  lymph- 
spaces  in  the  interior  of  the  nerve  and  the 
intervaginal  space.  If  we  trace  the  nerve- 
sheaths  forward  to  the  eyeball,  we  find  that  the 
dural  and  arachnoidal  sheaths  here  join  and 
turn  away  from  the  nerve  to  be  continued  into 
the  sclerotic,  while  the  pial  sheath  is  also  united 
with  the  sclerotic  and  sends  a  few  fibres  into  the 
choroid.  The  intravaginal  space  consequently 
ends  abruptly  in  the  sclerotic  around  the  optic 
nerve  entrance,  and  this  has  an  important  signi- 
ficance in  pathological  processes. 

The  intraocular  end  of  the  nerve  is  seen  with 
the  ophthalmoscope.  It  is  situated  to  the  nasal 
side  of  the  centre  of  the  fundus,  and  is  known 
as  the  optic  disc  or  papilla.  The  optic  disc  is 
nearly  circular,  but  usually  somewhat  oval  verti- 
cally ;  it  is  of  a  light  orange-pink  colour,  with  a 
characteristic  superficial  translucency.  Its  edge 
is  traceable  all  round,  but  is  most  distinct  out- 
wards, and  here  the  disc  itself  is  also  rather 
paler  than  elsewhere  from  the  nerve-fibres  and 
capillaries  being  fewer.  About  the  centre  of  the 
disc  we  can  observe  a  depression  surrounded  by 
the  converging  nerve-fibres ;  this  is  known  as 
the  physiological  cup  or  pit,  and  frequently  its 
floor  presents  a  dappled  appearance,  grey  spots 
separated  by  white  interlacing  lines.  The  white 
tissue  or  lamina  cribrosa  is  the  thick  anterior 
end  of  the  pial  framework,  while  the  grey  marks 
are  the  meshes  occupied  by  nerve-fibres.  Also, 
near  the  centre  of  the  disc  the  retinal  blood- 
vessels first  come  into  view,  the  arteries  narrower 
and  lighter  in  colour  than  the  veins.  On  the 
disc  the  nerve-fibres  are  naked  axis-cylinders, 
but  they  acquire  a  meduUated  sheath  at  the 
lamina  cribrosa.  In  the  rest  of  their  course 
they  are  like  the  fibres  of  the  white  substance 
of  brain  and  spinal  cord ;  they  are  meduUated 
and  invested  by  neuroglia,  but  destitute  of 
primitive  sheath. 

The  functionally  most  important  fibres  are 
those  coming  from  the  ganglion  cells  around  the 
fovea  centralis  (macular  bundle).  At  the  optic 
disc  these  fibres  occupy  the  outer  third,  but  after 
leaving  the  eyeball  they  soon  gain  a  central 
position  in  the  nerve-trunk,  and  continue  as 
axial  fibres  of  the  nerve  until  it  ends  in  the 
chiasma.  Although  arising  from  a  small  part 
of  the  retinal  expansion,  these  macular  fibres 
occupy  a  relatively  large  part  of  the  nerve  area 
(as  seen  on  transverse  section) ;  this  is  due  to 
the  fact  that  each  of  these  fibres  represents  the 
central  connection  of  a  single  retinal  element 
(cone),  while  each  of  the  more  peripheral  optic 
nerve-fibres  is  connected  with  several  retinal 
elements. 

The  other  fibres,  coming  from  the  upper, 
lower,  outer,  and  inner  parts  of  the  retina, 
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occupy  a  corresponding  area  (upper,  lower,  etc.) 
of  the  optic  nerve  trunk.  The  most  central 
fibres  at  the  disc  are  those  which  come  from 
the  most  peripheral  parts  of  the  retina,  while 
the  fibres  situated  next  the  pial  sheath  of  the 
nerve-trunk  come  from  the  retina  immediately 
around  the  disc.  It  is  important  to  recollect 
this,  for  it  shows  that  an  enlargement  of  the 
normal  "blind  spot"  will  be  the  first  result  of 
an  inflammatory  or  atrophic  process  affecting 
the  fibres  at  the  periphery  of  the  nerve-trunk. 

At  the  chiasma  the  optic  nerve-fibres  undergo 
a  rearrangement,  one  important  bundle  being 
continued  into  the  optic  tract  of  the  same  side, 
while  the  remainder  (constituting  the  larger 
bundle)  cross  over  into  the  opposite  tract.  The 
non-crossing  fibres  correspond  to  those  coming 
from  the  temporal  half,  and  the  crossing  fibres 
to  those  coming  from  the  nasal  half  of  the  same 
retina ;  the  line  dividing  the  retina  into  these 
two  halves  passes  vertically  through  the  macula 
lutea.  Each  tract,  consequently,  contains  fibres 
from  its  own  side  (right  or  left)  of  both  retinae. 
It  follows  that  a  loss  of  function  in  one  optic 
nerve  will  mean  a  visual  failure  confined  to  the 
same  eye,  while  lesion  of  one  tract  is  followed 
by  visual  failure  of  both  eyes,  but  only  of  those 
fibres  coming  from  the  homonymous  side  of  both 
(right  or  left),  and  will  therefore  be  expressed 
by  the  loss  of  the  opposite  half-field  (left  or 
right  homonymous  hemianopia).  Lesion  of  the 
chiasma  may  implicate  fibres  from  one  eye  only, 
or  from  both  ;  the  most  usual  implication  of  the 
chiasma  is  central,  affecting  the  crossing  fibres 
from  both  nasal  retinae,  so  that  bi-temporal 
hemianopia  is  the  result  {see  article  on  "  Vision, 
Field  of  "). 

Each  optic  nerve-fibre  is  the  central  process 
(axon)  of  a  retinal  ganglion  cell,  and  is  nutrition- 
ally dependent  upon  this  cell.  The  conducting 
value  of  the  fibre  may  consequently  be  impaired 
in  two  distinct  ways — by  an  affection  (a)  of  the 
ganglion  retinae,  or  {b)  of  the  fibre  itself  in  any 
part  of  its  course. 

Diseases.  —Disease  affecting  the  optic  nerves 
or  tracts  produces  symptoms  that  can  be  ex- 
amined by  different  clinical  methods,  viz.  : — 

(1)  £i/  testing  vision. — This  test  includes  the 
examination  of  central  and  peripheral  vision  for 
form,  colour,  and  light  appreciation. 

{'2)  By  examining  the  action  of  the  pupil  to 
light. 

(3)  By  observation  with  the  ophthalmoscope. 

In  every  case  where  optic  nerve  disease  is 
looked  for,  all  these  methods  must  be  employed. 
It  will  be  sufficient  here  to  mention  that,  in 
acute  inflammatory  conditions  dependent  upon 
intracranial  disease,  the  ophthalmoscopic  obser- 
vation is  the  most  important,  while  the  visual 
test  is  particularly  valuable  in  the  early  stages 
of  implication  of  the  nerve  behind  the  eyeball 
of  local  origin. 

General  Pathology.— The  optic  nerve  is 


RETINA  AND 


peculiarly  prone  to  suffer  in  affections  of  the 
central  nervous  system,  in  some  forms  of  poison- 
ing, and  in  certain  general  disorders.  Inflam- 
mation of  an  acute  or  chronic  character  may 
attack  it  at  any  point  in  its  course,  may  affect 
its  whole  thickness  or  only  a  part  of  it,  and  may 
or  may  not  lead  to  permanent  atrophy,  total 
or  partial.  Again,  without  recognised  inflam- 
mation, the  nerve  may  undergo  degenerative 
changes  resulting  in  a  simple  atrophy.  Occa- 
sionally the  occurrence  of  an  inflammation  or 
simple  atrophy  of  the  nerve  is  intelligible 
enough,  as,  e.g.,  an  optic  neuritis  in  association 
with  orbital  cellulitis,  or  a  simple  atrophy  sub- 
sequent to  division  of  the  nerve-trunk.  Fre- 
quently, however,  the  pathological  process  is 
difiicult  to  trace,  and  our  knowledge  still  rests 
largely  on  hypothesis.  It  is  impossible  in  the 
space  at  our  disposal,  and  would  be  of  doubtful 
benefit,  to  enter  into  discussions  as  to  the  causal 
relation  between  optic  neuritis  and  intracranial 
disease,  etc.  ;  but  the  following  facts  should  be 
remembered  in  connection  with  the  exceptional 
vulnerability  of  this  nerve  : — 

1.  From  its  development  and  structure  the 
optic  nerve  is  to  be  regarded  as  part  of  the  central 
nervous  system. 

This  serves  to  explain  its  liability  to  degenera- 
tive changes,  similar  to  those  occurring  in  certain 
strands  and  fibres  in  the  brain  and  spinal  cord, 
in  post-tertiary  syphilis  (tabetic  atrophy),  and 
to  those  occurring  irregularly  in  disseminated 
sclerosis ;  and  probably,  also,  this  similarity  of 
nerve-tissue  is  responsible  for  the  occasional 
association  of  optic  neuritis  with  acute  myelitis, 
due  presumably  to  the  selective  action  of  some 
toxine  on  these  parts  of  the  central  nervous 
system. 

2.  The  sheaths  of  the  nerve  are  direct  prolonga- 
tions of  the  cerebral  meninges. 

We  thus  have  the  liability  to  a  direct  trans- 
mission of  inflammation  of  the  meninges  along 
the  nerve-sheaths  to  the  fibrous  framework  of 
the  nerve  itself,  which  latter  may  be  thus 
attacked  in  any  part  of  its  course,  but  particu- 
larly at  the  lamina  cribrosa  and  at  the  entrance 
of  the  blood-vessels. 

3.  The  intervaginal  spaces  of  the  nerve  are 
continuous  with  the  meningeal  cavities  of  the 
brain. 

In  as  far  as  these  intervaginal  spaces  are  also 
connected  with  each  other,  and  with  the 
lymphatic  spaces  surrounding  the  nerve-fibre 
bundles,  it  is  obvious  that  fluid  circulating  in 
the  lymphatic  system  of  the  nerve  may  contain 
inflammatory  material  primarily  derived  from 
within  the  cranium. 

Again,  serous  fluid  or  blood  effused  into  the 
meningeal  cavities  may  find  its  way  into  the 
sheath-spaces  and  injure  the  nerve  by  direct 
pressure. 

4.  The  absence  of  primitive  sheath  probably 
renders  the  nerve-fibres  more  vulnerable  in  the 
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retro-ocular  portion;  v)hile,  in  the  intraocular 
part  of  the  nerve,  the  naked  axis-cylinders  are 
directly  exposed  to  the  action  of  the  surrounding 
fluid. 

5.  It  must  he  borne  in  mind  that  we  can  detect 
inflammatory  and  atrophic  changes  in  this  nerve 
such  as  might  readily  escape  notice  in  other 
cranial  nerves. 

Of  less  exceptional  significance,  but  still  im- 
portant in  considering  the  great  vulnerability 
of  the  optic  nerve,  we  would  also  mention : — 

6.  Their  position,  relation,  and  long  course 
along  the  base  of  the  brain  render  the  nerves, 
commissure,  and  tracts  liable  to  be  affected  in 
inflammation  of  the  basal  membranes,  and  to  be 
damaged  locally  by  pressure  from  new  growths 
or  from  a  distended  third  ventricle. 

7.  After  entering  the  optic  canal  the  nerve 
has  for  the  rest  of  its  course  all  the  exposures 
of  a  peripheral  nerve. 

8.  The  narrowness  of  the  optic  canal  must 
cause  further  constriction  in  an  already  existent 
oedema ;  and  the  disposition  of  the  lamina 
cribrosa  and  of  the  nerve-sheaths  where  pierced 
by  the  central  vessels  will  promote  a  similar 
effect  by  pressure  on  the  blood-vessels  and 
lymphatics. 

Inflammation  op  the  Optic  Nerve. — The 
expression  "  optic  neuritis  "  is  the  generic  term 
for  inflammation  of  any  part  of  the  optic  nerve. 
When  the  intraocular  end  of  the  nerve  or 
papilla  is  inflamed,  the  condition  is  called 
"papillitis";  while  "retro-ocular  neuritis" 
implies  inflammation  of  the  nerve  behind  the 
eyeball,  without  implication  (at  first  at  least)  of 
the  papilla.  The  terms  "axial  neuritis"  and 
"  perineuritis  "  are  used  to  denote  the  parts  of 
the  nerve  involved,  such  as  would  be  seen  as 
presented  on  cross  section. 

As  a  rule  both  nerves  are  affected,  and  simi- 
larly, though  not  necessarily  to  the  same 
degree,  nor  exactly  at  the  same  time.  Uni- 
lateral optic  neuritis  is  generally  dependent  on 
a  local  cause,  such,  e.g.,  as  orbital  cellulitis ;  but 
it  may  also  occur  in  association  with  intra- 
cranial lesion. 

Symptoms. — Optic  neuritis  may  exist  with- 
out there  being  any  subjective  symptoms 
directly  indicating  its  presence — ocular  pain, 
photophobia,  and  impairment  of  vision  being 
alike  absent.  Photophobia,  indeed,  is  rarely 
found  as  an  accompaniment,  and  is  never  a 
prominent  feature.  Deep-seated  pain  in  the 
orbit,  and  tenderness  on  pressure  over  the  globe 
or  on  eye  movement,  are  practically  present 
only  when  the  nerve  is  involved  in  an  in- 
flammatory condition  affecting  the  orbital  tissue 
surrounding  the  nerve.  Vision  may  remain 
perfect  for  some  time ;  indeed,  in  exceptional 
cases,  papillitis  from  intracranial  disease 
(gumma,  for  example)  may  occur,  remain  for 
some  weeks,  and  disappear  again,  without  sight 
ever  being  impaired. 
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Usually,  however,  failure  of  vision  is  a 
prominent  symptom.  This  sometimes  pro- 
gresses rapidly,  but  blindness  never  occurs 
suddenly  and  remains  permanently  ;  although 
short,  temporary  attacks  of  darkness  are  not 
very  uncommon  in  papillitis  due  to  brain 
tumour. 

It  must  be  borne  in  mind  that  amblyopia 
occurring  in  a  case  of  papillitis  may  be  due,  not 
to  the  neuritis,  but  to  direct  pressure  of  a 
tumour  on  nerve,  chiasma,  or  some  more  central 
part  of  the  visual  tracts.  The  nature  of  the 
amblyopia  (uniocular  failure,  bi-temporal  loss 
of  field,  or  homonymous  hemianopia)  will 
suggest  this  explanation,  besides  indicating  the 
part  involved,  and  may  thus  be  of  great 
localising  value. 

As  a  rule,  in  papillitis  the  failure  of  vision  is 
gi-adual,  slowly  affecting  central  vision  (espe- 
cially at  first  for  green  and  red),  with  pro- 
gressive peripheral,  sectorial,  or  irregular  con- 
traction of  the  visual  field.  Sometimes  a 
neuritic  sector-defect  is  binocular,  simulating 
hemianopia  of  intracranial  origin. 

In  7-etro-ocular  neuritis  the  loss  of  vision  is 
often  rapid,  and  occurs  mainly  in  the  form  of  a 
central  scotoma,  at  first  only  or  mainly  for 
green  and  red,  later  for  all  light  (absolute 
scotoma).  In  acute  cases  of  this  kind  there 
may  be  great  amblyopia  without  any  ophthal- 
moscopic change ;  indeed,  in  such  cases  the 
papilla  is  usually  first  involved  when  the 
severity  of  the  attack  is  passing  off  and  vision 
has  begun  to  improve.  This  form  is  not 
infrequently  one-sided,  and  the  complaint  of 
great  loss  of  vision,  while  the  optic  disc  appears 
normal,  may  excite  the  suspicion  of  malingering 
or  of  (so-called)  hysterical  amblyopia.  In  such 
a  case  of  doubt  an  examination  of  the  pupillary 
reaction  will  clear  up  the  diagnosis  ;  if  the  pupil 
of  the  (query)  amblyopic  eye  fails  to  react  as 
well  as  the  other  to  direct  stimulation  by  light, 
but  acts  perfectly  consensually,  we  may  rely 
upon  there  being  some  affection  of  the  optic 
nerve  to  account  for  the  blindness,  although 
there  is  no  other  objective  evidence  of  it. 

Ophthalmoscopic  Changes. — In  well-marked 
papillitis  the  following  appearances  are  found  : — 
The  edge  of  the  optic  disc  is  quite  hidden  from 
view,  and  the  retina  for  some  distance  around 
is  rather  pale  and  cloudy.  The  general 
vascularity  of  the  disc  is  much  increased,  while 
a  greyish  haze  dulls  its  deeper  details  and 
obliterates  the  physiological  cup.  The  whole 
papilla  is  swollen,  so  as  to  be  considerably 
above  the  level  of  the  adjoining  retina,  and 
many  fine  straight  vessels  may  be  seen  radiating 
from  it  on  every  side,  coursing  over  the 
obscured  edge.  The  large  retinal  vessels, 
particularly  the  arteries,  are  often  hidden  at 
their  exit  on  the  papilla,  and  also  here  and 
there  in  their  course  over  or  just  beyond  it. 
The  veins  are  enlarged,  dark,  and  tortuous. 


showing  evidently  an  obstructed  venous  flow. 
The  arteries  are  normal  or  slightly  narrowed. 
On  the  disc  or  in  the  adjoining  retina  hsemor- 
rhages  are  often  present,  and  sometimes  also 
smooth,  opaque,  white  spots. 

In  the  slighter  forms  there  may  be  merely 
some  increased  redness,  doubtful  swelling  of 
the  disc,  with  obscuration  of  the  edge  (partic- 
ularly above  and  below),  and  distended  veins. 

Between  these  extremes  there  are  many 
gradations  observable  in  different  cases,  marked 
by  more  or  less  swelling  and  obscuration  of  de- 
tails. These  different  degrees  may  simply  be 
stages  in  the  development  of  a  gross  papillitis, 
or  any  one  may  be  the  height  of  the  affection 
where  the  papillitis  is  of  less  severity. 

In  a  rapid,  intense  papillitis  or  "choked 
disc,"  the  chief  visible  changes  in  the  papilla 
(swelling  and  increased  vascularity)  are  probably 
due  mainly  or  entirely  to  oedema  with  pressure 
on  the  central  vein,  and  in  such  cases  there 
are  generally  evidences  of  great  increase  of 
intracranial  pressure  —  intense  headache  with 
sickness.  Should  the  intracranial  pressure  be 
relieved  in  such  a  case,  the  ophthalmoscopic 
signs  quickly  subside  and  leave  no  trace  of  their 
former  presence. 

As  a  rule,  however,  the  progress  of  subsidence 
after  papillitis  is  much  more  gradual,  and  of  a 
less  simple  character.  In  such  cases  the  redness 
of  the  papilla  gradually  disappears,  while  the 
swelling  becomes  reduced  both  in  height  and 
extent.  The  veins  usually  remain  distended 
for  some  time,  but  ultimately  all  the  vessels 
are  narrowed.  The  edge  of  the  disc  again 
becomes  visible,  the  outer  margin  coming  first 
into  view.  The  disc  is  opaque  and  woolly- 
looking  at  first,  but  gradually  gets  smoother ; 
its  surface  is  occupied  by  less  or  more  newly 
formed  tissue,  which  often  permanently  conceals 
the  lamina  cribrosa.  Around  the  disc  there  is 
frequently  a  pale  zone,  sometimes  with  scattered 
pigment  granules,  the  result  of  changes  in  the 
retinal  pigment  layer.  Should  complete  atrophy 
result,  the  disc  is  usually  of  a  brilliantly  white 
colour,  and  the  larger  vessels  on  or  near  it  are 
often  bordered  by  opaque  white  lines. 

In  cases  of  retro-ocular  neuritis,  the  resulting 
pallor  of  the  disc  is  sometimes  the  first 
ophthalmoscopic  sign  of  the  disease,  but 
generally  it  is  preceded  by  papillitis,  which 
may  be  slight,  moderate,  or  intense.  The 
amount  of  resulting  atrophy  is  usually  com- 
paratively slight,  but  varies  much  in  degree. 
Not  infrequently  the  pallor  of  the  disc  is  greatly 
in  excess  of  what  we  should  expect  from  the 
excellent  recovery  of  vision. 

Rapid  failure  of  vision,  usually  in  one  eye 
only,  often  accompanied  by  pain  and  tenderness 
in  the  neighbourhood,  absence  of  early  ophthal- 
moscopic changes,  and  a  tendency  to  recovery, 
are  the  usual  prominent  clinical  features  in 
retro-ocular  neuritis. 


RETINA  AND  OPTIC  NERVE 


515 


Under  this  head  it  has  also  been  usual  to 
class  "toxic  amblyopia,"  but  there  are  strong 
reasons  for  the  belief  that  the  affection  of  the 
optic  nerve  in  these  cases  is  in  reality  secondary 
to  changes  in  the  large  retinal  ganglion  cells 
at  the  macula  {see  "  Retina,"  p.  520). 

Pathological  Anatomy.  —  In  papillitis  of 
intracranial  origin  the  evidences  of  inflam- 
mation seldom  extend  beyond  the  lamina 
cribrosa.  The  early  stage  of  a  severe  papillitis 
is  unaccompanied  by  affection  of  the  connective 
tissue,  the  changes  merely  consisting  of  venous 
hypersemia,  infiltration,  oedematous  and  gan- 
glionic thickening  of  the  axis-cylinders.  Later, 
there  is  a  new  formation  of  oedematous  con- 
nective tissue  in  the  substance  of  the  papilla, 
and  filling  the  physiological  pit,  with  an 
exudation  of  white  cells ;  while  behind  the 
lamina  cribrosa  the  medullary  sheath  of  the 
nerve-fibres  is  swollen  and  undergoing  granular 
degeneration.  When  the  stage  of  subsidence 
with  atrophy  is  reached,  we  find  much  con- 
nective tissue,  partly  of  new  formation,  partly 
due  to  hypertrophy  of  the  pre-existing  frame- 
work ;  the  nerve-fibre  bundles  are  thus  reduced 
in  size  from  pressure,  and  either  degenerated 
or  quite  disintegrated  and  replaced  by  hyaline 
material ;  the  walls  of  the  arteries  are  thickened, 
with  consequent  contraction  of  their  lumen, 
tending  to  partial  or  total  obliteration  of  the 
smaller  vessels. 

In  retro-ocular  neuritis  the  pathological 
changes  doubtless  vary  greatly,  according  to 
the  nature  of  the  attack,  while  opportunities 
for  examining  the  nerve  during  the  acute  stage 
seldom  occur.  The  connective  tissue  of  the 
septa  has  been  observed  to  be  thickened  and 
vascular,  with  consequent  pressure  on  the 
nerve-fibres.  In  later  stages,  when  the  inflam- 
mation subsides,  the  nerve-fibre  meshes  may 
either  be  restored,  with  relief  of  pressure  and 
return  of  function,  or  they  may  be  further 
narrowed,  with  subsequent  permanent  atrophy 
of  the  contained  nerve-fibres.  The  nerve  is 
most  liable  to  be  attacked  in  the  optic  canal, 
or  just  behind  the  eyeball,  and  therefore  the 
pathological  changes  are  most  marked  in  one 
or  other  of  these  localities.  In  either  case  it 
is  the  macular  bundle  that  is  mainly  involved, 
thus  accounting  for  the  central  scotoma  clinically 
recognised. 

Etiology. — The  causes  of  optic  neuritis  may  be 
divided  broadly  into  two  great  classes,  viz.  those — 

(1)  Of  local  influence,  e.g.  orbital  inflam- 

mation. 

(2)  Of  general  influence,  e.g.  renal  disease 

and  anaemia. 
(1)  Local  Causes. — Under  this  heading  are 
to  be  included  cases  of  optic  neuritis  due  to 
affections  of  the  cranial  bones,  orbit,  and  cranial 
cavity. 

(a)  Of  all  the  causes  of  optic  neuritis,  intra- 
cranial disease  is  much  the  most  frequent. 


Any  tumour  within  the  cranium  may  produce 
papillitis,  irrespective  of  its  nature,  position,  or 
size ;  but  it  is  most  apt  to  occur  when  the 
tumour  is  of  rapid  growth,  and  when  it  is 
situated  at  or  near  the  base  of  the  brain  or  in 
the  cerebellum.  It  is  almost  a  universal  rule 
that  both  nerves  are  affected,  and  generally  the 
papillitis  is  gross,  with  considerable  swelling. 
In  very  rare  instances  one  nerve  only  is  involved, 
but  it  is  common  to  find  a  considerable  difference 
in  the  degree  of  papillitis  on  the  two  sides. 
Where  this  difference  is  marked,  it  has  been 
suggested  that  it  may  be  of  service  in  assisting 
to  localise  a  tumour  of  unknown  position,  by 
indicating  the  side  of  the  brain  involved.  Its 
actual  value,  however,  is  very  problematical, 
for  the  fact  of  the  one  papilla  being  more 
affected  than  the  other  has  no  simple  relation 
to  the  position  of  an  intracranial  growth,  but 
is  complicated  by  other  anatomical  considera- 
tions. The  clinical  evidence  appears  to  show 
that  in  cases  of  tumour  of  the  anterior  half  of 
the  encephalon  the  papillitis  is  more  marked  on 
the  same  side  as  the  growth  {i.e.  left  greater 
papillitis,  left-sided  growth) ;  while,  when  the 
tumour  is  situated  more  posteriorly,  the  nerve 
on  the  opposite  side  is  the  one  more  in- 
volved. 

We  also  find  papillitis  in  association  with 
meningitis  (especially  traumatic,  syphilitic,  and 
tubercular  basilar) ;  with  cerebral  abscess ;  and 
sometimes  with  chronic  cerebritis  without  gross 
lesion. 

Injuries  to  the  head  may  also  cause  swelling 
of  the  papilla,  through  effusion  of  blood  within 
the  skull  or  within  the  optic  nerve-sheath. 

{b)  Optic  neuritis  due  to  orbital  disease  is 
nearly  always  one-sided,  and  of  the  retro-ocular 
kind. 

The  optic  nerve  may  be  attacked  during  an 
orbital  cellulitis  arising  from  local  injury,  or 
by  the  extension  of  erysipelatous  or  other 
inflammation  from  adjacent  parts.  Sometimes 
an  orbital  cellulitis  seems  to  follow  exposure  to 
cold.  Occasionally  a  very  severe  form  of  cell- 
ulitis is  associated  with  a  general  septicsemia, 
possibly  through  thrombosis  of  the  ophthalmic 
veins. 

Orbital  periostitis  accompanying  local  bone 
disease,  or  spreading  from  the  upper  jaw  or 
nasal  cavities,  is  liable  to  affect  the  optic  nerve, 
probably  by  invading  its  outer  sheath,  where 
this  and  the  periorbita  are  continuous  at  the 
optic  foramen.  To  this  class,  doubtless,  belong 
cases  of  alveolar  abscess,  where  complaint  has 
been  made  of  tenderness  extending  up  the  cheek 
and  into  the  orbit,  with  visual  failure  in  this 
eye,  and  sometimes  accompanied  by  slight 
prominence  of  the  globe,  and  pain  on  pressure 
over  it.  Such  an  inflammation  may  readily  gain 
the  orbit  by  the  spheno-maxillary  fissure. 

Orbital  tumours,  especially  when  situated 
near  the  nerve,  may  cause  optic  neuritis ;  but 
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more  usually  they  simply  give  rise  to  atrophy 
of  the  nerve  by  their  pressure. 

(c)  In  its  passage  through  the  optic  canal 
the  nerve  is  exposed  not  only  to  inflammation 
extending  to  it  from  the  bony  walls  and  the 
periosteum,  but  also  from  the  sphenoidal  sinus, 
only  separated  from  the  canal  by  a  thin  lamina 
of  bone,  sometimes  imperfect.  It  is  probable 
that  many  of  the  cases  of  retro-ocular  neuritis 
traced  to  exposure  to  cold  are  examples  of 
inflammation  attacking  the  nerve  in  this  part 
of  its  course,  and  sometimes  in  this  way 
(through  the  sphenoidal  sinus).  In  such  cases 
both  nerves  are  often  affected,  and  almost 
simultaneously.  Such  cases  of  neuritis  are  not 
usually  associated  with  early  changes  at  the 
optic  disc,  but  later  there  may  be  slight  or 
moderate  papillitis.  The  periosteum  in  this 
locality  seems  to  be  not  infrequently  the  seat 
of  gummatous  deposit. 

{d)  Mention  must  also  be  made  of  the  alleged 
occurrence  of  optic  neuritis  in  connection  with 
disease  of  the  bones  of  the  ear,  without  the 
usual  intervention  of  meningitis  or  of  cerebral 
abscess. 

(e)  The  optic  nerve  itself  may  be  the  seat 
of  a  local  manifestation  of  a  general  affection, 
as  a  syphilitic  gumma  or  a  tuberculous  deposit. 
Again,  the  sheath  of  the  nerve,  possibly  in  any 
part  of  its  course,  but  apparently  most  commonly 
near  its  junction  with  the  sclerotic,  is  liable  to 
be  affected  occasionally  by  inflammation  of  a 
gouty  or  rheumatic  character ;  in  many  cases  of 
this  nature  a  marked  tendency  to  recurrence 
has  been  observed.  Papillitis  is  sometimes 
caused  by  an  extension  of  inflammation  from  a 
neighbouring  ocular  tissue  {e.g.  gumma  of  the 
adjacent  choroid),  and  it  has  also  been  observed 
in  an  early  stage  of  sympathetic  inflammation 
before  the  occurrence  of  irido-cyclitis. 

Here  also  we  may  mention  the  not  infrequent 
occurrence  of  retro-ocular  neuritis  in  connection 
with  insular  sclerosis.  In  some  of  these  cases 
the  optic-nerve  attack  is  like  an  ordinary  acute 
retro-ocular  neuritis,  this  nerve  being  the  seat 
of  a  local  lesion  such  as  occurs  disseminated 
elsewhere  in  the  central  nervous  system. 

Infrequently  papillitis  occurs  in  cases  of 
myelitis,  both  chronic  and  acute.  It  is  probable, 
as  has  been  suggested  by  Gowers,  that  in  such 
cases  the  optic  neuritis  and  myelitis  are  inde- 
pendent, and  both  due  to  a  common  cause. 

(2)  Causes  of  General  Injiuence. — Occasionally 
we  get  papillitis  occurring  alone  in  renal  disease, 
but  usually  in  such  cases  there  is  retinitis  in 
combination  with  it.  In  chlorosis,  or  in  pro- 
gressive pernicious  ancemin,  we  may  meet  with 
papillitis  or  papillo-retinitis,  and  also,  more 
rarely,  in  leucocythcemia.  In  the  anoemia  follow- 
ing repeated  large  loss  of  blood,  as  from  hjema- 
teraesis,  for  example,  papillitis  has  been  observed, 
but  more  commonly  we  get  retro-ocular  neuritis 
or  simple  atrophy  in  this  condition.  Papillitis 
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occasionally  occurs  in  association  with  menstrual 
disturbances,  such  as  sudden  suppression  or 
habitual  irregularities. 

Papillitis  or  retro-ocular  neuritis  is  sometimes 
found  in  patients  during  or  recovering  from 
acute  febrile  diseases  (typhus,  scarlatina,  measles, 
variola,  enteric),  in  malarial  fever,  and  also 
occasionally  after  influenza.  In  diabetes  mellitus 
we  may  get  loss  of  central  vision  of  a  similar 
character  to  what  occurs  in  chronic  poisoning 
by  tobacco  (also  from  lead,  alcohol,  and  bisul- 
phide of  carbon).  In  as  far  as  the  macular 
fibres  are  alone  or  mainly  involved  in  these 
cases,  the  visual  failure  has  been  ascribed  to 
retro-ocular  "axial"  neuritis;  but  doubt  has 
recently  been  thrown  on  this  view,  and  the 
affection  of  the  axial  fibres  is  probably  to  be  re- 
garded as  secondary  to  a  poisoning  of  the  retinal 
macular  ganglion  cells  {see  art.  "  Retina  ").  In 
some  acute  instances  of  poisoning  by  these 
agents,  however,  slight  papillitis  has  been  ob- 
served. 

In  certain  families  we  have  an  hereditary 
predisposition  to  suffer  from  a  retro-ocular 
neuritis  of  a  slowly  progressive  form,  the  nerve 
changes  usually  occurring  about  the  age  of 
twenty,  and  almost  exclusively  in  males. 

In  most  of  these  instances  {e.g.  ansemia,  renal 
disease,  fevers,  etc.)  the  general  influence  causing 
optic  neuritis  is  doubtless  traceable  to  the 
presence  of  some  poisonous  material  present  in 
the  blood,  which  has  either  a  direct  effect  on 
the  ganglion  cells  or  their  processes,  or  an 
indirect  effect  on  these  structures  through  its 
action  on  the  nutrient  blood-vessels. 

Prognosis  and  Treatment. — The  prognosis  in 
all  cases  of  optic  neuritis  must  be  a  guarded 
one  in  reference  to  the  final  condition  of  the 
vision.  The  ophthalmoscopic  appearances  pre- 
sented are  of  less  service  to  us  in  this  respect 
than  a  knowledge  of  the  cause  of  the  affection. 
We  may  have  a  papillitis  with  good  vision 
leading  ultimately  to  complete  atrophy  and 
blindness  ;  while,  on  the  other  hand,  we  may 
have  papillitis  with  the  barest  perception  of 
light  (as  in  occasional  retro-ocular  cases)  followed 
by  almost  perfect  recovery  of  sight. 

In  papillitis  due  to  intracranial  disease  the 
prognosis  depends  mainly  upon  the  effect  of 
treatment  on  the  exciting  cause.  In  cases  of 
syphilitic  origin,  accordingly,  the  outlook  as  to 
vision  is  relatively  favourable,  if  the  patient  is 
subjected  to  an  antisyphilitic  general  treatment 
before  the  stage  of  atrophy  of  the  nerve  has 
commenced.  Even  after  the  occurrence  of 
partial  failure  of  vision  from  this  cause,  there  is 
often  an  arrest  of  the  failure  under  treatment, 
and  sometimes  an  actual  recovery  of  vision. 
When  due  to  intracranial  tumours  (other  than 
gumma),  the  papillitis  may  be  greatly  benefited 
by  the  administration  of  iodide  of  potassium ; 
and,  in  rare  instances,  it  has  been  observed 
gradually  to  subside  without  visual  loss  even 
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when  the  exciting  cause  was  a  malignant 
growth. 

Surgical  interference  has  certainly  a  decided 
influence  in  diminishing  the  prominence  of  the 
papilla  in  such  cases,  and  that  independently  of 
there  having  been  any  attempt  to  remove  the 
cerebral  growth ;  the  effect  seems  due  merely 
to  the  reduction  of  intracranial  pressure.  This 
diminution  of  the  papillary  oedema  gives  the 
nerve  an  opportunity  of  recovery  under  treat- 
ment by  iodides,  but  it  is  only  in  a  comparatively 
early  stage  of  papillitis  that  real  benefit  to  the 
nerve  can  accrue  in  this  way. 

The  value  of  surgical  operation  in  cases  of 
ear  disease,  and  in  all  cases  where  pus  is  present 
within  the  cranium,  lies  chiefly,  of  course,  in 
its  effect  upon  the  disease  itself,  and  only 
secondarily  in  the  benefit  done  to  the  accom- 
panying optic  neuritis. 

In  orbital  disease,  likewise,  the  treatment  of 
the  papillitis  is  determined  by  the  nature  of  the 
affection.  Pus  in  the  orbit  should  be  evacuated 
by  early  incision.  In  some  few  instances  disease 
of  the  sphenoidal  sinus  has  been  diagnosed  and 
treated  surgically  with  good  result. 

Similarly,  in  papillitis  due  to  general  disease, 
the  prognosis  and  treatment  are  dependent 
entirely  on  the  nature  of  the  disease  in  the 
particular  case.  Those  cases  of  neuritis  arising 
from  intense  anaemia  (not  pernicious)  are  very 
amenable  to  suitable  medication  and  hygiene. 

In  I'etro-ocular  neuritis  of  gouty  or  rheumatic 
nature,  the  treatment  should  consist  in  giving  a 
mixture  containing  salicylate  of  soda  and  iodide 
of  potassium,  and  in  protecting  the  affected  eye 
from  cold.  The  prognosis  in  these  cases  is  very 
favourable.  Indeed,  in  most  cases  of  acute 
retro-ocular  neuritis  recovery  is  to  be  expected, 
though  not  always  complete ;  a  central  colour 
defect  often  remains  long  after  the  attack,  even 
when  visual  acuity  as  tested  in  the  usual  way 
has  been  restored  to  normal. 

In  all  cases  of  optic  neuritis  absolute  rest  of 
the  eyes  should  be  enjoined,  though  it  is  impos- 
sible to  insist  strongly  upon  it  when  the 
inflammation  lasts  (as  it  sometimes  does)  for 
many  months.  Exposure  to  bright  light  must 
be  avoided  by  the  wearing  of  dark  neutral  tint 
glasses. 

Atrophy  of  the  Optic  Nerve. — By  the  term 
"optic  atrophy,"  when  clinically  employed,  it 
will  be  understood  that  atrophy  visible  at  the 
optic  disc  is  meant.  Pathologically  considered, 
the  optic  nerve  is  always  ultimately  affected 
throughout  its  entire  length  in  every  form  of 
atrophy,  at  whatever  part  of  its  course  it  may 
be  first  involved.  Such  an  atrophy  may  either 
be  complete,  affecting  the  entire  thickness  of 
the  nerve ;  or  partial,  when  a  smaller  or  larger 
number  of  the  fibres  escape  ;  even  in  partial 
atrophy,  however,  the  affected  fibres  are  finally 
atrophic  throughout  their  whole  length. 

Etiology. — Cases  of  optic  atrophy  are  often 


divided  broadly  into  two  great  classes,  inflam- 
matory and  non-inflammatory  or  simple.  Such 
a  division  is  certainly  most  useful,  but  it  groups 
so  large  a  number  of  different  forms  of  atrophy 
imder  a  single  heading  that  it  is  not  of  much 
etiological  value. 

We  offer  the  following  account  of  the  different 
agencies  that  may  produce  optic  atrophy,  in  the 
hope  that  it  may  prove  serviceable  in  clinical 
classification  : — 

1.  From  inflammation  of  the  nerve  (consecu- 
tive atrophy). 

(a)  Papillitis. 

(fi)  Retro-ocular  neuritis. 

2.  From  interruption  in  the  continuity  of 
the  nerve-fibres  in  any  part  of  their  course. 

(a)  Section  or  rupture,  as  by  wounds  or  other 
injuries. 

(b)  Destruction  by  inflammation,  etc. 

From  the  point  of  interruption  atrophy  ex- 
tends along  the  involved  fibres  in  both  directions 
— peripherally  and  centrally. 

3.  From  pressure. 

(a)  On  the  optic  disc  (glaucoma). 
{h)  On  the  nerve  in  the  orbit  (hsemorrhage 
into  sheath). 

(c)  On  tlae  nerve  in  the  optic  canal  (bony 
growths  or  fracture). 

{d)  On  the  intracranial  optic  nerve  or  chiasma 
(aneurysm,  distended  third  ventricle,  tumour  of 
pituitary  body). 

4.  From  interference  with  blood-supply  {e.g. 
in  peri-papillitic  choroidal  atrophy). 

5.  Degeneration  of  fibres  secondary  to  de- 
struction, or  impaired  nutrition  of  ganglion 
cells. 

(a)  In  atrophy  of  the  retina  (following  total 
embolism  or  thrombosis  of  arteria  centralis ;  in 
pigmentary  degeneration  of  the  retina,  primary 
or  secondary ;  in  retinal  detachment). 

(6)  In  some  cases  of  poisoning  (as,  e.g., 
tobacco  and  bisulphide  of  carbon  ;  the  macular 
cells  and  fibres  are  chiefly  affected). 

(c)  From  an  inherited  neuropathy.  Possibly 
the  family  cases  known  as  Leber's  atrophy  may 
come  under  this  heading. 

6.  Simple  degeneration  or  true  primary 
atrophy.  This  form  frequently  occurs  in  as- 
sociation with  disease  of  the  central  nervous 
system,  especially  with  tabes,  but  occasionally 
also  with  cerebral  atrophy,  mania,  general 
paralysis  of  the  insane,  congenital  idiocy,  and 
primary  lateral  sclerosis  of  the  cord.  When 
found  uncomplicated  with  other  nerve  lesion, 
the  remote  causes  assigned  are  the  same  as 
those  which  are  given  for  the  occurrence  of 
grey  degeneration  in  the  central  nervous  system  ; 
and  it  would  therefore  seem  probable  that,  due 
to  the  action  of  certain  causes,  grey  degenera- 
tion may  occur  independently  in  the  brain, 
spinal  cord,  or  optic  nerves,  and  may  be  confined 
to  one  or  other  of  these  situations.  Accordingly, 
we  find  male  adults  of  the  neuropathic  dis- 
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position,  from  thirty  to  fifty,  predisposed  to 
this  form  of  atrophy.  The  more  immediate 
causes  mentioned  are  severe  bodily  fatigue  and 
hardships,  especially  exposure  to  cold  and 
insutficient  nourishment,  grief  and  anxiety, 
mental  excitement  and  exhausting  brain-work, 
irregular  habits  of  life,  sexual  excess,  etc.  But 
the  great  predisposing  cause,  common  to  a  large 
proportion,  at  least,  of  these  cases  of  grey 
degeneration,  is  syphilis.  The  effect  is  attrib- 
uted to  the  action  of  a  toxine  developed  in  the 
post-tertiary  stage  of  this  disease. 

Pathology. — The  nervous  elements  of  the 
trunk  of  the  nerve  are  involved  in  all  cases  of 
optic  atrophy,  and,  according  to  the  number  of 
fibres  affected,  there  is  a  corresponding  loss  of 
function.  The  histological  condition  of  the 
atrophied  nerve  varies  somewhat,  according  to 
the  nature  of  the  initial  pathological  process, 
and  dissimilar  appearances  may  be  presented  in 
sections  through  different  parts  of  the  same 
nerve-trunk.  Thus,  in  atrophy  following  a 
neuritis,  we  find  the  usual  post-inflammatory 
changes  at  the  seat  of  the  inflammation,  while 
the  remainder  of  the  nerve  may  present  the 
appearance  found  after  a  simple  or  non-inflam- 
matory atrophic  process.  As  previously  men- 
tioned, neuritis  leads  to  hypertrophy  of  the 
interstitial  connective  tissue ;  the  constant  con- 
traction of  the  meshes  in  which  the  nerve-fibre 
bundles  lie,  subjects  the  latter  to  pressure, 
interfering  at  first  with  their  function,  and 
ultimately  with  their  structural  integrity.  The 
nerve-fibres  involved  either  finally  break  down 
and  are  removed,  or  they  undergo  grey  de- 
generation ;  in  the  former  case  the  diameter  of 
the  nerve  is  much  reduced.  In  the  case  of  a 
neuritis  at  or  near  the  intraocular  end  of  the 
nerve,  the  walls  of  the  central  blood-vessels  are 
thickened  and  their  lumen  is  diminished — partly 
in  consequence  of  this  change  in  their  walls, 
partly  from  the  pressure  exerted  by  the  hyper- 
trophied  connective  tissue  surrounding  them. 

In  simple  atrophy  there  is  seldom  much  in- 
crease of  connective  tissue.  The  nerve-fibres 
lose  their  medullary  sheath  by  a  process  of 
granular  fatty  degeneration,  while  the  axis- 
cylinders  are  usually  retained,  but  converted 
into  fine  indistinct  fibrils.  There  is,  conse- 
quently, little  change  in  the  size  of  the  nerve, 
which  has  the  appearance  of  a  translucent,  grey, 
gelatinous-looking  cord.  This  "grey  degenera- 
tion," as  it  is  called,  is  the  most  common  form 
of  simple  atrophy.  Occasionally  we  do  find 
considerable  thickening  of  the  connective-tissue 
framework,  which  may  presumably  be  due, 
either  to  a  primary  sclerosis  of  a  low  chronic 
inflammatory  nature,  or  to  a  hyperplasia  of 
connective  tissue  secondary  to  degeneration  and 
shrinking  of  the  nerve-fibres. 

In  the  great  majority  of  cases  both  nerves 
are  affected,  though  one  may  be  considerably  in 
advance  of  the  other.    Unilateral  optic  atrophy 
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is  to  be  explained  by  the  one-sided  nature  of  the 
preceding  inflammation  or  other  local  cause. 

Symptoms. — The  prominent  symptom  in  every 
case  of  optic  atrophy  is  failure  of  vision.  The 
occurrence  of  this  failure  is  usually  gradual,  but 
varies  greatly  in  rapidity  in  different  forms  and 
different  cases.  There  is  also  much  variation  in 
the  manner  in  which  the  field  is  affected.  An 
examination  of  the  central  vision  by  test-types 
is  necessarily  of  great  practical  importance,  but 
the  character  of  the  loss — as  regards  the  visual 
field,  colour-perception,  and  light-sense — is  often 
of  greater  value  in  judging  of  the  causation  and 
in  forming  a  prognosis  {see  articles  "Ambly- 
opia," "Vision,  Field  of"). 

The  nature  of  the  visual  failure  in  cases  of 
atrophy  secondary  to  neuritis  has  already  been 
described.  In  atrophy  from  chronic  retinal  de- 
generation, the  failure  is  usually  gradual,  central 
vision  often  remaining  acute  after  the  rest  of 
the  field  has  been  lost. 

In  atrophy  due  to  pressure  upon  the  nerve- 
fibres  behind  the  eyeball,  vision  often  fails 
suddenly.  In  other  cases  the  failure  is  gradual 
and  partial,  and  sometimes  only  the  temporal 
half  of  the  visual  field  is  lost  in  each  eye  (as  in 
pressure  on  the  posterior  part  of  the  chiasma 
from  tumour  of  the  pituitary  body). 

In  simple  primary  atrophy  the  loss  of  vision 
begins  insidiously,  and  proceeds  slowly  and 
continuously,  but  may,  in  exceptional  cases, 
come  to  a  standstill  while  moderately  useful 
vision  still  remains.  Besides  the  central  failure, 
there  is  marked  contraction  of  the  visual  field, 
sometimes  occurring  in  a  uniform  concentric 
mannei',  but  naore  frequently  in  a  less  regular 
way  so  as  to  cavise  sector-shaped  defects.  Affec- 
tion of  the  colour-sense  is  almost  constant,  green 
being  the  colour  first  confused,  while  later  per- 
ception fails  for  red,  blue,  and,  lastly,  yellow. 
In  the  final  stage  of  atrophy  all  colour  distinc- 
tions are  lost ;  but  there  is  no  constant  relation 
between  the  degree  of  the  loss  of  colour-sense 
and  the  amount  of  the  amblyopia. 

The  condition  of  the  pupils  at  rest  should  be 
noted  in  all  cases.  They  are  usually  wide  in 
atrophy  following  neuritis,  small  in  tabetic 
cases,  and  either  wide  or  of  medium  size  in 
other  forms.  In  tabes  and  in  general  paralysis 
the  pupils  are  often  unequal  in  size.  If  any 
vision  remains,  the  behaviour  of  the  pupils  to 
light  is  of  importance ;  in  tabes  they  are  in- 
active, while  still  contracting  well  when  the 
eyes  converge  in  looking  at  a  near  object 
(Argyll- Robertson  pupil).  In  other  forms  of 
atrophy,  so  long  as  vision  remains,  the  pupil 
continues  to  show  a  response  to  light  {see  article 
"  Pupil  "). 

Ophthalmoscopic  Appearances. — The  elements 
of  the  optic  disc  which  undergo  the  atrophic 
change  are  the  nerve-fibres  and  the  capillaries. 
Atrophy  of  the  capillaries  causes  pallor,  while 
the  nerve-fibre  atrophy  is  ophthalmoscopically 
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recognisable  only  when  an  atrophic  excavation 
exists.  This  latter,  however,  is  often  absent, 
since  the  space  formerly  occupied  by  the  intact 
nerve-fibres  may  be  filled,  or  more  than  filled, 
by  new  connective  tissue. 

We  judge  of  the  optic  atrophy  chiefly,  there- 
fore, by  the  colour,  but  caution  must  be  exer- 
cised in  the  observation,  as  the  disc  varies 
considerably  in  this  respect  in  different  in- 
dividuals within  physiological  limits.  It  is 
particularly  unsafe  to  diagnose  pathological 
pallor  of  part  of  the  disc  unless  the  vision  be 
correspondingly  affected. 

The  excavation  in  atrophy  comes  quite  up  to 
the  margin  of  the  disc  all  round,  and  is  recognis- 
able by  a  slight  change  in  the  level  of  the 
vessels,  and  sometimes  by  their  altered  course 
at  the  edge  of  the  disc.  The  atrophic  excava- 
tion is  never  very  deep,  and  slopes  gradually 
backwards  from  the  margin,  so  that  the  condi- 
tion may  fitly  be  termed  "  saucering,"  in  contra- 
distinction to  the  deep,  steep-sided  "cupping" 
found  in  chronic  glaucoma  (see  article  "  Glau- 
coma ").  The  occurrence  and  depth  of  an 
atrophic  excavation  are  determined — (a)  by  the 
size  and  form  of  a  formerly  existing  physio- 
logical pit ;  {Jn)  by  the  degree  of  loss  of  nerve 
substance  ;  (c)  by  the  amount  of  new  connective 
tissue  formed,  and  by  the  contraction  which  has 
taken  place  in  this  latter.  At  the  bottom  of 
the  "  saucer  "  the  lamina  cribrosa  may  be  visible 
over  a  large  area,  or  it  may  be  quite  concealed 
by  the  newly  formed  tissue.  The  central  retinal 
blood-vessels  are  in  some  cases  much  diminished 
in  size  ;  in  other  cases  only  very  slightly,  if  at  all. 

In  the  form  of  atrophy  .occurring  after 
papillitis  the  disc  is  usually  white  ;  its  margin 
is  visible,  but  often  ragged-looking  from  irreg- 
ular distribution  of  pigment  in  the  immedi- 
ately surrounding  retina ;  the  central  vessels 
are  frequently  bordered  by  opaque  white  lines, 
and  are  considerably  reduced  in  size  (particu- 
larly the  arteries) ;  the  excavation  is  absent  or 
slight,  and  the  lamina  cribrosa  is  invisible. 

In  what  is  known  as  simple  atrophy  the  disc 
has  a  different  appearance.  It  is  markedly  pale, 
but  seldom  so  white  as  in  the  last  form,  while 
the  lamina  cribrosa  is  conspicuous  over  a  great 
part  of  its  surface ;  the  margin  is  clear  and 
very  distinct,  without  surrounding  pigmentary 
disturbance ;  the  central  vessels  are  normal  in 
size  and  character  or  slightly  reduced  in  size  ; 
the  atrophic  excavation  is  marked.  This  con- 
dition follows  in  all  cases  in  which  the  disc 
becomes  atrophied  secondarily  to  an  affection 
of  the  nerve  quite  behind  the  eyeball — as  from 
gross  retro-ocular  neuritis,  wound,  or  pressure. 
More  rarely  this  form  of  simple  atrophy 
succeeds  a  papillitis,  probably  indicating  that 
the  actual  atrophic  process  in  the  disc  was  not 
produced  by  the  severity  of  the  changes  there, 
but  occurred  secondarily  from  an  inflammation 
that  had  its  greatest  intensity  behind  the  globe. 
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In  simple  degeneration  the  disc-changes  are  also 
usually  of  this  character ;  not  uncommonly  in 
tabes,  however,  there  is  less  distinctness  of  the 
lamina  cribrosa  than  above  described. 

In  the  atrophy  consequent  on  choroido- 
retinal  changes,  the  disc  has  generally  a 
peculiar  opaque,  pale,  yellowish-pink,  "  waxy  " 
appearance,  and  the  retinal  vessels  are  greatly 
diminished  in  size  and  sometimes  in  number. 

In  the  partial  atrophy  produced  by  milder 
forms  of  retro-ocular  neuritis,  and  in  those  due 
to  the  action  of  poisons  {e.g.  tobacco),  the  pallor 
is  often  confined  to  the  temporal  half  or  third 
of  the  disc,  and  this  appearance  frequently 
persists  after  recoveiy  of  function. 

Prognosis. — The  visual  prognosis  is  generally 
unfavourable  in  all  forms  of  true  optic  atrophy. 
In  exceptional  cases .  of  atrophy  following 
papillitis,  considerable  improvement  takes  place, 
when  the  sclerosing  process  does  not  lead  to 
excessive  pressure  on  such  nerve-fibres  as  have 
escaped  destruction  by  the  inflammation.  In 
some  examples  of  retro-ocular  neuritis  followed 
by  an  atrophied  appearance  of  the  disc,  there 
is  a  wonderfully  complete  restoration  of  vision ; 
in  such  cases  the  atrophy  has  mainly  or  en- 
tirely attacked  the  capillaries  on  the  disc,  the 
nerve-fibres  having  escaped  permanent  damage. 

In  primary  atrophy,  almost  complete  blind- 
ness usually  occurs  in  from  one  to  three  years ; 
but  in  some  instances  the  atrophic  process  stops 
while  moderately  useful  vision  still  remains. 
If,  along  with  a  slight  progressive  contraction 
of  visual  field,  there  is  a  rapid  contraction  of 
the  field  for  colour,  the  prognosis  is  imfavour- 
able.  The  presence  of  relatively  good  vision 
with  advanced  ophthalmoscopic  signs  of  atrophy 
is  a  favourable  sign. 

Treatment. — Optic  nerve-fibres  when  once 
destroyed  are  never  restored,  and  the  function 
formerly  perform.ed  by  such  fibres  cannot  be 
regained.  All  that  can  be  expected  from  treat- 
ment, therefore,  is  the  pi'eservation  of  fibres 
that,  though  threatened,  are  as  yet  intact ; 
this  preservation  may  be  permanent  or  only 
temporary — a  mere  postponement  or  retardation 
of  the  destructive  process. 

In  atrophy  due  to  a  neuritis  the  treatment 
is  directed  to  the  inflammatory  process,  and 
has  already  been  considered. 

In  other  cases  our  first  endeavour  must  be 
to  discover  the  cause.  When  the  atrophy  is 
dependent  on  some  recognised  general  condition 
or  toxic  influence,  the  treatment  must  be 
regulated  accordingly.  In  all  forms  of  atrophy 
it  is  most  important  to  prevent,  as  far  as 
possible,  all  depressing  influences  on  mind  and 
body.  Good  food,  healthy  exercise,  and  cheerful 
surroundings  will  constitute  valuable  aids  to 
any  other  remedial  measures.  Subcutaneous 
injections  of  strychnine  are  worthy  of  a  trial. 
Absolute  rest  of  the  eyes,  except  in  inflammatory 
forms,  is  unnecessary.    Moderate  use  is,  if  not 
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actually  beneficial,  certainly  not  apparently 
hurtful ;  and  if  the  atrophy  is  progressive,  and 
vision  doomed  to  fail  in  any  case,  it  is  surely 
cruel  to  prematurely  deprive  the  patient  of 
all  use  of  whatever  vision  remains.  Appropriate 
glasses  should  be  given  to  correct  any  error  of 
refraction,  and  sometimes  to  magnify  near 
objects.  There  must  be  strict  limitation,  how- 
ever, of  all  finer  work,  such  as  reading  ;  a  sense 
of  fatigue,  or  increased  difiiculty  in  seeing 
smaller  objects,  should  be  regarded  as  an 
evidence  of  the  need  for  a  temporary  rest. 
Galvanism  has  been  tried,  but  with  doubtful 
benefit ;  though  it  is  not,  we  believe,  actually 
hurtful  (as  has  been  asserted),  its  use  cannot 
be  recommended. 

Injuries  to  the  Optic  Nerve. — The  optic 
nerve  may  be  injured  in  any  part  of  its  course, 
either  as  the  result  of  a  blow,  stab,  gunshot 
wound,  or  fracture  of  the  sphenoid  bone.  A 
stab  or  thrust  into  the  orbit  may  (without 
injury  to  the  eyeball)  cut  or  tear  the  nerve ; 
or  may  merely  bruise  it,  or  cause  an  extravasa- 
tion of  blood  within  its  sheath ;  or  again,  with- 
out actually  injuring  the  nerve,  may  sever  the 
central  vessels  outside  its  trunk.  If  a  foreign 
body  penetrate  deeply  it  may  fracture  the 
orbital  wall  near  the  apex,  and  thus  secondarily 
lead  to  injury  of  the  nerve  by  a  displaced  bony 
fragment.  Similarly,  gunsliot  wounds  may 
implicate  the  nerve  either  in  its  orbital  or 
intracranial  course.  Sometimes  the  intraocular 
end  of  the  nerve  is  injured  by  a  fragment  of 
metal  that  has  penetrated  the  eyeball.  Fracture 
of  the  base  of  the  skull,  as  from  a  fall  or  severe 
blow  on  the  head,  sometimes  causes  injury  to 
the  nerve  at  the  optic  foramen,  or  behind  it. 

Sudden  complete  blindness  of  the  correspond- 
ing eye  is  usually  the  immediate  result  of  any 
severe  injury  to  the  optic  nerve.  If  the  solution 
of  continuity  be  complete,  permanent  blindness 
is  the  consequence ;  if  incomplete,  there  may 
be  restoration  of  vision  in  part  of  the  field. 
When  the  nerve  is  simply  bruised,  or  pressed 
upon  by  extravasation  within  the  sheath,  sight 
may  be  restored ;  usually,  however,  secondary 
changes  afterwards  occur,  leading  ultimately 
to  complete  or  partial  atrophy. 

The  ophthalmoscopic  appearances  are  usually 
at  first  of  a  normal  character,  but  as  the 
atrophic  process  reaches  the  disc,  it  gradually 
assumes  the  appearance  of  an  ordinary  simple 
ati'ophy.  If,  however,  the  central  artery  be 
cut  or  torn  across,  we  at  once  find  changes  in 
the  fundus  similar  to  those  met  with  in  em- 
bolism of  this  vessel. 

The  treatment  of  the  recent  injury  must  be 
based  on  general  surgical  principles.  Later,  if 
the  continuity  of  the  nerve  has  been  preserved, 
the  measures  recommended  above  in  optic 
atrophy  may  be  tried. 

Tumours  of  the  Optic  Nerve. — The  optic 
nerve  trunk  (including  its  pial  sheath)  may  be 
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the  original  seat  of  a  tumour.  It  may  also  be 
involved  secondarily  by  the  extension  of  growths 
arising  (a)  within  the  eyeball  (from  retina  and 
choroid) ;  {b)  in  its  dural  sheath ;  (c)  or  in  the 
surrounding  orbital  tissue. 

When  the  nerve  is  primarily  involved  by  a 
new  growth,  there  is  little  or  no  pain,  and  the 
movements  of  the  globe  are  usually  good ;  but 
there  is  early  failure  of  vision,  papillitis  or  optic 
atrophy,  and  later  proptosis.  The  most  common 
form  of  such  a  tumour  is  myxo-sarcoma. 

Of  intraocular  growths  secondarily  aff'ecting 
the  nerve,  we  must  mention  retinal  glioma  and 
sarcoma  of  the  choroid :  the  former  extends 
in  the  medullary  substance  of  the  nerve,  the 
latter  spreads  along  the  sheath  and  fibrous 
framework. 

At  the  optic  disc  there  is  occasionally  seen  a 
projection  of  small,  pearl-like  bodies,  of  the 
nature  of  the  "  corpora  amylacea "  found  else- 
where in  the  central  nervous  system,  and  not 
necessarily  connected  with  any  visual  loss. 
Gummata  seem  particularly  apt  to  involve  the 
optic  nerve  fibres  in  the  optic  canal  and  at  the 
chiasma  ;  in  the  latter  situation,  also,  deposits 
of  cheesy,  tuberculous  material  are  sometimes 
found. 

Congenital  Abnormalities. — Imperfect  clos- 
ure of  the  cleft  in  the  embryonic  optic  cup  and 
pedicle  leads  to  coloboma  of  the  iris,  choroid, 
or  optic  nerve-sheath,  according  to  the  part  and 
amount  involved.  This  latter — coloboma  of 
the  sheath  of  the  optic  nerve — is  comparatively 
rare.  When  it  occurs,  the  main  branches  of 
the  central  vessels  are  seen  to  emerge  near  the 
upper  edge  of  the  disc-area,  while  the  lower 
part  of  the  latter,  corresponding  to  the  cleft  in 
the  sheath,  is  very  pale  and  deeply  excavated, 
with  small  vessels  curving  round  its  margins. 
The  appearances  vary  considerably  in  different 
cases,  and  the  condition  is  generally  accompanied 
by  coloboma  of  the  neighbouring  part  of  the 
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Anatomy. — The  retina  is  to  be  regarded  as 
a  distinct  off"shoot  from  the  central  nervous 
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system,  in  which  structural  adaptations  have 
occurred  necessary  for  its  special  function  of 
being  stimulated  by  waves  of  light.  The  stimuli 
so  produced — which  vary  in  character  according 
to  the  length  and  height  of  the  waves — it  is 
also  capable  of  transmitting  to  the  brain,  by 
means  of  the  elongated  processes  of  its  ganglion 
cells,  familiarly  known  as  optic-nerve  fibres. 

It  will  be  sufficient  for  our  present  purposes 
to  describe  the  anatomy  of  the  retina  very 
briefly.  It  consists  of  two  distinct  parts — 
pigment -epithelium  and  retina  proper.  The 
former  lies  immediately  on  and  is  closely  at- 
tached to  the  inner  surface  of  the  choroid,  and 
is  formed  by  a  single  layer  of  large  pigmented 
cells ;  in  these  cells  subtle  changes,  probably 
mainly  chemical  in  nature,  are  produced  under 
the  influence  of  light.  The  retina  proper  lines 
the  greater  part  of  the  interior  of  the  eyeball, 
beginning  a  little  behind  the  ciliary  body  and 
reaching  to  the  optic  disc :  it  is  made  up  of 
several  layers — nei've- epithelium,  nerve-cells, 
and  nerve-fibres — held  together  by  a  supporting 
framework  of  delicate  connective  tissue.  The 
nerve-epithelium  is  in  contact  with  and  slightly 
embedded  in  the  pigment  -  epithelium ;  the 
absence  of  any  true  structural  union  between 
these  two  epithelial  layers  renders  a  separation 
liable  to  occur  under  certain  circumstances. 
On  the  inner  surface  of  the  retina  are  the  nerve- 
fibres,  which  converge  and  meet  at  the  disc. 
Between  these  surface  layers  are  numerous 
nerve-cells  and  their  processes.  The  most  im- 
portant of  these  next  the  fibre  layers  are  large 
ganglion  cells,  whose  greatly  elongated  central 
processes  (axons)  constitute  the  fibres  just  men- 
tioned in  the  retina,  and  then  run  and  are 
continiied  by  the  optic  nerves  and  tracts  to 
gain  the  basal  ganglia  of  the  brain.  The  larger 
blood-vessels  of  the  retina  lie  near  its  inner 
surface,  while  the  smaller  branches  run  both  in 
the  inner  and  middle  retinal  layers,  but  none 
enter  the  nerve  epithelium.  The  arteries  do 
not  anastomose  with  one  another,  nor  is  there 
any  communication  between  these  vessels  and 
those  of  neighbouring  structures  after  leaving 
the  disc,  so  that  the  retinal  circulation  is 
terminal.  Near  the  centre  of  the  retina  (to  the 
outer  side  of  the  disc)  is  a  small  spot  called  the 
fovea  centralis,  where  the  epithelial  layers  (pig- 
ment and  nerve  epithelium)  are  alone  present. 

Ophthalmoscopic  Appearances. — On  ophthal- 
moscopic examination,  the  normal  retina,  apart 
from  its  blood-vessels,  is  practically  invisible,  as 
it  does  not  manifestly  interfere  with  the  passage 
of  light  to  and  from  the  chorio-capillaris.  It 
is  not  qtiite  transparent,  however,  and  we  can 
usually  detect  the  presence  of  the  retinal  pig- 
ment as  a  very  fine,  dark  stippling,  visible  on 
the  red  fundus  when  the  pigment  is  very  well 
developed.  In  persons  of  dark  complexion,  and 
particularly  in  dark  races,  the  red  fundus  reflex 
is  very  decidedly  obscured ;  while  this  reflex  is 
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particularly  bright  in  light-complexioned  people, 
on  account  of  the  small  amount  of  pigment 
present.  About  two  disc-diameters  to  the 
temporal  side  of  the  disc,  the  "yellow  spot" 
region  is  recognisable  by  its  darker  shade  of  red, 
destitute  of  visible  blood-vessels;  near  the  centre 
of  this  area  is  a  small  brighter  spot,  marking 
the  position  of  the  fovea  centralis.  The  retinal 
blood-vessels  should  be  carefully  studied  in 
normal  eyes,  particularly  in  young  people.  We 
should  note  the  relative  colour  and  size,  and  the 
character  of  the  central  light-streak  in  the 
arteries  and  veins.  It  will  be  observed  that  both 
sets  of  vessels  usually  branch  dichotomously. 

Diseases  of  the  retina  can  only  be  detected 
by  ophthalmoscopic  examination.  As  already 
mentioned,  the  retina,  with  the  exception  of  its 
blood-vessels  and  its  pigment-epithelium,  is 
almost  quite  transparent,  and  is  therefore 
practically  invisible  ophthalmoscopically.  Its 
diseased  conditions  are  recognised,  accordingly, 
by  changes  in  its  blood-vessels  or  in  its  pigment- 
epithelium,  or  by  a  loss  of  its  normal  transpar- 
ency. The  loss  of  transparency  may  be  general 
or  localised,  sharply  limited  or  diff'use,  and 
such  opacities  may  vary  greatly  in  shape,  size, 
and  colour ;  we  may  mention  as  examples, 
retinal  oedema,  haemorrhages,  and  inflammatory 
exudations. 

Changes  in  Retinal  Blood-Vessels. — Dis- 
turbances in  the  retinal  circulation  Qiay  be 
shown  by  changes  in  the  size  and  course  of  the 
vessels,  in  the  appearance  of  their  walls,  and 
by  a  visible  pulsation.  In  estimating  the  size 
of  the  retinal  vessels  we  regard  chiefly  the 
larger  branches  on  and  near  the  optic  disc, 
comparing  them  with  our  mental  impression  of 
those  in  an  average  normal  eye.  The  departure 
from  normal  may  apply  to  all  the  vessels,  or  to 
the  arteries  or  veins  alone ;  or  it  may  only  be 
observed  in  one  or  two  branches  ;  or  again,  the 
same  vessel  may  show  an  irregularity  in  its 
calibre  at  diff'erent  points.  On  making  observa- 
tions on  the  relative  size  of  the  arteries  and 
veins,  it  is  to  be  remembered  that  the  normal 
artery  has  a  diameter  of  about  two-thirds  that 
of  the  corresponding  vein.  By  the  direct 
method  of  observation  the  vessels  will  appear 
larger  in  the  mj'opic  and  somewhat  smaller  in 
the  hypermetropic  eye,  while  by  the  indirect 
method  an  opposite  effect  will  be  produced. 
An  erroneous  estimation  of  size  may  also  be 
caused  by  failing  to  note  an  abnormal  rate  of 
subdivision — the  earlier  the  branching  occurs  the 
smaller  the  individual  vessels  will  be  at  a  given 
distance  from  the  centre  of  the  disc. 

(1)  A  general  enlargement  of  the  retinal 
vessels,  with  an  unusually  dark  blood-column, 
is  present  in  congenital  defects  of  the  heart  with 
cyanosis.  The  retinal  vessels  ai-e  also  found 
somewhat  distended  in  extreme  cases  of  Graves' 
disease.  A  general  reduction  in  the  size  of  the 
vessels  is  occasionally  present  in  marked  ansemia 
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and  in  renal  disease ;  it  is  particularly  conspicu- 
ous in  cases  of  chronic  retinal  atrophy. 

(2)  The  arteries  alone  may  be  small  in  cases 
of  optic  neuritis  (late  stages),  of  embolism, 
arterial  thrombosis,  and  of  quinine  poisoning ; 
occasionally  also  in  general  anajmia  {e.g.  after 
great  hccmorrhage),  where  the  veins  appear 
normal,  or  even  large  from  being  flattened, 
owing  to  their  reduced  intravascular  tension. 
Earely,  the  arteries  are  temporarily  reduced  in 
size  from  spasm  of  their  walls. 

(3)  In  ve7ious  distension  these  vessels  are 
large,  rounded,  abnormally  dark,  and  tortuous. 
This  condition  may  be  dependent  on  local  or 
general  interference  with  the  venous  blood-flow. 
When  the  cause  is  local  the  distension  is  some- 
times very  great,  and  haemorrhages  are  common. 
Among  local  causes  may  be  mentioned  optic 
neuritis,  venous  thrombosis,  and  pressure  exerted 
by  a  diseased  overlying  retinal  artery,  as  the 
most  common.  The  retinal  veins  may  be  dis- 
tended as  part  of  a  general  venous  congestion 
in  the  head,  from  pressure  on  the  great  veins 
of  the  neck.  Again,  the  retinal  congestion  may 
be  part  of  a  general  venous  distension,  either 
temporarily,  as  from  coughing  or  straining  at 
stool ;  or  continuously,  as  in  mitral  disease  and 
pvilmonary  emphysema. 

(4)  Occasionally  we  find  irregularity  in  the 
size  of  both  arteries  and  veins  in  different  parts 
of  their  course  over  the  retina.  For  example, 
an  arterial  branch  of  normal  size  near  the  disc 
may  soon  quickly  dwindle  without  having  given 
off  any  branch  meanwhile  ;  on  tracing  it  farther 
out,  this  vessel,  or  one  of  its  subdivisions,  again 
swells  out  to  its  normal  calibre,  or  even  larger. 
In  the  same  fundus  the  veins  will  usually  also 
exhibit  marked  irregularities  in  size  where 
crossed  over  by  arteries,  an  interruption  seem- 
ingly taking  place  at  this  point,  and  the  vein 
being  distended  on  the  peripheral  side  of  the 
crossing.  In  these  cases  there  is  hyaline  de- 
generation with  enlargement  of  the  outer  and 
middle  arterial  coats,  and  the  pressure  thus 
produced  on  the  underlying  thin-walled  vein 
interferes  with  its  blood-flow.  The  appearances 
described  are  usually  associated  with  granular 
kidney  (see  later). 

hicreased  tortuosity  is  more  common  in  the 
veins  than  in  the  arteries  of  the  retina.  Such 
a  course  is  always  found  in  congested  retinal 
veins.  When  in  the  plane  of  the  retina  the 
exaggerated  tortuosity  is  easily  observed  ;  an 
antero-posterior  curve  also  occurs,  and  is  recog- 
nised by  the  vein  being  there  darker  than  else- 
where, and  by  a  local  absence  of  the  central 
light-streak. 

The  arteries  are  usually  unduly  tortuous  when 
affected  by  the  hyaline  degeneration  mentioned 
above. 

In  exceptional  cases,  normally  sized  vessels, 
both  arteries  and  veins,  show  great  tortuosity ; 
this  condition  has  been  observed  in  connection 


with  a  liability  to  severe  headaches  in  some 
hypermetropic  persons. 

Changes  in  the  vascular  walls  are  often  recog- 
nisable with  the  ophthalmoscope  : — 

(1)  A  comparatively  common  form  presents 
the  appearance  of  distinct  narrow  white  lines 
bounding  each  side  of  the  red  blood  column. 
It  is  more  frequent  in  the  arteries  than  in  the 
veins,  and  is  then  due  to  thickening  of  the 
adventitia,  or  to  a  deposit  of  white  cells  around 
the  vessel.  The  perivascular  lymph  space  of 
the  veins  may  be  the  seat  of  a  similar  deposit. 
This  vascular  change  often  follows  inflammation 
of  the  retina,  as,  for  example,  in  the  form 
accompanying  papillitis,  and  is  best  seen  on  the 
larger  vessels  at  and  near  the  disc.  But  the 
same  appearance  may  occur  independently  of 
any  inflammation.  Occasionally  the  entire 
breadth  of  the  artery  looks  white,  or  there  may 
be  merely  a  narrow  red  line  in  the  centre ;  yet 
in  such  a  case  there  is  no  necessary  loss  of 
vision,  since  the  lumen  of  the  vessel  may  not  be 
involved. 

(2)  In  some  cases  the  arteries  have  a  much 
brighter  reflex  than  usual,  with  a  brilliant 
central  light-streak.  This  appearance  is  usually 
accompanied  by  the  other  phenomena  mentioned 
as  characteristic  of  hyaline  degeneration. 

(3)  Aneurysms  may  occur  either  on  the 
larger  branches  of  the  central  artery,  or  on  the 
smaller  twigs  and  capillaries  of  the  retina.  The 
latter  are  of  clinical  importance  from  their 
having  been  found  associated  with  a  similar 
condition  of  the  small  vessels  in  the  brain. 

Visible  pulsation  in  one  or  more  of  the  large 
vei7is  on  the  disc  is  not  uncommon  in  normal 
eyes ;  it  is  best  seen  just  at  the  edge  of  the 
physiological  pit.  It  also  occurs,  pathologically, 
from  the  same  causes  that  produce  arterial 
pidsation.  This  latter  is  never  normally 
present,  but  occurs  in  aortic  regurgitation,  and 
in  increased  intraocular  tension,  whether  from 
disease,  or  mechanically  produced,  as  by  finger- 
pressure  from  without.  It  has  also  been  ob- 
served in  acute  ansemia  from  profuse  hsemor- 
rhage.  Arterial  pulsation  is  usually  visible 
only  in  the  large  vessels  on  the  disc,  but  in 
aortic  cases  it  may  sometimes  be  traced  peri- 
pherally in  branches  of  comparatively  small 
size. 

A  peculiar  form  of  visible  circulation  in  both 
arteries  and  veins  is  seen  not  infrequently  in 
recent  embolism  of  the  arteria  centralis  (see 
later). 

Abnormalities  in  the  Pigment  of  the 
Retina. — A  congenital  deficiency  of  this  pig- 
ment is  general  over  the  entire  fundus,  and  is 
familiar  to  us  in  partial  or  complete  albinism. 
Pathological  changes  also  frequently  take  place 
in  this  layer.  Over  a  greater  or  less  fundus 
area  the  pigment  may  be  removed  from  its 
normal  situation,  and  we  thereupon  get  an  un- 
usual reflex,  differing  in  character  according  to 
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the  degree  in  which  the  choroidal  tissues  have 
participated  in  the  pathological  change.  Pig- 
ment so  disturbed  may  be  visible  as  a  diffuse, 
coai'se  peppering  over  the  red  fundus-refles,  or 
it  may  be  collected  in  larger  masses  of  various 
forms  over  the  denuded  area,  or  again  aggre- 
gated in  the  form  of  a  fairly  regular  ring  sur- 
rounding the  affected  patch.  Such  pigmentary 
changes  are  usually  rightly  considered  along 
with  their  associated  choroidal  diseases,  but  one 
particular  form  (retinitis  pigmentosa)  will  re- 
ceive our  attention  in  this  article  when  we  come 
to  consider  atrophic  changes  in  the  retina. 

Occasionally,  in  persons  beyond  middle  life, 
we  see  numerous  round,  yellowish-white,  trans- 
lucent spots  of  small  size,  bordered  with  pig- 
ment. They  may  be  found  in  any  part  of  the 
fundus,  but  are  particularly  common  in  the 
macular  region  and  in  the  extreme  periphery. 
They  are  due  to  the  presence  of  small  colloid 
bodies  projecting  into  the  retina,  probably 
derived  from  the  cells  of  the  pigment-epithelium, 
and  associated  with  an  altered  nutrition  of  this 
layer.  When  near  the  fovea  they  cause  some 
disturbance  of  vision,  but  are  not  otherwise  of 
clinical  importance. 

Apart  from  circulatory  and  pigmentary 
changes,  we  may  recognise  retinal  affections  by 
an  interference  with  the  normal  transparency  of 
the  retina.  Thus  we  may  have  diffuse  haze 
from  oedema,  red  patches  from  haemorrhages, 
black  deposits  of  pigment,  or  opaque  white  areas 
from  exudation  or  from  fatty  changes.  Again, 
the  retina  may  be  visibly  raised  from  its  normal 
position  in  the  fundus  as  the  result  of  an  exuda- 
tion or  solid  growth. 

HEMORRHAGES  may  occur  in  the  retina  at 
any  part  of  the  fundus,  and  are  readily  recog- 
nised, when  recent,  from  their  bright  red 
colour.  There  may  be  only  one,  or  they  may 
be  practically  countless ;  and  they  may  vary  in 
size  from  a  just  visible  spot  or  streak  to  a  patch 
much  larger  than  the  optic  disc.  They  are 
most  common  near  the  large  vessels  in  the 
nerve-fibre  layer,  and  then  have  a  striated  or 
flame-shaped  appearance  from  the  extravasated 
blood  having  passed  between  and  run  along  the 
nerve-fibre  bundles.  Sometimes  they  occur 
from  the  fine  vessels  in  the  inner  nuclear  layer, 
and  are  then  usually  small  and  rounded  in  form. 
Occasionally  a  very  large,  sharply  defined  haemor- 
rhage is  found  covering  the  macula  ;  in  this 
case  the  extravasation  is  more  or  less  rounded, 
sometimes  with  a  flat  upper  edge,  and  is 
situated  between  the  hyaloid  and  internal 
limiting  membranes.  A  large  haemorrhage 
often  bursts  through  the  hyaloid  membrane 
into  the  vitreous,  or  sometimes  passes  back- 
wards and  causes  detachment  of  the  retina. 
Haemorrhages  interfere  with  sight  according  to 
their  size  and  position ;  those  mentioned  as 
occurring  at  the  macula  necessarily  cause  loss 
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of  central  vision,  though  in  this  case  the  prog- 
nosis is  good.  Very  commonly  their  presence 
is  of  less  visual  importance,  in  so  far  as  sight 
has  been  already  impaired  by  the  disease  of  the 
optic  nerve  or  retina,  of  which  the  haemorrhages 
are  merely  a  result.  Absorption  takes  place 
gradually,  its  rapidity  being  greatest  in  htemor- 
rhages  of  small  size  and  in  those  unassociated 
with  disease  of  the  blood-vessels.  There  is  often 
no  trace  ultimately  left,  or  there  may  be  a  dark 
pigmentation  or  brilliant  yellowish-white  spots 
marking  their  former  position. 

Causes. — Haemorrhages  may  be  part  of  an 
inflammation  of  the  retina  or  optic  nerve,  or 
they  may  be  dependent  directly  on  general  con- 
ditions, or  on  retinal  disease  consequent  on 
general  conditions.  The  extravasation  may  be 
due  to  rupture  of  vessels  or  to  diapedesis  from 
a  vein.  The  following  statement  will  serve  to 
show  the  possible  manner  of  their  occurrence  : — 

A.  Rupture  of  vessels  from — 

(1)  Increased  intravascular  pressu7'e,  local  or 
general,  (a)  Local,  e.g.,  from  contusion  of  the 
eyeball,  or  from  great  venous  distension,  as  in 
venous  thrombosis  or  other  manner  of  interfer- 
ence with  venous  return.  (6)  General,  as  from 
cough,  or  other  violent  effort,  and  perhaps  from 
high  arterial  tension,  with  or  without  hyper- 
trophy of  the  left  ventricle. 

(2)  Sudden  diminution  of  the  vitreous  support, 
as  in  wound  of  the  globe. 

(3)  Weakness  of  a  degenerated  vascidar  wall, 
as  in  sclerosis  and  miliary  aneurysms  of  the 
retinal  vessels,  sometimes  in  embolism  or  throm- 
bosis of  the  small  arteries.  Such  vascular 
changes  are  usually  concomitants  of  some 
general  affection,  such  as  cardiac  or  renal  dis- 
ease, or  diabetes. 

B.  Diapedesis  may  be  the  result  of — 

(1)  Increased  Intravenous  Pressure. — This  is 
not  always  a  direct  effect ;  indeed,  the  retinal 
veins,  on  account  of  their  capacity  for  becoming 
dilated  and  stretched,  may  resist  for  a  long  time. 
But  this  disturbance  and  slowing  of  venous  flow 
leads  to  an  oedema  of  the  corresponding  retinal 
area  ;  and  as  the  walls  of  the  vessels  in  this  area 
suffer  in  consequence  (along  with  the  other 
retinal  tissues),  they  undergo  degenerative 
changes,  leading  finally  to  diminished  resistance 
to  the  passage  of  the  red  blood-cells  through 
them.  Haemorrhages  occurring  in  this  way 
often  remain  near  the  vein  from  which  the  blood 
has  escaped,  but  not  invariably  so.  Not  infre- 
quently, when  the  veins  are  engorged  and  the 
retina  oedematous,  one  or  more  haemorrhages 
are  seen  lying  alongside  the  corresponding  artery. 
This  position,  however,  is  no  evidence  of  the 
blood  being  arterial  in  origin  ;  it  is  more  prob- 
able that  it  passes  from  the  vein  slowly  along 
between  the  nerve-fibres,  where  there  is  least 
resistance,  until  it  meets  the  obstruction  caused 
by  the  body  of  the  artery,  and  then  spreads 
along  its  side. 
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(2)  An  Altered  Condition  of  the  Blood. — This 
is  possibly  the  operative  cause,  in  part  at  least, 
of  the  haemorrhages  found  in  cases  of  diabetes, 
severe  anfemia,  leucocythfemia,  ague,  purpura, 
scurvy,  and  pyaemia. 

Retinal  haemorrhages,  with  tendency  to  re- 
currence, are  occasionally  met  with  in  young 
people,  particularly  men,  without  any  obvious 
cause.  These  haemorrhages  may  be  small  and 
peripheral,  and  of  small  consequence  ;  in  other 
cases,  or  later  in  the  same  individuals,  they  are 
larger  in  size,  often  bursting  through  into  the 
vitreous,  and  not  seldom  followed  by  detached 
retina  and  loss  of  sight. 

The  treatment  of  retinal  haemorrhage  must 
necessarily  vary  with  the  general  and  local 
states  with  which  it  is  associated  or  on  which  it 
depends.  In  recent  cases  of  large  haemorrhage 
into  the  vitreous,  iced  compresses  may  be  applied 
over  the  eyelids. 

Inflammation  of  the  retina  is  usually  the 
result  of  some  general  disease,  and  the  classifica- 
tion of  its  forms  commonly  adopted  is  clinical 
rather  than  pathological.  When  an  inflamma- 
tion commences  in  the  retina,  the  papilla  is 
generally  secondarily  involved ;  and,  again,  ret- 
initis, mainly  of  the  inner  layer,  is  not  infre- 
quent in  cases  of  papillitis. 

The  principal  ophthalmoscopic  evidences  of 
retinitis  are — loss  of  retinal  transparency,  dilata- 
tion of  the  veins,  and  a  tendency  to  the  occurrence 
of  haemorrhages  and  white  patches.  Sometimes 
there  are  numerous  opacities  in  the  vitreous. 
Anatomically,  we  find  serous  infiltration  of  the 
retina,  inflammatory  exudations,  haemorrhages 
in  the  inner  or  middle  layers,  fatty  degenerations, 
swelling  of  the  Mullerian  fibres,  and  hypertrophy 
and  sclerosis  of  nerve-fibres. 

The  impairment  of  vision,  both  temporary 
and  permanent,  varies  much  in  diff'erent  cases. 
The  treatment  must  be  regulated  mainly  by  the 
general  condition  of  the  patient.  Complete 
rest  of  the  eyes  must  be  enjoined,  along  with 
the  use  of  dark,  neutral  tint  glasses.  Counter- 
irritants  to  the  temple  are  occasionally  bene- 
ficial. 

HEMORRHAGIC  RETINITIS  is  Serviceable  as  a 
clinical  term  in  cases  where  we  have  numerous 
haemorrhages  along  with  evidence  of  retinal  in- 
flammation. It  usually  affects  one  eye  only, 
and  is  seldom  found  before  middle  life  is  passed. 
The  haemorrhages  are  generally  small  and 
numerous,  chiefly  in  the  inner  layers  of  the 
retina ;  they  are  sometimes  widely  distributed 
over  the  fundus,  at  other  times  confined  to  the 
distribution  of  one  retinal  vein.  The  papilla  is 
hyperaemic,  with  blurred  margins.  There  is 
diffuse  opacity  of  the  retina  from  oedema,  which 
may  be  general  or  localised.  All  the  veins  may 
be  very  greatly  distended,  or  there  may  be  a 
less  degree  of  fulness  in  only  one  large  branch. 
We  frequently  find  a  few  circumscribed  white 
spots,  and  occasionally  these  assume  the  stellate 
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distribution  at  the  macula  that  is  so  common  in 
renal  retinitis. 

Causes. — There  are  two  types  of  this  affection 
indicated  in  the  above  description,  each  probably 
with  a  distinct  mode  of  occurrence. 

(a)  When  the  veins  are  very  greatly  distended, 
while  the  arteries  appear  normal,  the  operative 
cause  is  possibly  a  venous  thrombosis.  This 
may  affect  the  vena  centralis  or  one  of  its 
branches  ;  in  the  latter  case  the  venous  engorge- 
ment, oedema,  etc.,  are  limited  to  the  drainage 
area  of  the  affected  vessel.  The  reason  for  the 
occurrence  of  the  thrombosis  is  generally  obscure ; 
there  is  usually,  probably,  a  surrounding  inflam- 
mation, implicating  the  vein  secondarily. 

(b)  The  veins  are  not  much  distended,  and 
look  normal  generally  on  the  disc  itself. 

The  point  of  obstruction  in  the  venous  flow 
in  such  a  case  is  usually  ophthalmoscopically 
visible  in  one  or  more  branches,  and  is  then 
evidently  due  to  the  pressure  exerted  by  an 
overlying  retinal  artery.  The  arteries  present 
the  appearances  described  above  as  character- 
istic of  hyaline  degeneration,  the  secondary  and 
tertiary  branches  of  the  arteria  centralis  being 
particularly  bright  and  "  silver-wire  "  looking. 
Not  infrequently  we  can,  by  tracing  the  ob- 
structed vein  towards  the  periphery,  observe 
oedema  and  haemorrhages  in  its  area.  The 
macula  is  sometimes  involved  in  the  oedema ; 
we  then  usually  find  a  few  white  spots  in  this 
situation,  and  occasionally  these  are  arranged 
in  rays  diverging  from  the  fovea  (macular 
stellate  figure) ;  while  exceptionally  the  extreme 
periphery  of  the  macular  neighbourhood  is 
surrounded  by  a  circle  of  white,  irregular  in 
breadth  (circinate  retinitis). 

The  oedema,  haemorrhages,  white  spots,  etc., 
are  secondary  to  the  venous  obstruction,  which 
again  is  dependent  on  the  arterial  disease. 
This  latter  is,  in  the  great  majority  of  cases, 
if  not  always,  only  part  of  a  widely  diffused 
arterial  degeneration,  which  tends  particularly 
to  affect  the  minute  arteries  of  the  retina,  pia 
mater,  and  kidney.  Patients  with  this  retinal 
condition  are  very  often  gouty,  and  they  fre- 
quently give  a  history  of  having  suffered  from 
severe  migraine.  In  all  such  cases  the  urine 
should  be  examined  carefully  and  repeatedly 
for  the  presence  of  albumin ;  the  particular 
form  of  renal  disease  associated  with  this  con- 
dition is  the  granular  kidney. 

The  local  prognosis  is  unfavourable,  though 
sight  sometimes  improves  for  a  time.  The 
general  prognosis  is  also  grave,  in  as  far  as 
there  is  a  marked  liability  to  the  occurrence  of 
cerebral  thrombosis  or  haemorrhage. 

Albuminuric  retinitis  is  a  term  long  in 
general  use,  to  indicate  a  definite  ophthalmo- 
scopic picture  of  great  clinical  significance.  It 
is  characterised  particularly  by  the  presence  of 
numerous  soft-looking,  light-coloured  patches, 
and  of  small,  opaque,  sharply  cut,  very  white 
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dots  or  strige  at  the  macula.  The  atfection  of 
the  papillae  varies  between  a  mere  slight  con- 
gestion and  a  decided  engorgement ;  in  the 
latter  case  the  veins  are  distended,  and  there  is 
a  marked  tendency  to  heemorrhages,  which  occur 
mainly  in  the  nerve-fibre  layer.  The  soft-edged 
light  patches  occur  comparatively  early,  and 
are  found  mainly  in  the  neighbourhood  of  the 
papilla ;  they  are  of  rather  large  size,  and 
usually  lie  behind  the  retinal  vessels,  but 
sometimes  in  front  of  them.  The  white  punctate 
spots  appear  later,  and  are  arranged  in  the  form 
of  a  fan  or  star,  the  lines  radiating  from  the 
fovea  centralis.  Both  eyes  are  nearly  always 
affected. 

Causes. — This  form  of  retinitis  is  most  com- 
monly associated  with  chronic  disease  of  the 
kidney,  especially  the  contracting  granular 
form.  It  is  also  sometimes  met  with  in  acute 
nephritis  after  scarlatina,  and  is  often  present 
in  the  albuminuria  of  pregnancy.  It  must  be 
remembered,  however,  that  we  may  have  a 
papillitis  or  papillo-retinitis,  very  like  that  from 
intracranial  affections,  in  renal  disease,  without 
the  typical  appearance  above  described.  On 
the  other  hand,  retinitis  of  the  albuminuric  type, 
with  stellate  macular  figure,  etc.,  occurs  ex- 
ceptionally in  connection  with  intracranial 
aff"ections,  diabetes,  or  antemia,  without  there 
being  evidence  or  other  suspicion  of  renal  dis- 
ease. The  most  valuable  factor  in  the  ophthal- 
moscopic diagnosis  in  all  doubtful  cases  is  the 
condition  of  the  retinal  arteries  ;  if  these  have 
undergone  hyaline  degeneration,  renal  disease  is 
almost  certainly  present.  This  arterial  change 
is,  we  believe,  always  present  in  the  retinitis 
found  along  with  the  albuminuria  of  pregnancy, 
indicating  that  such  patients  are,  in  fact,  the 
subjects  of  chronic  renal  disease,  and  that 
pregnancy  has  had  a  prejudicial  effect  on  the 
malady. 

Prognosis. — (a)  Local. — If  improvement  takes 
place  in  the  general  condition  or  renal  affection, 
the  retinal  changes  may  subside,  but  the 
changes  at  the  macula  persist  for  a  long  time 
even  in  the  most  favourable  cases,  e.g.  those 
occurring  after  scarlatina  and  during  pregnancy. 
In  the  last-mentioned  group  the  prognosis  is 
relatively  more  favourable  if  the  retinitis  has 
not  occurred  during  any  previous  pregnancy, 
and  if  it  occurs  during  the  later  months.  In- 
duction of  premature  labour  is  often  advisable 
— always  if  the  retinal  condition  is  grave  or 
getting  rapidly  worse. 

{h)  The  prognosis  as  regards  life  is  unfavour- 
able in  cases  of  albuminuric  retinitis  in  chronic 
renal  disease,  except  where  pregnancy  has  been 
the  determining  factor,  the  subjects  of  it  often 
dying  within  a  year  after  the  vision  has  become 
thus  affected. 

Syphilitic  Retinitis.  —  This  is  usually  an 
inflammation  of  a  chronic  diffuse  type,  without 
gross  ophthalmoscopic   changes.     The  retina 
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becomes  hazy  and  grey,  especially  near  the 
papilla,  at  the  macula,  and  along  the  larger 
vessels.  The  large  veins  are  somewhat  dis- 
tended, and  the  outline  of  the  papilla  is  blurred. 
White  patches  and  hsemorrhages  are  rare.  The 
viti-eous  often  shows  fine  dust-like  opacities  close 
in  front  of  the  retina.  Occasionally,  on  the 
inner  surface  of  the  retina,  one  or  more  white 
bands  of  exudation  are  formed,  which  after- 
wards are  organised  into  connective  tissue,  and 
may  ultimately  occasion  detachment  of  the 
retina.  Choroiditis  is  often  an  accompaniment. 
The  retinal  affection  usually  comes  on  late  in 
the  secondary  stage,  often  about  the  end  of  the 
first  year,  and  is  relatively  more  common  in 
persons  who  have  acquired  syphilis  rather  late 
in  life  ;  it  is  also  met  with,  however,  in  young 
children  who  have  inherited  the  disease.  It 
may  occur  in  both  eyes,  or  in  one  eye  only. 
Later,  the  retina  often  shows  atrophic  changes, 
with  pigmentation. 

Couj-se. — There  is  early  visual  failure,  often 
with  night-blindness,  and  sometimes  micropsia. 
The  retinitis  lasts  for  months,  with  a  tendency 
to  occasional  temporary  improvement ;  the 
ultimate  result  is  usually  favourable  if  proper 
treatment  is  pursued.  When  atrophy  and  pig- 
mentation result  there  is  much  permanent  loss 
of  vision. 

Treatment. — It  is  impossible  to  insist  too 
strongly  on  the  necessity  of  early  mercurial 
treatment,  preferably  by  inunction.  The  local 
treatment  of  retinitis  has  already  been  described. 

Leucocyth^mic  Retinitis.  —  Retinal  changes 
not  infrequently  occur  in  the  splenic  form  of 
leucocythsemia,  and  are  then  always  present  in 
both  eyes,  though  often  in  an  unequal  degree. 
In  a  typical  case  of  this  affection  there  are 
retinal  hsemorrhages  of  peculiar  character,  ap- 
pearing as  white  patches  surrounded  by  a  red 
border ;  these  are  found  particularly  at  the 
limits  of  the  retinal  circulation,  viz.  at  the 
macula  and  at  the  periphery  of  the  fundus. 
There  are  also  ordinary  haemorrhages,  usually 
of  small  size,  and  widespread  retinal  haze  with 
blurring  of  the  disc.  The  general  fundus-reflex 
is  of  an  orange  -  yellow  colour ;  the  retinal 
arteries  are  bright  orange,  and  the  veins  broad, 
flattened,  and  of  a  light  carmine  tint. 

Diabetic  Retinitis. — Retinitis  is  not  common 
in  diabetes,  but  when  it  occurs  is  nearly  always 
found  in  both  eyes.  There  is  seldom  haze  of 
the  retina  or  change  in  the  papilla.  The  most 
common  form  of  this  affection  shows  at  first 
simply  many  small  retinal  haemorrhages ;  but 
in  some  cases  we  have  later  rather  large,  flat- 
looking,  white,  opaque  spots  at  the  macula,  with 
sharp,  crenated  borders.  In  other  cases  the 
appearances  closely  resemble  those  found  in 
renal  disease,  but  in  these  cases  the  arteries 
show  hyaline  degeneration  with  pressure  on  the 
veins,  and  granular  kidney  is  probably  pi'esent 
in  addition. 
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Central  retinitis  prom  exposure  to  direct 
SUNLIGHT  has  been  occasionally  met  with  in 
persons  who  have  looked  at  an  eclipse  of  the 
sun  without  adequate  protection.  Immediately 
after  the  exposure  there  is  some  loss  of  central 
vision,  in  the  form  of  a  central  scotoma.  In 
very  severe  cases  this  remains  permanent,  but 
generally  improvement  slowly  takes  place. 
Ophthalmoscopically  the  macula  is  found  to  be 
more  darkly  pigmented  than  usual,  with  some 
large  granular  deposits  near  the  fovea,  which 
latter  is  visible  as  a  greyish  yellow  spot.  In 
severe  cases  with  permanent  scotoma  there  is 
probably  some  destruction  of  the  outer  segments 
of  the  cones,  as  well  as  change  in  the  pigment 
epithelium. 

The  treatment  should  consist  mainly  in  the 
use  of  dark  glasses.  Leeches  or  counter-irritants 
applied  to  the  temple  have  been  recommended. 

Central  Retinal  Change  in  Inpants. — 
Mention  must  be  made  of  this  rare  affection, 
which  has  important  clinical  and  pathological 
relations.  About  the  age  of  three  or  four 
months  the  child  is  noticed  to  be  listless,  with 
weakness  of  the  muscles  and  apparently  im- 
perfect sight.  The  ophthalmoscope  shows  a 
dense  grey,  slightly  raised  opacity  occupying 
the  macular  region,  in  the  centre  of  which  is  a 
bright  red  spot — a  condition  like  that  found  in 
embolism  of  the  central  artery.  The  disc  may 
even  now  be  pale,  and  becomes  progressively 
more  atrophic.  Soon  the  child  becomes  quite 
blind,  with  pupils  inactive  to  light ;  there  is  an 
apathetic  state  and  partial  muscular  paralysis  ; 
finally,  nourishment  fails  and  death  takes  place 
about  the  age  of  two  years.  The  ophthalmo- 
scopic changes  are  always  present  in  both  eyes. 
The  disease  sometimes  affects  several  members 
of  a  family.  Pathologically,  atrophic  changes 
have  been  found  in  the  neurones  of  the  cerebral 
cortex,  and  presumably  similar  changes  occur 
in  those  of  the  retina.  No  treatment  is  of  any 
avail. 

Central  Retinal  Afpection  from  Toxic  In- 
fluence.— The  particular  form  of  visual  failure 
known  as  toxic  amblyopia  has  generally  been 
considered  under  the  diseases  of  the  optic  nerve, 
as  the  recognised  changes  in  the  fibres  seemed 
to  indicate  that  the  affection  was  a  variety  of 
retro-ocular  neuritis.  Recent  knowledge  re- 
garding the  constitution  of  the  neurone  has 
rendered  necessary  a  reconsideration  of  the 
hitherto  accepted  pathological  nature  of  this 
particular  affection  of  the  nerve  fibres,  and 
there  is  good  reason  to  believe  that  the  large 
macular  ganglion  cells  in  the  retina  first  suffer 
under  certain  toxic  influences,  and  that  the 
implication  of  their  axons  or  nerve  fibres  is  in 
reality  secondary.  There  is  no  certain  know- 
ledge as  to  the  exact  manner  in  which  the 
ganglion  cells  are  thus  affected — whether  it  be 
a  direct  poisonous  influence  communicated  to 
them  through  the  circulation,  or  whether  the 


nutrient  arteries  are  themselves  first  damaged 
by  the  poison  conveyed  in  the  blood. 

Tobacco  is  by  far  the  most  common  toxic 
agent  in  this  disease,  and  the  subjects  are 
nearly  all  males  at  or  beyond  middle  life.  As 
a  rule,  these  persons  have  used  strong,  coarse 
tobacco,  and  have  either  smoked  or  chewed 
(sometimes  both)  a  comparatively  large  amount. 
In  a  considerable  proportion  of  the  cases  there 
is  a  history  of  recent  mental  shock  or  worry, 
which  probably  predisposes  the  nervous  system 
to  suffer,  but  which  also  frequently  induces  a 
larger  consumption  of  the  drug.  Other  toxic 
agents,  that  either  initiate  similar  effects  or  pre- 
dispose the  nerve  cells  to  suffer  from  tobacco, 
are  lead,  alcohol,  and  bisulphide  of  carbon.  Dia- 
betes, and  perhaps  also  granular  kidney,  have 
a  similar  influence. 

The  visual  failure  is  progressive,  occurs  in 
both  eyes,  and  is  most  marked  in  bright  lights. 
On  examination,  the  defect  is  in  the  central 
part  of  the  visual  field,  occupying  the  fixation 
area  and  a  little  to  its  outer  side,  where  there  is 
marked  colour-blindness  for  green  and  red. 

Ophthalmoscopic  examination  commonly  shows 
slight  pallor  of  the  outer  third  of  the  disc.  In 
some  cases  a  few  round,  brightish  yellow  dots  of 
moderate  size  are  observed  at  the  macula,  but 
it  is  doubtful  how  far  these  are  associated  with 
the  toxic  changes,  as  similar  dots  are  not  un- 
common in  this  region  in  persons  with  normal 
vision.  In  a  very  considerable  number  of  cases 
— especially  those  occurring  in  oldish  men  when 
there  is  a  delayed  recovery  of  vision  under  treat- 
ment— evidences  of  hyaline  degenerations  of 
the  retinal  arteries  are  observable. 

The  treatment  consists  principally  in  an 
absolutely  strict  abstinence  from  tobacco  in 
every  form,  and  in  avoiding  any  other  influence 
that  may  be  fairly  judged  detrimental.  Good 
food  and  fresh  air  are  important,  and  it  is  usual 
to  give  strychnine  in  small  doses.  Recovery  of 
sight  rarely  commences  for  several  weeks,  but 
then  as  a  rule  proceeds  rapidly  and  satisfactorily 
(see  also  "Amblyopia,"  vol.  i.  p.  115). 

Retinitis  proliferans  is  a  term  applied  to 
an  affection  of  the  fundus,  in  which  thick,  white 
strands  of  connective  tissue  cover  part  of  the 
retina,  encroaching  on  the  vitreous,  with  vessels 
of  new  formation  visible  over  them.  The  con- 
dition is  probably  always  due  to  the  organisation 
of  previous  large  retinal  hfemorrhages. 

Retinitis  pigmentosa  designates  a  disease  in 
which  a  certain  group  of  symptoms  and  a 
definite  course  are  usually  found  in  association 
with  pigmentary  changes  in  the  retina.  The 
term  has  long  been  in  general  use,  and  has 
been  retained  here  on  that  account ;  but  it 
must  not  be  understood  that  this  afiection  is 
inflammatory,  and  we  will  find  that  it  may  occur 
without  the  usual  pigmentary  changes.  The 
change  is  properly  a  chronic  progressive  atrophy 
of  the  retina  ;  it  may  occur  either  as  a  primary 
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disease,  or  secondary  to  choroidal  inflammation, 
and  is  generally,  but  not  always,  associated  with 
peculiar  deposits  of  pigment  in  the  atrophied 
tissue. 

The  primary  or  idiopathic  form  of  the  disease 
is  symmetrical  and  very  slowly  progressive, 
usually  beginning  in  early  life,  and  often  termi- 
nating in  blindness  about  the  age  of  fifty. 
Night-blindness  is  the  earliest  and  most  charac- 
teristic symptom.  There  is  next  loss  of  visual 
field,  generally  first  in  the  form  of  an  annular 
scotoma,  which  broadens  both  outwards  and 
inwards  until  a  small  central  field  alone  remains. 
Central  vision  may  remain  good  for  a  long 
time,  but  gradually  deteriorates,  and  opacities 
forming  at  the  posterior  pole  of  the  lens  still 
further  reduce  the  sight.  The  affection  is  often 
found  in  several  members  of  the  same  family, 
and  sometimes  in  successive  generations.  Con- 
sanguinity of  parents  is  occasionally  found,  bixt 
it  is  doubtful  if  this  is  the  direct  cause  even 
in  these  cases ;  this  relationship  may  simply 
intensify  an  already  existing  predisposition. 
The  true  etiology  is  quite  obscure. 

Ophthalmoscopic  examination  shows,  nearly 
always,  much  pigment  in  the  retina,  largely  in 
its  inner  layers ;  here  black  masses,  shaped 
somewhat  like  bone  corpuscles,  lie  superficially 
to  the  level  of  the  retinal  blood-vessels.  This 
pigmentary  deposit  is  found  chiefly  in  a  belt 
midway  between  the  centre  and  periphery  of 
the  fundus,  and  there  is  also  thinning  of  the 
pigment  layer,  with  probably  atropliy  of  the 
chorio-capillaris,  so  that  the  deep  choroidal 
vessels  become  clearly  visible.  No  constant 
relation  exists  between  the  amount  of  pigment 
and  the  loss  of  sight ;  indeed,  as  has  been 
already  mentioned,  we  may  have  the  usual 
symptoms  and  course  of  the  disease  without  the 
presence  of  any  abnormal  pigment  in  the  retina. 
What  is  visually  of  more  importance  is  the 
extent  in  which  the  circulation  of  the  retina 
suffers,  and  this  varies  considerably.  In  the 
worst  cases  there  is  marked  diminution  in  the 
size  of  the  retinal  vessels,  especially  the  arteries, 
which  may  be  reduced  to  mere  fine  threads ; 
and  the  disc  shows  an  opaque,  yellowish  red, 
waxy  atrophy. 

Similar  changes  in  the  retina  and  optic  nerves 
are  found,  not  infrequently,  secondary  to  chor- 
oidal inflammation  ;  in  such  cases,  of  course,  we 
have  the  atrophic  changes  in  the  choroid  in 
addition,  and  usually  of  the  disseminated  type. 
When  the  retinal  changes  occur,  primarily  or 
secondarily,  the  clinical  symptoms  are  the  same. 

Pathological  examination  of  the  retina  shows 
an  increase  of  the  connective  tissue  framework, 
atrophy  of  the  nervous  elements,  and  thickening 
of  the  walls  of  the  arteries.  There  is  atrophy 
and  disintegration  of  the  pigment  epithelium, 
and  the  retina  proper  is  infilti-ated  with  aggre- 
gations of  pigment  granules,  thence  derived. 
These  travel  forwards  in  the  lymph  channels  of 
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the  retina,  particularly  those  surrounding  the 
retinal  vessels,  and  collect  in  large  conspicuous 
masses  at  the  vascular  branchings. 

In  a  variety  of  the  affection  known  as  retinitis 
punctata  albescens  there  is  not  only  absence  of 
the  usual  pigmentation,  but  there  are  numerous 
small  white  spots  which  are  distributed  fairly 
uniformly  over  the  fundus,  rather  in  excess  at 
the  periphery. 

Treatment. — Galvanism  is,  we  believe,  the 
only  form  of  treatment  of  any  avail  in  retinitis 
pigmentosa.  It  sometimes  causes  a  marked 
temporary  improvement  both  in  field  and  in 
central  acuity.  If  it  prove  serviceable  in  any 
case  it  should  be  persevered  with  for  some 
considerable  time,  and  resorted  to  again  when 
there  is  a  renewed  visual  failure. 

Embolism  and  thrombosis  of  the  central 
ARTERY  may  be  considered  together,  as  they 
cause  similar  effects  on  vision,  and  are  accom- 
panied by  identical  retinal  changes.  The  arteria 
centralis  itself  may  be  implicated,  or  one  of  its 
branches,  and  the  obstruction  may  be  complete 
or  partial. 

Embolism  is  the  probable  cause  when  there  is 
cardiac  disease,  especially  mitral,  or  atheroma 
of  the  aorta.  It  is  more  common  in  the  left 
eye  than  in  the  right.  When  Bright's  disease 
is  present,  and  particularly  when  the  retinal 
arteries  show  hyaline  degeneration,  thrombosis 
is  to  be  suspected  ;  not  infrequently  temporary 
attacks  of  loss  of  vision  precede  the  permanent 
one.  In  complete  obstruction  of  the  artery, 
from  either  cause,  the  leading  symptom  is 
sudden  blindness  of  the  affected  eye.  There  is 
sometimes  a  temporary  improvement  a  few 
hours  later,  from  the  establishment  of  an 
imperfect  collateral  circulation  at  the  disc,  but 
the  usual  final  result  is  absolute  blindness.  In 
obstruction  of  a  branch  the  visual  defect  is 
generally  partial  from  the  first,  the  final  result 
likewise  being  loss  of  vision  corresponding  to 
the  distribution  of  the  affected  branch. 

Ophthalmoscopic  Appearances. — Within  a  few 
hours  of  the  occurrence  of  obstruction  the 
retina  shows  a  diffuse  milky  opacity  from 
oedema,  best  marked  in  the  macula  and  the 
neighbourhood  of  the  disc.  In  the  centre  of 
the  opaque  macula  a  bright  red  spot  indicates 
the  position  of  the  fovea  centralis,  where  the 
normal  chorio-capillaris  red  reflex  shines  through 
the  thin  retinal  epithelial  layers,  and  appears 
exceptionally  red  by  contrast  with  the  surround- 
ing cloudiness.  The  disc  is  pale,  with  soft, 
blurred  edges.  The  arteries  are  much  narrowed, 
and  no  pulsation  can  be  evoked  by  pressure  on 
the  globe. 

After  a  day  or  two  the  retinal  arteries 
become  broader  again  from  partial  refilling, 
and  the  blood  in  some  cases  is  seen,  both  in 
the  arteries  and  veins,  in  the  form  of  short, 
detached  columns  separated  by  clear  intervals ; 
these  columns  move  in  a  jerky  fashion,  with 
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or  against  the  normal  direction  of  blood-flow. 
This  visible  circulation  seldom  lasts  more  than 
a  day  or  so.  Small  hsemorrhages  often  occur 
near  the  disc. 

Some  days  later  the  normal  arterial  pulsation 
on  finger  pressure  may  return  in  the  larger 
branches,  and  the  retinal  oedema  slowly  dis- 
appears, but  the  nutritive  supply  of  the  retina 
has  been  too  long  interrupted  for  any  restora- 
tion of  function  to  take  place,  and  the  disc 
gradually  becomes  secondarily  atrophic. 

Where  a  branch  only  is  affected,  changes 
similar  to  the  above  are  found  confined  to  the 
area  of  its  distribution. 

Treatment  is  seldom  of  any  avail  in  embolism, 
and  then  only  within  the  first  few  hours.  Our 
endeavours  must  be  to  break  up  and  displace 
the  arterial  plug ;  and  massage  of  the  globe 
has  in  a  few  instances  proved  successful  in 
effecting  this.  It  is  probably  best  performed 
by  alternate,  prolonged,  moderately  firm 
pressure  on  the  globe  and  sudden  removal  of 
this  pressure. 

Thrombosis  of  the  central  vein  has  been 
already  discussed  when  speaking  of  haemorrhagic 
retinitis. 

Detachment  of  the  Retina. — In  this  con- 
dition the  retina  proper  is  separated  from  the 
pigment  epithelium,  and  the  interval  is  usually 
occupied  by  a  serous  fluid.  The  retina  is 
normally  very  loosely  attached,  except  at  the 
margin  of  the  disc,  and  at  the  ora  serrata. 
Fluid  once  pi'esent  here  readily  gravitates  to 
the  lower  part  of  the  fundus,  where  detachments 
of  old  standing  are  most  commonly  found. 
Occasionally,  instead  of  serous  fluid,  the  dis- 
placing agent  is  an  extravasation  of  blood,  or 
a  plastic  exudation  from  choroiditis,  or  a  solid 
choroidal  tumour  pushing  the  retina  forward, 
or  a  subretinal  cysticercus.  The  last  mentioned 
is  very  rare  in  this  country.  Subretinal  fluid 
may  be  eff'used,  x>rimarily,  as  a  haemorrhage,  or 
as  a  serous  exudation  in  connection  with  inflam- 
mation, renal  disease,  or  tumour  of  the  choroid. 
The  common  reason  of  detachment,  however, 
is  some  alteration  in  the  vitreous — either  a 
mere  diminution  of  its  support  to  the  retina, 
or  contraction  of  connective-tissue  formations 
within  it,  forcibly  dragging  and  sometimes 
tearing  the  retina  away  from  its  normal 
position.  In  such  cases  the  subretinal  effusion 
of  fluid  is  secondary,  and  either  derived  by 
transudation  through  the  choroidal  capillaries, 
or  by  direct  passage  through  the  retinal  rent 
of  fluid  from  the  vitreous  cavity. 

Alterations  in  the  vitreous  provocative  of 
detachment  are  well  known  to  be  often  associ- 
ated with  myopia ;  they  also  occur  from 
inflammation  of  the  ciliary  body  and  choroid. 
Perforating  wounds  of  the  sclei'otic  may  lead 
to  detachment,  either  immediately,  from  a  loss 
of  vitreous,  or  subsequently,  from  contraction 
of  cicatricial  tissue  at  the  point  of  puncture. 


In  many  cases  of  detached  retina  no  cause  can 
be  discovered. 

Anatomically,  the  detached  retina  undergoes 
a  gradual  degeneration,  the  nervous  elements 
being  destroyed  and  its  connective  tissue 
hypertrophied. 

Diagnosis. — The  general  appearance  of  the 
eye  is  usually  normal.  In  cases  of  very  ex- 
tensive detachment  the  pupil  acts  imperfectly 
to  light :  the  anterior  chamber  is  deep,  par- 
ticularly at  the  base  of  the  iris.  The  tension 
of  the  globe  is  usually  decidedly  dioiinished, 
but  may  be  normal  or  even  increased ;  the 
latter  is  suspicious  of  the  presence  of  a  choroidal 
new  growth. 

Central  vision  may  or  may  not  be  much 
aff'ected,  according  to  the  condition  of  the 
media  and  to  how  far  the  macula  is  implicated. 
The  visual  field  will  show  a  contraction  cor- 
responding to  the  extent  of  the  detachment. 
But  the  accurate  diagnosis  of  the  disease 
depends  upon  the  ophthalmoscopic  examination. 
When  we  illuminate  the  patient's  eye  with  the 
ophthalmoscopic  mirror,  held  at  about  the 
distance  of  a  foot,  we  have  a  want  of  the 
normal  uniformity  of  reflex,  part  of  the  fundus 
corresponding  to  the  detachment  appearing 
bluish  or  light  grey,  in  contrast  to  the  normal 
red  seen  elsewhere.  This  discoloured,  detached 
portion  is  often  folded  and  more  or  less 
tremulous,  and  the  vessels  are  usually  visible, 
even  by  this  method  of  examination,  appearing 
as  dark,  stiff-looking,  tortuous  lines.  In  the 
case  of  a  recent  shallow  detachment  the  differ- 
ence in  reflex  may  not  be  easily  noticeable, 
but  the  vessels  have  the  characteristics  just 
mentioned,  though  they  are  not  so  conspicuous, 
owing  to  the  absence  of  the  strong  contrast 
furnished  by  the  light-coloured  surface.  By 
the  direct  ophthalmoscopic  method  we  now 
carefully  measure  the  refraction  of  the  vessels 
on  the  aff'ected  and  unaffected  parts  of  the 
retina,  so  as  to,  in  difficult  cases,  finally 
determine  whether  a  displacement  of  retina 
i-eally  exists.  The  vessels  show  no  central 
light-streak.  If  detachment  is  present,  estimate 
the  difference  of  level  between  it  and  the  normal 
fundus  in  its  neighbourhood.  Having  thus 
satisfied  ourselves  of  the  detachment  and 
measured  the  displacement,  we  next  note  its 
extent,  the  character  of  the  boundaries,  its 
mobility  on  movements  of  the  eye,  its  colour, 
its  variation  in  height,  and  the  degree  of  folding. 
We  are  thus  enabled  to  form  an  opinion  as  to 
the  probable  nature  of  the  displacing  agent — 
whether  a  rounded,  solid  growth  ;  a  low,  flat, 
firm  exudation  ;  or  a  thin  fluid.  Occasionally, 
however,  the  presence  of  opacities  in  the  media 
or  iritic  adhesions  interfere  with  such  an  ex- 
amination ;  under  such  conditions  the  indirect 
method  of  ophthalmoscopic  observation  is 
particularly  valuable. 

The  discoloration  of  a  detachment  is  due  to 
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opacity  of  the  retina,  produced  largely  by 
oedema ;  the  darkness  of  the  blood-vessels  is 
accounted  for  partly  by  absence  of  the  central 
light-streak,  partly  by  contrast,  but  mainly  by 
their  being  seen  by  transmitted  light. 

Symptoms  and  Cause.  —  There  is  often  a 
history  of  a  comparatively  rapid  impairment 
of  vision ;  objects  sometimes  appearing  distorted 
or  as  covered  by  a  thick  black  veil.  Sometimes 
we  have  complaints  of  quick  flashes  of  light. 
As  already  mentioned,  central  vision  may  remain 
good  for  some  time,  but  in  a  large  number  of 
cases  the  detachment  gradually  extends,  and  the 
sight  becomes  progressively  worse,  until  ulti- 
mately there  is  complete  blindness  or  only  the 
barest  perception  of  light.  The  lens  often  be- 
comes opaque  in  the  case  of  large  detachments 
that  have  lasted  for  some  time. 

Treatment. — In  recent  cases  of  serous  de- 
tachment we  can  often  get  satisfactory  im- 
provement of  vision,  for  a  time  at  least.  But 
the  necessary  remedial  measures  are  decidedly 
irksome,  and  even  trying  to  the  general  health, 
if  all  the  indications  are  strictly  followed  out. 
What  we  desire  is  absorption  of  the  subretinal 
effusion.  Rest,  lying  on  the  back,  in  a  dimly 
lighted  room  is  particularly  to  be  insisted  on 
for  several  weeks,  and  the  eye  should  be  kept 
covered  with  a  moderately  firm  pressure  bandage. 
All  exertion  or  sudden  effort  must  be  avoided, 
and  the  bowels  carefully  regulated.  Diaphor- 
etics are  recommended,  and  even  purgatives, 
but  such  a  course  is  necessarily  very  lowering, 
and  the  patient's  general  condition  must  not  be 
forgotten  in  our  desire  to  get  a  good  local  result. 

In  the  case  of  detachment  occurring  in  an 
only  remaining  eye,  the  importance  of  regaining 
vision  is  sufficiently  great  to  warrant  the  above 
indicated  line  of  treatment,  and  there  is  seldom 
any  difficulty  in  persuading  the  patient  to 
submit  to  it.  When  the  detachment  is  large 
and  evidently  much  distended  by  the  subjacent 
fluid,  puncture  of  the  sclerotic  at  the  site  of  the 
greatest  displacement  may  be  resorted  to  as  a 
preliminary  to  other  treatment. 

When  there  is  reason  to  believe  that  the 
detachment  is  due  to  a  choroidal  tumour,  ex- 
cision of  the  globe  without  delay  is  the  proper 
course. 

Injuries  of  the  Retina. — Blows  on  the  eye 
may  cause  haemorrhage  in  the  retina,  or  detach- 
ment. Occasionally,  when  the  eyeball  receives 
a  direct  blow  about  the  middle  of  the  cornea, 
the  macular  region  is  injured,  and  becomes 
oedematous  or  slightly  detached,  with  local 
choroido-retinal  changes.  It  is  not  uncommon 
for  the  eye  after  a  contusion  to  be  almost  blind 
for  a  short  time,  the  sight  then  returning  to 
normal  without  any  ophthalmoscopic  change 
being  visible  (retinal  concussion).  In  rare 
instances  of  this  kind  we  find  a  localised  milky- 
white  cloudiness  of  the  retina  corresponding  to 
l!     the  part  at  which  the  force  of  the  blow  was  felt. 
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This  lasts  for  about  three  days  and  then  dis- 
appears, and  soon  afterwards  the  vision  usually 
is  restored  to  normal  {see  also  "  Eyeball,  In- 
juries OF,"  vol.  iii.  p.  207). 

Glioma  of  the  retina  is  essentially  a  disease 
of  early  childhood,  and  is  usually  met  with  at 
some  time  between  infancy  and  the  age  of  three 
years.  It  commences  insidiously  without  pain 
or  inflammation,  and  grows  rapidly. 

By  its  growth /brirarJs  it  soon  fills  the  eye- 
ball, and  then  perforating  the  outer  coats 
involves  the  other  orbital  tissues ;  finally,  there  is 
a  very  large,  fleshy,  readily  bleeding  protrusion 
from  between  the  lids  without  any  manifest  trace 
of  the  globe.  Backwards  it  extends  along  the 
optic  nerve,  and  ultimately  invades  the  brain. 
It  not  infrequently  causes  secondary  deposits 
in  the  scalp,  the  neighbouring  lymphatic  glands, 
and  sometimes  in  the  liver  and  other  distant 
parts.  Death  takes  place  from  exhaustion  or 
from  implication  of  vital  organs. 

Occasionally  it  attacks  both  eyes  independ- 
ently. It  sometimes  occurs  in  several  members 
of  the  same  family. 

Diagnosis. — Sometimes  the  child  is  brought 
at  an  early  stage,  because  the  attention  of  the 
mother  or  nurse  has  been  aroused  by  seeing  a 
whitish  appearance  from  behind  the  pupil.  At 
this  time  the  eye  is  still  quiet,  looks  natural, 
except  for  its  white  reflex,  and  has  normal 
tension.  In  many  cases  the  child  is  not  brought 
until  a  later  period,  when  redness  and  pain  in 
the  eye  are  observed  ;  we  now  usually  find  the 
symptoms  of  secondary  glaucoma — dilatation  of 
the  pupil,  slight  steaminess  of  cornea,  engorged 
scleral  veins,  tenderness  on  light  pressure,  and 
increase  of  tension.  By  focal  illumination  we 
see  a  yellowish  white,  rounded,  or  lobulated 
solid-looking  mass  projecting  into  the  vitreous, 
with  blood-vessels  visible  on  its  surface,  and 
occasionally  small,  white,  chalky-looking  bodies 
in  the  vitreous  over  it. 

In  some  cases,  especially  in  an  early  stage,  it 
is  simulated  by  inflammatory  deposits  occurring 
in  the  vitreous,  due  to  suppurative  choroiditis 
(pseudo-glioma).  The  tension  of  the  eyeball  in 
this  affection,  however,  is  never  raised,  and  is 
usually  found  diminished.  As  all  vision  is  lost, 
it  is  our  duty,  in  every  doubtful  case,  to  deal 
with  the  eye  as  if  it  were  a  glioma. 

Pathology. — The  naked  eye  appearance  is 
that  of  a  soft,  marrow-like  growth  of  a  whitish 
or  reddish  white  colour,  sometimes  studded  with 
small  calcareous  bodies ;  it  is  never  pigmented. 
The  tumour  is  composed  of  small  cells,  and  the 
growth  generally  originates  in  the  granular 
layers  of  the  retina. 

The  treatment  consists  in  early  removal  of  the 
affected  eyeball,  dividing  the  optic  nerve  as  far 
back  as  possible.  If  extra-ocular  structures  are 
already  to  some  extent  affected,  it  is  advisable 
to  thoroughly  eviscerate  the  orbit,  and  apply 
chloride  of  zinc  paste  to  the  surface  so  left.  If 
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the  tumour  is  very  large  its  removal  cannot  be 
expected  to  save  or  even  prolong  life,  and  it  is 
advisable  to  leave  it  alone.  In  such  a  case 
palliative  medical  treatment  is  all  that  can  be 
done. 

Congenital  Abnormalities. — The  absence  of 
pigment  in  albinos  has  already  been  mentioned. 
For  the  appearance  of  the  retina  met  with  in 
coloboma  of  the  choroid,  we  must  refer  to  the 
account  given  of  this  latter  condition  (see  art. 
"Choroid,"  vol.  ii.  p.  139). 

Not  infrequently  we  find  small,  round,  black 
spots  on  the  fundus,  usually  few  in  number,  and 
not  interfering  with  normal  vision.  They  have 
an  appearance  such  as  would  be  presented  by 
tiny  drops  of  black  pigment  flicked  over  the  red 
fundus  from  a  brush,  and  are  due  to  localised 
aggregations  of  retinal  epithelial  pigment.  In 
some  cases,  again,  we  may  observe  very  small 
bright  dots  in  the  retina,  chiefly  in  the  neighbour- 
hood of  the  optic  disc.  They  can  only  be  seen  by 
the  direct  method,  and  are  generally  found  near 
the  large  vessels  in  the  optic  disc  neighbour- 
hood, flashing  into  view  and  disappearing  on 
small  movements  of  the  mirror,  but  always  re- 
appearing in  the  same  position,  and  best  seen 
near  the  edge  of  the  image  of  the  flame.  Their 
pi-esence  is  often  accompanied  by  symptoms  of 
asthenopia. 

OpaqtLe  nerve  fibres  usually  occur  in  the  form 
of  a  wedge,  having  its  blunt  apex  at  the  edge  of 
the  disc,  and  its  base  directed  towards  the 
equator  of  the  eye.  The  affected  area  is 
brilliantly  white,  often  rather  fluffy  in  appear- 
ance, and  the  large  retinal  vessels  are  here 
almost,  if  not  quite,  concealed  from  view.  It 
seldom  reaches  far  peripherally,  and  generally 
ends  in  an  irregular  teased-out-looking  border. 
It  is  commonly  situated  above  or  below  the 
disc,  but  may  completely  surround  it.  Excep- 
tionally, the  patch  of  opaque  nerve  fibres  is 
situated  at  some  distance  from  the  disc,  and 
separated  from  the  latter  by  normal  red  fundus  ; 
it  is  then  more  brush-like  in  form,  the  inner 
end  presenting  an  abrupt  edge,  while  its 
equatorial  end  is  here  again  broader  and  teased- 
out-looking.  The  whiteness  and  opacity  in  all 
cases  of  this  nature  are  due  to  the  presence  of  a 
medullary  sheath  round  the  axis  cylinders  of 
the  retinal  nerve  fibre  layer.  Normally,  all 
these  fibres  gain  this  covering  at  the  sclei'al 
opening,  but  exceptionally  it  is  assumed  earlier 
— in  some  few  cases,  as  we  have  seen,  to  be  lost 
again  temporarily.  Occasionally  this  retinal 
condition  is  confused  with  inflammatory  eff'usion 
or  choroidal  atrophy ;  attention  to  the  state  of 
the  fundus  elsewhere,  and  to  the  pigmentary 
and  vascular  appearances,  should  leave  no  doubt 
as  to  the  true  nature  of  each  of  these  several 
ophthalmoscopic  changes. 

Congenital  irregularities  in  the  blood-vessels  of 
the  retina  are  not  infrequent.  It  is  by  no 
means  uncommon  to  have  the  retina  supplied 


in  part  by  a  branch  from  one  of  the  posterior 

ciliary  arteries,  a  so-called  cilio-retinal  artery. 
It  generally  pierces  the  disc  near  its  edge,  and 
then  curves  backwards  to  ramify  over  the 
adjacent  retina,  taking  the  place  of  a  branch  of 
the  arteria  centralis.  In  cases  of  embolism  of 
the  latter,  the  presence  of  a  cilio-retinal  vessel 
becomes  important,  as  the  portion  of  retina 
corresponding  to  this  blood-supply  retains  its 
visual  function. 

.  Occasionally  we  find  the  retinal  vessels  very 
tortuous,  simply  as  a  congenital  peculiarity. 
Very  rarely  a  direct  communication  between  a 
retinal  artery  and  vein  has  been  observed,  and 
sometimes  between  a  retinal  and  choroidal 
vessel. 

Retinitis.  See  Ketina  and  Optic  Nerve 
{^Inflammation  of  Retina). 

Retino-Choroiditis.    See  Choroid, 

Diseases  of  (Retino-Ghoroiditis). 

RetinOSCO  py. — Synonyms. — Shadow 
Test,  Skiascopy,  Keratoscopy,  Pupiloscopy. 

Retinoscopy  is  the  most  accurate  and  the 
most  generally  useful  of  the  objective  methods 
of  estimating  the  refraction  of  the  eye.  By  it 
can  be  determined  the  amount  of  hyperme- 
tropia,  myopia,  or  astigmatism — both  corneal 
and  lenticular — that  may  be  present,  and  while 
practising  it,  valuable  information  as  to  the 
condition  of  the  media  is  obtained. 

Of  the  two  other  objective  methods,  direct 
estimation  by  means  of  the  refraction  ophthal- 
moscope is  one  which  should  be  practised  when- 
ever possible.  By  this  method  alone  can 
diff"erences  in  level  in  the  fundus  be  accurately 
determined,  while  at  the  same  time  a  detailed 
view  of  the  fundus  is  obtained ;  but  when 
measuring  the  refraction,  even  for  the  most 
expert,  it  is  very  difficult  to  get  such  an 
accurate  result — especially  in  low  degrees  of 
astigmatism  ai:id  the  determination  of  the  axes — 
as  that  obtained  by  retinoscopy. 

The  various  ophthalmometers  measure  only  the 
corneal  astigmatism,  and  do  not  deal  with  either 
lenticular  astigmatism  or  any  spherical  error  of 
refraction  (hypermetropia  or  myopia).  Both 
these  methods  are  valuable  for  estimating  the 
refraction  in  certain  cases. 

The  practice  of  retinoscopy  is  carried  out  as 
follows  :  The  observer  sits  one  metre  in  front 
of  the  patient  in  the  dark  room.  The  lamp 
is  placed  above  and  slightly  behind  the  patient's 
head,  so  that  its  light  falls  directly  on  the 
observer  and  not  on  the  patient's  face.  It  is 
well  that  the  room  be  as  dark  as  possible,  so 
that  there  may  be  no  unnecessary  reflections 
from  the  patient's  cornea,  and  that  the  redo- 
reflex  may  be  of  maximum  brightness. 

By  means  of  a  perforated  mirror  held  up  to 
his  eye,  the  observer  reflects  the  light  into  the 
patient's  eye,  looking  meanwhile  through  the 
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central  aperture,  when  he  sees  at  once  the  red 
reflex.  The  light  from  the  mirror  passes 
through  the  patient's  pupil,  and  falling  on 
the  retina,  illuminates  a  certain  area.  The 
light  reflected  from  this  area  passes  out  from 
his  eye  to  the  eye  of  the  observer,  and  the 
latter  sees  the  patient's  pupil  brightly  illumin- 
ated. By  rotating  the  mirror  on  its  axis  the 
position  of  the  light  area  is  of  course  changed. 
If  now  the  observer  rotates  the  mirror,  he  will 
see  a  dark  shadow — with  a  nearly  straight  edge 
at  right  angles  to  the  direction  of  the  movement 
of  the  mirror — pass  across  the  patient's  pupil ; 
either  in  the  same  direction  as — that  is  with — 
the  mirror,  or  in  the  opposite  direction  to — that 
is  against — the  mirror.  The  edge  of  the  shadow 
is  the  edge  of  the  illuminated  area,  and  the 
appearance  of  the  shadow  is  due  to  the  observer 
looking  at  an  unilluminated  portion  of  the 
retina. 

It  is  upon  the  apparent  movement  of  this 
light  area  with  its  attendant  shadow  in  relation 


concave  mirror  has  a  focal  length  of  22  cm. 
Both  the  plane  and  concave  mirrors  have 
their  special  advantages,  but  perhaps  the  plane 
mirror  is  more  generally  useful. 

To  vmderstand  the  relative  movements  of  the 
shadow  and  mirror,  we  must  trace  the  course 
which  the  rays  of  light  take  and  find  out. 

I.  How  the  movements  of  the  mirror  cause 
the  light  area  to  move  07i  the  patient's  retina, 

(a)  When  a  plane  mirror  is  used. 

(b)  When  a  concave  mirror  is  used. 

II.  How  this  light  area  on  the  patient's 
retina  appears  to  the  observer  to  move — in  (a) 
emmetropia  ;  (6)  hypermetropia  ;  (c)  myopia. 

1.  (a)  Plane  mirror. 

In  Fig.  1,  AA  is  a  plane  mirror,  L  the  source 
of  light.  Rays  of  light  reflected  from  the 
mirror  AA  will  appear  to  come  from  a  point  I, 
which  may  be  called  the  immediate  source  of 
light,  situated  on  the  line  drawn  perpendicular 
to  the  mirror's  surface,  and  the  same  distance 
behind  the  mirror  that  L  is  in  front.    The  rays 


to  the  movement  of  the  mirror  that  the  method 
of  retinoscopy  depends. 

The  relative  agreement  or  disagreement  of 
the  movement  of  the  shadow  and  the  mirror 
depends  upon  (a)  the  mirror  that  is  used — 
plane  or  concave  ;  (/?)  the  refraction  of  the  eye, 
and,  in  certain  cases  to  be  explained  below,  (y) 
upon  the  distance  of  the  observer  from  the 
patient. 

Thus,  the  observer  sitting  at  one  metre  from 
the  patient  with  the  plane  mirror — 

The  shadow  moves  with  the  mirror  in 
hypermetropia,  emmetropia,  myopia  of  less 
than  ID. 

The  shadow  moves  against  the  mirror  in 
myopia  of  more  than  ID. 

With  the  concave  mirror — 

The  shadow  moves  against  the  mirror  in 
hypermetropia,  emmetropia,  myopia  of  less 
than  ID. 

The  shadow  moves  ivith  the  mirror  in  myopia 
of  more  than  ID. 

The  mirrors  commonly  employed  are  about 
4  cm.  in  diameter.  They  should  not  have  the 
glass  perforated  in  the  centre,  since  the  edge 
of  the  perforation  is  apt  to  give  a  troublesome 
reflection,  but  merely  an  opening  in  the  silvering 
about  3  or  4  mm.  in  diameter.    The  usual 


LI,  L2,  L3,  being  reflected  into  the  eye  MEH, 
will  appear  to  start  from  I,  and  will  be  brought 
to  a  focus  about  the  line  ^20,  drawn  from  the 
immediate  source  of  light  through  o,  the  optical 
centre  of  the  eye,  and  strike  the  retina  at  a. 

If  now  the  mirror  be  rotated  about  its  axis 
to  the  position  BB,  the  immediate  source  of 
light  will  then  be  at  I'.  The  rays  L4,  L5,  L6, 
which  enter  the  eye,  will  be  brought  to  a  focus 
about  the  line  ^50,  and  will  strike  the  retina 
at  b. 

Hence  it  is  clear  that  as  the  mirror  is  rotated 
upwao-ds,  though  the  immediate  source  of  light 
moves  downwards,  the  light  on  the  patient's  retina 
moves  upwards ;  also  it  will  be  seen  that  this 
will  be  the  case  whatever  may  be  the  refraction 
of  the  eye. 

Thus  the  light  on  the  patient's  retina  always 
moves  with  the  plane  mirror  in  E,  M,  and  H. 
{b)  Concave  mirror. 

In  Fig.  2,  L  is  the  source  of  light.  AA  is  a 
concave  mirror  which  brings  the  rays  from  L 
to  a  focus  in  front  of  the  observed  eye  MEH. 
The  rays  LI,  L2,  L3,  which  are  reflected  into 
the  eye,  are  made  to  converge,  after  reflection 
at  the  points  1,  2,  and  3,  to  a  focus  at  I.  From 
I  they  will  again  diverge  and  pass  into  the  eye. 
The  focus  I,  then,  is  the  immediate  source  of 
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light,  and  the  rays  will  be  brought  to  a  focus 
about  the  line  lo — the  line  joining  the  immediate 
source  of  light  and  the  optical  centre  of  the 
eye — and  strike  the  retina  at  a. 

If  the  mirror  be  rotated  upwards  to  the 
position  BB,  the  focus  of  the  mirror  must  also 
move  upwards,  and  thus  the  immediate  source 

Fig 


rays  entering  an  eye  are  brought  to  a  focus  on 
the  retina,  therefore  rays  starting  from  the 
retina  will  emerge  parallel. 

In  Fig.  3,  E  is  an  emmetropic  eye — rays 
starting  from  an  illuminated  point  a  will  emerge 
from  the  eye  parallel  to  the  line  aoc ;  similarly, 
rays  starting  from  b  will  emerge  parallel  to  bod. 


of  light  travels  from  I  to  V.  The  rays  L4,  L5, 
L6,  reflected  from  the  mirror  BB,  will  be 
brought  to  a  focus  at  I',  and  passing  into  the 
eye,  will  be  focussed  about  the  line  I'o  and 
strike  the  retina  at  b. 

Thus,  while  the  mirror  is  rotated  upwards, 
the  immediate  source  of  light  moves  upwards. 


r.s.3. 


but  the  light  on  the  retina  moves  downwards — 
that  is,  against  the  mirror,  and  this  irrespective 
of  the  refraction. 

The  light  on  the  retina,  then,  always  moves 
against  the  mirror  in  E,  H,  and  M. 

If  by  holding  the  mirror  very  close  to  the 
patient's  eye,  or  by  using  a  mirror  of  long  focal 
length,  the  rays  of  light  do  not 
cross  in  front  of  the  patient's 
eye,  then  the  light  on  his  retina 
will  move  with  the  mirror,  as  if 

a  plane  mirror  had  been  used.    

The  writer   constantly  uses  a  v.7 
concave  mirror  of  1-5  m.  focal     ,  ^--r.--'- 
length,  and  sits  1  m.  from  the 
patient.    The  mirror  then  gives 
the  same  appearances  as  a  plane 
mirror,  with  the  double  advantage  that,  the 
rays  being    made    to    converge,  the  light  is 
brighter,  and  the  troublesome  shadow  caused 
by  the  central  aperture  in  the  mirror  is  almost 
completely  abolished. 

II.  We  have  now  to  consider  how  the  light 
on  the  patient's  retina  appears  to  the  observer 
to  move. 

(a)   Emmetropia.  —  In   emmetropia  parallel 


The  rays  parallel  to  aoc  which  pass  into  the 
observer's  eye  will  appear  to  him  to  come  from 
a  distant  point,  a,  behind  the  eye  on  the  line 
a! aoc ;  similarly,  rays  parallel  to  bod  will  appear 
to  come  from  a  distant  point,  b',  on  the  line 
b'bod.  As  the  light  on  the  retina  travels  up- 
wards from  a  to  6  the  observer  will  see  the  light 
also  move  upwards  from  a  to  b'. 
But  we  have  seen  that  the  light 
on  the  retina  moves  with  the 
plane  mirror  and  against  the  con- 
cave mirror.  Hence  in  E  the 
observer  sees  the  light  move  with 
the  plane  and  against  the  concave 
mirror. 

(b)  Hypermetropia. — In  hyper- 
metropia  the  retina  lies  in  front  of  the  focus  for 
parallel  rays,  therefore  rays  starting  from  the 
retina  will  diverge  as  they  pass  from  the  eye. 

In  Fig.  4  the  rays  diverging  from  a  point  a 
on  the  retina  of  a  hypermetropic  eye,  H,  will 
appear  to  the  observer  to  come  from  a  point  a 
behind  the  eye  on  the  line  a'aoc.    If  the  ilium- 

Fig.4- 


inated  area  travel  from  a  to  b,  then  again  rays 
starting  from  b  will  appear  to  come  from  a  point 
b'  behind  the  eye  on  the  line  b'bod.  Thus,  as 
the  light  travels  upwards  the  observer  will  see 
the  light  travel  also  upwards.  Therefore  in  H, 
as  in  E,  the  observer  sees  the  light  move 
ivith  the  2^l(^ne  mirror  and  against  the  concave 
mirror. 

(c)  Myopia. — To  understand  how  the  observer 
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sees  the  light  move  in  a  myopic  eye  we  must 
take — 

(i.)  A  myopic  eye  with  more  than  \D  of 
myopia — in  which  the  far  point  ^  lies  between 
the  patient's  eye  and  the  observer — who  we 
suppose  is  sitting  one  metre  off. 

(ii.)  A  myopic  eye  with  less  than  ID  of 
myopia,  in  which  the  far  point  lies  behind  the 
observer. 

(i.)  Myopia  of  more  than  ID. 

Rays  starting  from  the  illuminated  point  a, 
on  the  patient's  retina,  are  rendered  convergent 
on  leaving  the  eye,  and  meet  at  the 
far  point  a.  From  a  they  again 
diverge,  and  entering  the  observer's 
eye,  will  appear  to  him  to  come  from 
this  point.  Similarly,  rays  starting  -p 
from  h  will  come  to  a  focus  at  b', 
from  which  they  will  appear  to  the 
observer  to  come.  As  the  illumin- 
ated area  on  the  retina  moves  from 
a  to  h,  the  source  from  which  the  observer  sees 
the  light  come  moves  in  the  opposite  direction, 
viz.  from  a  to  h' ;  that  is  to  say,  the  observer 
sees  the  light  move  in  the  opposite  direction  to 
which  it  is  moving  on  the  patient's  retina. 
Thus,  in  myopia  of  more  than  ID  the  observer 
sees  the  light  move  against  the  plane  mirror,  but 
tuith  the  concave  mirror.  (In  this  latter  case  it 
is  seen  that  there  is  a  double  reversal  of  move- 
ment.) 

(ii.)  Myopia  of  less  than  ID.  If  the  far  point 
be  situated  behind  the  observer's  eye  the  rays 
will  not  have  crossed  before  entering  his  eye, 


move  at  all ;  that  is  to  say,  the  pupil  appears 
either  bright  or  dark,  and  no  shadow  is  seen  to 
move  across  it.  What  is  this  position?  It  is 
when  the  far  point  is  situated  at  the  observer's 
eye,  or  more  accurately,  when  the  rays  from 
the  illuminated  retina  are  focussed  exactly  at 
his  nodal  point.  This  is  termed  the  point  of 
reversal. 

This  may  be  simply  explained  as  follows  : — 
Let  A  be  the  observed  eye  and  B  the  observer's 
eye.  The  image  of  the  p\ipil  ab  will  be  found 
on  the  observer's  retina  at  ab'. 


and  there  will  be  no  apparent  reversal  in  the 
movement  of  the  light.  Therefore  in  this  case 
the  observer  will  see  the  light  move  in  the  same 
direction  as  it  is  moving  on  the  patient's  retina. 
Thus  in  myopia  of  less  than  ID  the  light  is  seen 
to  move  tvith  the  plane  min-or  and  against  the 
concave  mirror,  as  in  H  and  E. 

From  the  above  considerations  it  is  clear  that 
between  (i.)  and  (ii.)  there  must  be  a  position 
of  the  far  point  at  which,  though  the  mirror  is 
moved,  the  light  and  shadow  do  not  appear  to 

^  The  far  point  of  an  eye  is  the  point  for  which  the 
eye  is  focussed  when  accommodation  is  completely  at 
rest,  and  therefore,  conversely,  rays  starting  from  the 
retina  are  brought  to  a  focus  at  the  far  point. 

The  F.P.  of  an  eye  having  ID  of  myopia  lies  1  metre  off. 

2D         ,,       ,,  0-5  .,  ,, 
»       0-.OD       „       „  2     ,,  „ 

that  is  to  say,  the  distance  of  the  far  point  varies  in- 
versely with  the  degree  of  the  myopia. 


If  the  far  point  of  the  eye  A  lie  at  N,  the 
nodal  point  of  the  eye  B,  rays  from  the  very 
small  area  p  (the  size  of  which  depends  upon 
the  size  of  the  observer's  pupil)  will  cover  the 
whole  area  ab',  and  the  observer  therefore  sees 
the  whole  of  the  patient's  pupil  illuminated. 
Thus,  if  p  be  illuminated  the  whole  pupil  will 
appear  bright,  if  it  be  not  illuminated  the 
whole  pupil  will  appear  dark — hence  at  the 
point  of  reversal  the  whole  pupil  flashes  either 
bright  or  dark — a  condition  of  partial  illumina- 
tion of  the  area  a'b'  is  impossible,  and  no 
shadow  is  seen  to  move  across  the  pupil. 

If  then  the  observer's  eye  be  1  metre 
from  the  observed  eye,  and  movement  of 
the  mirror  causes  no  moving  shadow,  we 
know  that  the  eye  must  have  a  myopia 
of  ID. 

We  are  now  in  a  position  to  understand 
the  rule  for  estimating  the  refraction  of 
an  eye,  viz.  to  place  in  front  of  the  ob- 
served eye  convex  lenses  in  hypermetropia, 
and  concave  lenses  in  myopia,  of  gradually  in- 
creasing strength,  until  the  shadow  ceases  to 
move,  when  we  know  that  the  corrected  eye  has 
become  myopic  to  the  extent  of  ID.  We  must 
deduct,  therefore,  ID  from  the  lens  which 
abolishes  the  movement  of  the  shadow  to  give 
the  true  correction  of  the  error  of  refraction. 

Thus,  suppose  it  takes  sph.  +  4D  to  correct  a 
hypermetropic  shadow,  that  is  to  say,  sph.  +  4D 
gives  the  corrected  eye  ID  of  myopia,  the  re- 
fraction of  the  eye  is  +  3D  of  hypermetropia  ; 
again,  suppose  it  takes  sph.  -  5D  to  correct  a 
myopic  shadow,  that  is  to  say,  sph.  -  5D  leaves 
the  corrected  eye  with  ID  of  myopia,  the  re- 
fraction of  the  eye  is  -  6D  of  myopia. 

It  will  be  obvious  from  what  has  been  said 
that  the  position  of  the  observer  is  of  great 
importance.  We  have  seen  that  with  the 
observer  at  1  metre  (the  position  of  the  far 
point  of  an  eye  of  ID  of  myopia),  the  glass 
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which  corrects  the  shadow  leaves  a  myopia  of 
ID,  but  if  the  observer  sits  at  4  metres  (the 
position  of  the  far  point  of  an  eye  of  0-25  of 
myopia),  the  lens  which  corrects  the  shadow 
will  leave  only  0'25D  of  myopia;  similarly, 
when  the  observer  sits  at  half  a  metre,  the 
glass  which  corrects  the  shadow  will  leave  2D 
of  myopia.  The  position  of  1  metre  is  chosen 
for  convenience,  since  glasses  can  easily  be 
changed  without  the  observer  rising  from  his 
chair.  The  nearer  the  position  chosen  by  the 
observer  the  greater  is  the  error  caused  by  un- 
intentional variation  from  this  position.  Some- 
times it  is  diihcult  to  be  certain  which  lens 
absolutely  does  away  with  the  movement  of  the 
shadow  ;  this  may  be  tested  by  leaning  forward 
a  little,  when  the  shadow  should  become 
"myopic,"  and  again  by  moving  back,  when 
the  shadow  should  become  hypermetropic. 

In  order  to  appreciate  the  movement  of  the 
light  ai'ea  it  is  by  no  means  necessary  that  the 
rays  from  this  area  be  focussed  on  the  observer's 
retina  ;  indeed  there  is  a  considerable  range  in 
the  position  of  the  far  point,  both  in  front  of 
and  behind  the  observer's  nodal  point,  in  which 
it  is  quite  impossible  for  a  sharp  image  of  the 
light  area  to  be  formed  on  the  observer's  retina, 
yet  the  movement  of  the  light  is  always  easily 
seen  except  at  one  point — the  point  of  i-eversal. 

Since  the  point  of  reversal  depends  upon  the 
coincidence  of  the  far  point  of  the  observed  eye 
and  the  observer's  nodal  point,  it  is  clear  that, 
provided,  the  distance  of  his  nodal  2'>oint  remain 
constant,  the  same  glass  will  be  found  to  correct 
the  movement  of  the  light  and  shadow  whether 
the  observer  be  E,  H,  or  M,  and  if  ametropic, 
whether  he  wear  his  correction  or  not,  or  again 
whether  he  uses  or  relaxes  his  accommodation. 

The  brightness  of  the  light  area  on  the  patient's 
retina,  and  the  sharpness  of  the  shadow,  will 
depend  chiefly  upon  the  accuracy  with  which 
the  light  is  focussed  on  the  retina.  When, 
therefore,  the  immediate  source  of  light  corre- 
sponds with  the  far  point  of  the  eye,  the  light 
area  will  be  at  its  brightest,  and  the  shadow 
most  distinct. 

The  brightness  of  the  light  area  and  the  sharp- 
ness of  the  shadow,  as  it  ap2}ears  to  the  observer, 
will  depend  upon  the  actual  brightness  of  the 
light  area,  and  also  upon  the  degree  of  magnifi- 
cation. The  magnification  of  the  retina  varies 
with  the  distance  fi'om  which  it  is  viewed.  The 
farther  the  observer's  eye  from  the  point  of 
reversal,  the  less  the  magnification  ;  the  nearer 
the  point  of  reversal,  the  greater  the  magnifi- 
cation, \mtil  at  the  point  of  reversal  the  magni- 
fication is  at  the  maximum. 

This  can  easily  be  shown  by  looking  at  an 
object  through  a  convex  lens  ;  when  the  lens  is 
held  close  to  the  object  the  magnification  is 
low  ;  increase  the  distance  and  the  magnification 
is  raised,  till  at  last  one  point  only  of  the  object 
is  seen  highly  magnified.    By  removing  the 


lens  still  farther  a  magnified  reversed  image  is 
seen,  which  becomes  smaller  as  the  distance  is 
still  more  increased. 

On  the  degree  of  magnification  depends  also 
(a)  the  7-ate  of  movement  of  the  light  area  and 
shadow  (the  rate  of  movement  of  the  mirror 
remaining  constant),  and  {b)  the  shape  of  the 
shadow. 

With  low  magnification  the  shadow  appears 
to  move  sloivly,  and  a  larger  portion  of  the  edge 
of  the  light  area  being  seen,  the  shadow  appears 
curved. 

With  high  magnification  the  shadow  seems  to 
move /aster,  and  as  only  a  small  portion  of  the 
edge  of  the  light  area  is  seen,  much  increased 
in  size,  the  shadow  appears  straight. 

Hence  in  high  degrees  of  uncorrected  H  and 
M,  where  the  magnification  is  low  the  light  area 
appears  dull,  the  shadow  is  curved  and  moves 
slowly. 

As  the  point  of  reversal  is  approached  the 
magnification  increases,  and  the  light  area 
appears  brighter,  the  shadow  moves  faster  and 
has  a  straight  edge. 

Regular  Astigmatism. — In  regular  astigma- 
tism the  refractive  power  of  two  meridians  at 
right  angles  to  one  another  is  different.  There 
must  be,  therefore,  two  far  points,  one  for  each 
meridian.  In  measuring  the  astigmatism  by 
retinoscopy,  the  refraction  of  each  meridian 
must  be  estimated  separately,  and  the  difference 
between  the  two  correcting  lenses  will  be  the 
measure  of  the  astigmatism. 

Thus,  suppose  the  vertical  meridian  be  cor- 
rected by  a  lens  of  sph.  4-  4D,  and  the  horizontal 
meridian  by  a  lens  of  sph.  +  6D,  with  the 
observer  sitting  at  1  metre  from  the  patient ; 
then  sph.  4-  4D  combined  with  cyl.  +  2D  axis 
vertical  will  give  the  patient  1 D  of  myopia ; 
the  true  correction,  therefore,  of  his  refraction 
will  be  sph.  +  3D  cyl.  +  2D  axis  vertical. 

Again,  suppose  the  vertical  meridian  be  cor- 
rected by  sph.  -fl'5D,  and  the  horizontal  by 
sph.  -0-5D,  then  either  sph.  -1-0-5D  cyl.  -  2D 
axis  vertical  or  sph.  -  1  "SD  cyl.  +  2D  axis  hori- 
zontal will  give  the  true  correction.  N.B. — 
The  cylinder  must  be  placed  with  its  axis  at 
right  angles  to  the  meridian  which  it  is  to 
correct ;  it  does  not  affect  the  meridian  corre- 
sponding with  its  axis. 

When  the  point  of  reversal  for  one  of  the 
meridians  is  nearly  reached,  it  will  be  noticed 
that  the  light  area  has  a  band-like  appearance, 
and  that  the  direction  of  the  band  remains 
constant  whatever  the  movement  of  the  mirror 
may  be.  The  axis  of  the  band  indicates  the 
axis  of  that  meridian  ;  which  observation  is  of 
great  practical  use  when  ordering  glasses  for 
children,  with  whom  the  suggestive  test  is 
unreliable.  The  reason  for  this  band-like 
appearance  is  that  the  light  area  is  magnified 
to  the  maximum  by  the  meridian  at  whose  point 
of  reversal  the  observer's  eye  is,  and  therefore 
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to  a  much  greater  degree  than  by  the  opposite 
meridian.  The  hght  area  is  thus  drawn  out,  as 
it  were,  and  appears  as  a  narrow  band  of  light 
with  a  straight  shadow  on  either  side. 

Double  Shadoivs. — It  is  commonly  found  that 
a  given  lens  will  correct  the  shadow  in  the 
periphery,  while  there  still  remains  an  un- 
corrected shadow  in  the  centre  of  the  pupil,  or 
vice  versa.  That  is  to  say,  the  centre  of  the 
pupil  appears  as  it  were  more  hypermetropic  or 
more  myopic  than  the  periphery.  Of  the  two 
conditions  the  former  is  more  common,  and  is 
due  to  the  spherical  aberration  of  the  refractive 
media.  In  common  with  all  spherical  lenses, 
the  periphery  is  more  refractive  than  the 
central  part,  hence  the  centre  may  appear 
hypermetropic,  while  a  myopic  shadow  is  seen 
in  the  periphery.  In  these  cases  ahvays  correct 
for  the  movement  of  the  brightest  part  of  the 
central  light  a7-ea,^  since  it  is  through  the  centre 
of  the  pupil  that  the  patient  looks. 

In  conical  cornea,  lenticonous,  and  other 
allied  conditions,  the  central  shadow  appears 
myopic,  while  the  periphery  appears  hyper- 
metropic ;  here  again,  as  a  rule,  the  movement 
of  the  central  light  area  is  the  one  to  be 
corrected. 

In  irregular  astigmatism  a  variety  of  conflict- 
ing shadows  is  often  found ;  and  though  in 
some  cases  retinoscopy  may  lead  to  a  right 
estimation,  in  others  the  subjective  method  of 
trial  with  lenses  must  be  resorted  to. 

Mydriatics. — In  order  to  obtain  the  most 
accurate  estimation  of  the  refraction  by  retino- 
scopy, the  accommodation  of  the  patient  must 
be  completely  at  rest,  and  he  should  look  at  the 
hole  in  the  mirror  in  order  that  the  light  may 
play  over  the  macular  region.  This  is  the  part 
of  the  retina  for  which  the  correction  is  needed, 
and  the  refraction  of  the  macula  may  be 
different  from  that  at  other  parts  of  the  fundus. 
Atropia  undoubtedly  gives  the  most  complete 
relaxation  of  the  accommodation,  but  the  effects 
last  for  about  ten  days,  and  in  elderly  people 
the  danger  of  inducing  glaucoma  must  never  be 
forgotten. 

For  children  with  active  accommodation,  and 
to  whom  time  is  as  a  rule  of  no  object,  a  1  per 
cent  solution  of  atropin  may  be  used  three 
times  a  day  for  three  days  previous  to  examina- 
tion. If  atropin  be  contraindicated,  homatropin 
and  cocain  may  be  used  in — (i.)  Discs  containing 
gr.  Jg-  of  each ;  or  (ii.)  A  2  per  cent  solution  of 
each  in  castor  oil  {N.B. — One  application  only 
should  be  made,  and  only  a  very  small  quantity 

1  Throughout  this  article  the  movement  of  the  light 
area  with  its  attendant  has  been  described  for  the  sake  of 
clearness  as  the  object  for  observation.  The  writer  would 
strongly  urge  the  advisability  of  watching  the  movement 
of  the  brightest  part  of  the  illuminated  area,  seen  about 
the  centre  of  the  pupil ;  as  the  shadow  is  at  times  very 
indefinite,  while  the  movement  of  the  light  area  may  be 
quite  distinct,  and  this  is  especially  seen  in  the  above- 
mentioned  cases  with  double  shadows. 


should  be  applied,  and  this  should  be  spread 
over  the  cornea  by  means  of  the  upper  lid  ;  an 
ordinary-sized  drop  causes  a  disturbing  film  over 
the  cornea) ;  (iii.)  Many  prefer  a  2  per  cent 
watery  solution  instilled  four  times  at  intervals 
of  ten  minutes.  (Occasionally  the  cocain  causes 
a  I'oughening  of  the  corneal  epithelium.  To 
avoid  this  it  has  been  recommended  to  use  the 
H.  and  C.  solution  the  first  and  fourth  time, 
and  a  2  per  cent  solution  of  homatropin  alone 
for  the  second  and  third  installation.) 

In  whichever  form  the  H.  and  C.  be  applied, 
the  full  effect  is  gained  in  about  forty  minutes. 
The  effect  passes  off  in  about  twenty-four  hours, 
but  if  after  examination  a  drop  of  a  1  per  cent 
solution  of  eserin  be  instilled  the  mydriasis 
passes  off  in  less  than  an  hour.  In  elderly 
people  with  very  small  pupils,  whose  accom- 
modative power  is  slight,  sufficient  dilatation  of 
the  pupil  may  be  gained  safely  with  a  2  per 
cent  solution  of  cocain,  or  one  application  of  H. 
and  C,  followed  by  a  drop  of  1  per  cent  solu- 
tion of  eserin. 

It  is  well  before  ordering  glasses  to  test  the 
patient  again  with  the  trial  lenses,  after  the 
effect  of  the  mydriatic  has  passed  off,  except  in 
the  case  of  children. 

Some  deduction  has,  as  a  rule,  to  be  made 
from  the  spherical  lens  (not  the  cylinder),  which 
gives  the  full  correction  under  the  mydriatic. 
In  children  ID  may  be  deducted  from  the  full 
atropin  correction,  except  in  the  case  of  con- 
vergent strabismus,  when  only  0'5D  should  be 
deducted.  Adults  vary  considerably  ;  some  will 
accept  their  full  correction,  others  require  even 
ID  to  be  deducted.  Where  it  is  impossible  to 
test  a  second  time,  it  is  usually  safe  to  deduct 
0'75D  or  ID  atropin,  as  in  children,  and  0'5  for 
homatropin  and  cocain.  (For  special  correction 
of  myopia,  see  article  on  "  Myopia.") 

Retinoscopy  without  a  Mydriatic. — In  adults 
mydriatics  may  be  undesirable  for  one  reason 
or  another,  and  in  many  cases  retinoscopy  with- 
out their  use,  combined  with  a  careful  subjective 
test,  will  give  excellent  results.  Certain  points, 
however,  need  specially  to  be  considered.  If  a 
patient,  not  under  the  influence  of  a  mydriatic, 
look  straight  at  the  sight-hole  of  the  mirror  two 
difficulties  at  once  arise :  firstly,  he  will  use  his 
accommodation ;  and,  secondly,  his  pupil  will 
become  so  small  that  the  movement  of  the 
shadow  can  hardly  be  distinguished.  The 
patient  should  therefore  relax  his  accommoda- 
tion by  looking  to  the  other  end  of  the  dark 
room  past  the  observer's  right  ear,  when  his 
right  eye  is  being  examined,  and  past  the  ob- 
server's left  ear  when  the  left  eye  is  under  ex- 
amination ;  the  observer  meanwhile  must  use 
his  right  eye  when  examining  the  patient's  right 
eye,  and  his  left  for  the  patient's  left  eye.  In 
this  position  the  light  is  thrown  by  the  mirror 
on  the  optic  disc — the  least  sensitive  part  of  the 
fundus — and  the  pupil  therefore  does  not  con- 
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tract  so  much,  and  at  the  same  time  the  reflex 
is  brighter.  The  error  introduced  is  that  the 
refraction  at  the  disc  may  not  be  the  same  as  at 
the  macula,  but  with  careful  subjective  testing 
this  error  may  as  a  rule  be  eliminated.  If, 
however,  any  difficulty  be  experienced  a  mydri- 
atic should  be  used. 

Retraction. — The  act  of  drawing  back 
or  aside,  e.g.  the  separation  of  the  lips  of  a 
wound  or  of  the  vulvar  aperture  by  a  special 
instrument  (a  retractor) ;  or,  more  specially,  the 
contraction  of  the  uterus  which  follows  the 
birth  of  the  child,  and  which  is,  unlike  contrac- 
tions in  labour,  not  followed  by  complete  relaxa- 
tion. See  PuERPERiuM,  Physiology  {Involution 
of  the  Uterus). 

Retract ion-Ri  ng^.  See  Labour,  Physi- 
ology OP  (Factor's  of  Labour,  Primary  Powers, 
Uterus). 

Retrahens. — Drawing  back,  as  in  the 
terminology  of  the  muscular  system ;  e.g.  the 
retrahens  atirem  muscle  (auricularis  posterior), 
one  of  the  extrinsic  muscles  of  the  ear,  which,  if 
well  developed,  draws  the  pinna  backwards. 

Retro-. — In  compound  words  retro-  means 
backward,  as  in  retroauricular  (behind  the  ear), 
retrohuccal  (belonging  to  the  posterior  part  of 
the  mouth),  retrocedent  (disappearing  from  super- 
ficial and  reappearing  in  internal  parts,  e.g.  some 
forms  of  gout),  retrocession  (the  act  of  going 
back,  e.g.  the  foetal  head  at  the  vulva  in  labour), 
retroplacental  (behind  the  placenta),  and  retro- 
sternal (behind  the  sternum). 

Retrobulbar  Neuritis. —  inflamma- 
tion of  the  orbital  part  of  the  optic  nerve  ; 
retro-ocular  neuritis.  See  Amblyopia  (Toxic, 
Diagnosis) ;  Retina  and  Optic  Nerve  [Inflam- 
mation of  Optic  Nerve). 

Retroflexion.  See  Uterus,  Displace- 
ments OF  THE  (Retrodisplacements) ;  Pregnancy, 
Affections  of  Generative  Organs  {Retroversion 
of  Gravid  Uterus). 

Retro-ocular  Neuritis.   See  Retro* 

BULBAR  Neuritis. 

Retroperitoneal.  See  Abdominal  Ab- 
scess {Retroperitoneal) ;  Abdominal  Tumours, 
Diagnosis  of  {Retroperitoneal  Glands) ;  etc. 

Retropharyng^eal.  See  Pharynx, 
Diseases  of  {Retropharyngeal  Abscess). 

Retropubic.  See  Pregnancy,  Affec- 
tions of  Generative  Organs  {Retroversion  of 
Gravid  Uterus,  Diagnosis  from  Retropubic 
Abscess). 

Retropulsion. — A  driving  backward,  e.g. 
retropulsion  of  the  coccyx  during  the  birth  of 


the  foetal  head,  or  the  tendency  to  run  back- 
ward seen  in  the  gait  of  paralysis  agitans. 

Retrotarsal. — Behind  the  tarsus  of  the 
eye,  e.g.  the  retrotarsal  fold. 

Retrouterine. — Behind  the  uterus,  e.g. 
a  retrouterine  tumour. 

Retroversion.  See  Uterus,  Displace- 
ments of  {Retrodispjlacements)  ;  Pregnancy, 
Affections  of  Generative  Organs  {Retroversion 
of  the  Gravid  Uterus). 

RetziuS,  Space  of. — The  cavumRetzii, 
a  hollow  on  the  pelvic  aspect  of  the  visceral 
pelvic  fascia  bounded  laterally  by  the  pubo- 
prostatic ligaments ;  in  this  space  the  bladder 
is  not  covered  with  peritoneum. 

RevaCCi nation.  See  Smallpox  {Treat- 
ment, PreventioTb) ;  Vaccination. 

Reverdin's  Method.— A  method  of 

epithelium  grafting  ;  also,  a  method  of  treating 
symblepharon.    See  Skin  Grafting  {Methods). 

Reversion.    See  Heredity  {Reversion). 

Revulsives. — An  almost  obsolete  term 
for  agents  believed  to  divert  a  disease  from  one 
part  of  the  body  to  another,  especially  by 
blood-letting. 

RhabditiS.  —  A  filaria;  e.g.  rhabditis 
Niellyi  (the  parasite  of  craw-craw),  rhabditis 
intestinalis  s.  stercoralis  {angidllula  stercoralis). 

RhabdO-. — in  compound  words  rhabdo- 
(Gr.  pdfjSo'i,  a  rod  or  wand)  means  rod-like ; 
e.g.  rhabdonema  strongyloides  {see  Parasites, 
Nematodes,  Angiostomidae),  rhabdomyoma  (a  form 
of  myoma  containing  striped  muscular  fibres). 

Rhachi-. — in  compound  words  rhachi- 
(Gr.  pax'S)  the  backbone)  means  relating  to  the 
spine  :  it  is  often  spelt  rachi-  {q.v.). 

RhachitiS.    See  Rickets. 

Rhag'adeS. — The  plural  of  rhagas,  a 
fissure  or  tear  (Gr.  paya?,  a  rent  or  chink). 

Rhamni  Purshiani  Cortex.  See 

Cascara  Sagrada. 

Rhatany.    See  Kramebi^  Radix. 

Rheinfelden.  See  Balneology  {Switzer- 
land, JIuriated  Waters). 

Rheonome,  Rheostat,  etc.  See 
Electricity  ;  Physiology,  Tissues  {Muscle  in 
Action). 

RheumarthritiS. — Rheumatic  inflam- 
mation of  a  joint.  See  Rheumatism,  Acute  and 
Chronic. 

Rheumatic  Fever.    .See  Rheumatism, 
Acute. 
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Rheumatism. — This  subject  is  dis- 
cussed under  the  following  sections  : — 

1.  Acute  Rheumatism  ....  537 

2.  Rheumatism  in  Children  .  550 

3.  Rheumatoid  Arthritis  559 

4.  Chronic  Rheumatism        .  .573 

See  also  Adrenal  Glands,  Addison's  Disease 
{Diagnosis,  Pigmentation  in  Rhetmnatoid  Ar- 
thritis) ;  Alcohol  {Indications  in  Rheumatism) ; 
AN.ffiMiA  {Causal  Factors,  Rheumatism) ;  Audi- 
toby  Nerve  and  Labyrinth  {Nerve-Deafness, 
Toxic) ;  Balneology  {In  Disorders  of  Nutrition) ; 
Bone,  Diseases  of  {Osteomyelitis,  Diagnosis) ; 
Brain,  Affections  of  Blood- Vessels  {Cerebral 
Embolism,  Causes) ;  Bronchi,  Bronchitis  (Acute, 
Etiology) ;  BuRS^,  Injuries  and  Diseases  of 
{Bursitis,  Rheumatic) ;  Children,  Clinical 
Examination  of  (Neck,  Stiffness) ;  Chorea 
{Etiology) ;  Cornea  {Localised  Keratitis,  Causes) ; 
Deformities  {Flat-Foot,  Diagnosis ;  Metatars- 
algia,  Diagnosis)  ;  Dengue  (Diagnosis) ;  Dia- 
thesis (Rheumatic) ;  Dysentery  (Diagnosis)  ; 
Eczema  (Etiology) ;  Electricity  (Electric  Bath 
in  Rheumatism) ;  H^emoglobinuria  (Causes)  ; 
Hemophilia  (Diagnosis,  Joint  Affections  of 
Rheumatism) ;  Heart,  Myocardium  and  Endo- 
cardium (General  Pathology,  Etiology) ;  Hip- 
Joint,  Diseases  of  (Acute  and  Chronic  Rheu- 
matism); Hydropathy  (Acihte  Rheumatism,  etc.); 
Hypnotism  (In  Rheumatism) ;  Hysteria  in 
Childhood  (Etiology) ;  Insanity,  Etiology  of  ; 
Insanity,  Nature  and  Symptoms  (Etiological 
Classification) ;  Iris  and  Ciliary  Bodies  (In- 
flammation  of  Iris,  Rheumatic  Iritis) ;  Joints, 
Diseases  of  (Constitutional  Conditions) ;  Larynx, 
Neuroses  of  (Laryngeal  Paralysis,  Varieties) ; 
Menopause  (Associated  Disorders,  Rheumatoid 
Arthritis) ;  Menstruation  and  its  Disorders 
(Dysmenorrhoea,  Varieties,  Systemic  Causes) ; 
Meteorology  (Influence  on  Health,  Cold  and 
Damp) ;  Miliaria  (Acute,  Causes) ;  Nails,  Affec- 
tions OF  THE  (In  ActUe  Rheumatism)  ;  Nerves, 
Peripheral  (Neuritis,  Causes) ;  Nerves,  Mul- 
tiple Peripheral  Neuritis  (General  Etiology); 
Nerves,  Neuralgia  (Etiology) ;  Ocular  Muscles, 
Affections  of  (Paralysis,  Etiology)  ;  Pericar- 
dium, Diseases  of  (Pericarditis,  Etiology) ;  Peri- 
toneum, Acute  Peritonitis  (Clinical  Varieties, 
Rheumatic) ;  Pleura,  Diseases  of  (Pleurisy, 
Etiology) ;  Pulse  (Rate  arid  Temperatu7'e  in 
Rheumatic  Fever)  ;  Sclerotic,  Diseases  of 
(Sclerotitis,  Causes) ;  Scrotum  and  Testicle, 
Diseases  OF  (Orchitis,  Causes;  Testalgia,  Causes); 
Septicemia  {Differential  Diagnosis) ;  Shoulder, 
Diseases  and  Injuriesof (Rheumatoid  Arthritis); 
Spine,  Surgical  Affections  of  (Spondylitis 
Deformans) ;  Syphilis  (Secondary,  "  Rheumatic 
Pains ")  ;  Tabes  Dorsalis  [Sensory  Symptoms, 
Pains) ;  Teeth  (Dental  Caries,  Causes,  Saliva 
in  Rheumatism) ;  Teeth  (Diseases  of  Peridental 
Membrane,  Etiology)  ;  Tetany  (Pathogeny)  ; 
Therapeutics,  Health  Resorts  {Climate  for 


Rheumatism)  ;  Thyroid  Gland,  Medical  (Acute 
Thyroiditis,  Causes)  ;  Trades,  Dangerous  (Mer- 
curialism.  Diagnosis)  ;  Undulant  Fever  (Diag- 
nosis) ;  Urticaria  (Diagnosis). 

Acute  Rheumatism 


Etiology       ......  537 

Predisposing  Causes .        .        .  .537 

Exciting  Causes       ....  538 

Morbid  Anatomy   .....  539 

Symptoms  and  Course   ....  541 

Diagnosis      ......  545 

Prognosis   546 

Treatment     ......  547 


Rheumatic  Fever  is  a  disease  extremely  diffi- 
cult to  define,  and  yet,  when  it  occurs  in  its 
usual  types,  has  all  the  characters  of  a  specific 
aff'ection.  It  is  when  the  unusual  forms  of  the 
disease  are  studied  that  we  are  led  to  recognise 
that  it  is  one  of  a  large  group  of  diseases,  each 
member  of  which  possesses  definite  characters, 
but  all  of  which  bear  a  certain  family  resem- 
blance to  one  another.  The  malady  is  a  very 
serious  one,  and  in  the  crowded  cities  of 
England  very  common ;  but  because  it  is  not 
often  directly  fatal,  the  serious  results  that 
arise  are  liable  to  be  imperfectly  realised. 
Again  and  again  we  see,  especially  among  the 
hard-working  classes,  the  young,  the  attractive 
and  intelligent,  maimed  by  serious  heart  disease, 
and  can  trace  from  a  first  attack  of  rheumatic 
fever  the  commencement  of  a  life  of  suffering 
brightened  only  by  brief  intervals  of  respite. 

Etiology. — The  causes  may  be  divided  into 
the  predisposing  and  exciting. 

Predisposing  Causes. — Inheritance  is  of  much 
importance,  and  double  inheritance  is  more 
liable  to  result  in  a  severe  attack  in  the  child 
than  is  heredity  on  one  side  only. 

It  is  probable  that  there  is  in  rare  instances 
direct  infection  of  the  foetus  through  the 
placental  circvilation,  and  there  is  little  doubt 
that  some  cases  of  congenital  heart  disease  are 
due  to  this  direct  infection,  though  more  usually 
there  would  appear  to  be  not  a  direct  infection, 
but  an  inherited  vulnerability  of  the  tissues. 

Rheumatic  fever  is  more  common  in  child- 
hood and  adolescence  than  in  adult  life  ;  and 
not  only  this,  the  disease  is  more  virulent  and 
the  manifestations  more  numerous  in  the  young. 
One  attack  does  not  confer  immunity,  and  there 
appears  to  be  in  many  instances  an  increased 
liability  to  further  attacks.  On  the  other  hand, 
with  advance  in  age  the  resisting  power  of  the 
constitution  increases,  and  in  considering  im- 
munity we  must  remember  that  it  is  extremely 
difficult  to  feel  sure  when  an  attack  of  rheumatic 
fever  is  absolutely  cured. 

The  influence  of  sex  is  inconsiderable.  The 
season  of  the  year  has  a  marked  effect :  in 
autumn  and  spring  rheumatic  fever  is  rife,  and 
if  the  autumn  commences  with  cold  and  wet. 


538 


RHEUMATISM,  ACUTE 


after  a  long  spell  of  dry  and  hot  weather, 
numerous  cases  are  sure  to  be  met  with  in 
the  towns.  As  Dr.  Newshohiie  has  insisted, 
rheumatic  fever  is  an  urban  disease,  and  he 
associates  it  also  with  a  low  level  of  ground 
water. 

Mental  and  physical  strain  are  additional 
factors.  There  is  good  reason  to  believe  that 
the  strain  of  education,  examinations,  and  the 
contest  for  medals  among  the  vmderfed  and 
more  intelligent  of  the  children  of  the  poor, 
assist  in  the  causation  of  the  choreic  type  of 
rheumatic  fever. 

Sudden  chill,  especially  if  with  this  there  is 
physical  overstrain,  is  a  powerful  predisposing 
cause,  and  it  is  not  uncommon  to  get  a  very 
definite  history  of  such  an  occurrence  from 
which  the  attack  can  be  accurately  dated. 
Acute  rheumatism  appears  to  be  ubiquitous, 
but  in  warm  and  equable  climates  its  occun-ence 
is  not  so  frequent,  and  it  is  not  unlikely  that 
the  thorough  realisation  of  rheumatic  fever  as 
an  infective  disease  will  bring  to  light  some 
important  facts  upon  this  question  of  climatic 
influence. 

Epidemics  have  been  recorded  by  Dr.  Mantle 
and  others,  but  they  are  unusual. 

That  any  particular  diet  predisposes  does 
not  seem  probable,  and  rests  on  no  very  sure 
evidence.  Insufficient  food,  the  emanations  of 
sewer  gas,  and  overcrowding,  by  lowering  the 
health,  are  predisposing  causes,  and  of  these 
foul  air  is  probably  an  important  one. 

The  Exciting  Cause. — Rheumatic  fever  is  an 
infective  disease,  and  as  in  other  diseases  of 
this  type  there  are  many  factors  which  pre- 
dispose to  the  actual  infection,  so,  too,  the  same 
is  true  in  rheumatic  fever.  The  question  also 
arises  whether,  in  addition  to  various  pre- 
disposing factors,  there  are  several  exciting 
causes.  The  answer  to  this  question  cannot 
yet  be  said  to  be  decided,  though,  as  the  result 
of  my  researches  with  Dr.  Alexander  Paine, 
I  believe  that  one  and  not  several  different 
bacteria  will  prove  to  be  the  true  excitant  of 
rheumatic  fever.  This  in  any  case  may  be 
asserted  with  confidence,  that  the  excitant  is 
a  bacterial  infection  ;  and  that  the  view  of  the 
infective  origin  of  the  disease  has  not  been  the 
result  of  a  sudden  desire  to  keep,  as  it  were, 
in  the  fashion,  but  has  been  the  outcome  of 
many  years  of  investigation  by  clinicians,  path- 
ologists, and  bacteriologists,  and  that  by  this 
view  the  manifestations  are  well  explained. 

At  first  the  results  of  bacteriological  investiga- 
tion were  indecisive,  but  of  late  Triboulet  and 
Coyon,  Wassermann,  Poynton  and  Paine,  and 
Fitz-Meyer  have  independently  isolated  diplococci 
which,  though  differing  in  some  minor  respects, 
appear  to  be  identical  and  to  be  a  cause  of  the 
disease.  The  earlier  researches  of  Wilson, 
Mantle,  von  Leyden,  Lofifler,  and  many  others 
prepared  the  way  for  these  later  investigations. 


The  micrococcus,  as  described  by  Dr.  Paine  and 
myself,  is  minute,  and  essentially  a  diplococcus, 
each  element  of  which  is  '5  /a  in  diameter.  On 
solid  media  it  grows  in  staphylococcal  masses, 
in  liquid  media  in  streptococcal  chains,  each 
element  of  which  is  a  diplococcus.  We  found 
the  most  favourable  culture  medium  was  blood- 
agar,  or  milk  and  bouillon  slightly  acidified 
with  lactic  acid.  We  have  isolated  it  from 
twenty  cases  of  rheumatic  fever.  It  is  present 
in  the  local  lesions,  and  in  the  blood  and  urine 
of  the  living  patient  suffering  from  pericarditis. 
Injected  intravenously  into  rabbits  it  reproduces 
the  disease,  and  can  be  isolated  from  the  local 
lesions.  The  organism  is  rapidly  destroyed  at 
the  sites  of  the  local  lesions  in  man,  and  this 
fact,  together  with  its  minute  size,  makes  it 
difficult  to  find  in  the  tissues.  We  have  suc- 
ceeded in  demonstrating  the  diplococcus  in  the 
nodules  and  in  the  synovial  membranes  of  the 
joints,  and  have  isolated  it  from  both  these 
structures  and  from  most  of  the  rheumatic 
lesions.  It  is  visually  present  in  the  exudations, 
though  in  very  acute  and  clear  effusions  it  may 
be  absent,  or  present  only  in  small  numbers. 

In  suitable  media  it  lives  for  long  periods, 
and  keeps  in  some  measure  its  virulence.  It 
stains  well  with  the  aniline  dyes,  but  in  the 
tissues  does  not  retain  the  gentian  violet  used 
in  Gram's  method  with  tenacity. 

The  diplococcus  certainly  gains  access  to  the 
system  through  the  tonsils,  and  may  also  do 
so  by  other  paths  which  have  not  as  yet  been 
demonstrated. 

On  the  other  hand.  Singer  maintains  that 
rheumatic  fever  is  an  attenuated  pyaemia  due 
to  infection  with  various  pus-forming  cocci. 
But  it  appears  inadvisable  to  consider  such  a 
constant  disease  as  rheumatic  fever  as  an 
attenuated  pyaemia  until  several  specifically 
difi'erent  pus-forming  micrococci  are  proved 
conclusively  to  cause  rheimiatic  fever. 

A  brief  allusion  must  also  be  made  to  a  view 
which  maintains  that  arthritic  rheumatism  is 
the  true  disease  due  to  an  unknown  excitant, 
and  that  pericarditis  and  the  other  severe 
lesions  are  the  result  of  secondary  infections. 
To  consider  rheumatic  fever  as  a  multiple 
arthritis,  or  the  severe  lesions  as  complications, 
is,  in  our  opinion,  contrary  to  clinical  experience, 
for  they  are  manifestations  of  the  disease  in  its 
severe  forms ;  further,  the  diplococcus  may  be 
present  in  the  synovial  membranes  of  the  joints 
although  the  clear  exudation  may  be  sterile, 
and  hence  these  lesions,  which  are  looked  upon 
by  upholders  of  the  view  as  true  rheumatism, 
are  identical  in  their  origin  with  other  rheumatic 
manifestations. 

Although  there  are  such  strong  reasons  for 
believing  the  cause  of  rheumatic  fever  to  be  an 
infection  with  a  diplococcus,  this  can  only  ex- 
plain one  factor  in  the  disease — the  exciting 
cause.    The  peculiar  poisons  that  are  formed. 
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and  the  peculiar  vital  chemistry  of  the  human 
tissues,  are  as  yet  unknown. 

The  Morbid  Anatomy.  —  In  studying  the 
morbid  anatomy  of  rheumatic  fever  we  are 
struck  by  the  numerous  local  lesions  that  are 
found,  and  the  disease  in  this  respect  is  in 
marked  contrast  to  diphtheria,  in  which  the 
local  lesions  are  but  few.  In  these  positions 
the  diplococci  are  rapidly  destroyed  by  the  cells 
of  the  living  tissues,  but  while  present  in  these 
lesions  they  give  rise  to  a  condition  of  inflam- 
mation which  often  leaves  the  tissues  more  or 
less  damaged.  These  various  inflammations  in 
rheumatic  fever  rarely  suppurate,  but  when  the 
tissue  changes  are  severe  the  process  of  recovery 
is  incomplete,  and  sclerosis  and  consequent 
deformity  of  such  delicate  structures  as  the 
cardiac  valves  will  result. 

The  recovery  from  arthritis  is  usually  com- 
plete, and  nodules  may  entirely  disappear,  but 
inflammation  of  the  valves  and  pericardium  re- 
peatedly ends  in  deformity  of  the  valve  segments 
and  adhesion  of  the  pericardium.  So  also  in 
some  cases  the  joints  do  not  completely  recover, 
and  the  nodules  may  persist  for  many  months. 
We  are  prepared — since  the  local  changes  are 
the  result  of  the  invasion  of  the  diplococcus — 
to  find  that  the  various  lesions  of  rheumatism 
are  all  of  the  same  type,  when  di;e  allowance 
has  been  made  for  the  anatomical  peculiarities 
of  the  various  tissues. 

If,  for  example,  rheumatic  valvulitis  is  chosen 
to  illustrate  those  changes,  they  will  be  found 
to  be  the  following  : — Microscopic. — When  the 
diplococcus  gains  access  to  the  valve,  the  con- 
nective tissue  immediately  beneath  the  endo- 
cardium swells,  and  the  fibres  become  indistinct 
and  separated  by  a  slight  exudation.  Thus 
the  endocardium  at  that  point  is  raised  above 
the  general  surface  of  the  valve.  Later  the 
connective  tissue  cells  proliferate,  the  endothelial 
lining  is  destroyed,  the  destructive  process 
advances  to  the  stage  of  necrosis,  and  numerous 
leucocytes  will  be  found  in  the  damaged  tissues. 
Thus  the  vegetation  is  formed,  and  usually 
there  are  a  series  of  these  fringing  the  edge  of 
the  segments  of  the  valve.  To  these  vegetations 
fibrin  often  becomes  attached,  but  this  deposit 
of  fibrin  is  no  essential  factor  in  their  formation. 
Repair  commences  by  invasion  of  the  necrotic 
part  of  the  granulation  by  fibroblasts,  and  thus 
eventually  sclerosis  and  deformity  of  the  valve 
result.  It  is  an  important  fact  that  by  the 
time  the  vegetation  is  completely  formed  most 
of  the  organisms  are  destroyed  by  the  activity 
of  the  tissue  cells  and  leucocytes. 

The  macroscopic  appearances  of  rheumatic 
valvulitis  vary  with  the  stages  of  the  process. 
In  the  acute  stage,  if  the  valve  was  previously 
uninjured,  minute  reddish  pink  elevations  are 
visible,  and  the  valve  itself  is  swollen.  When 
the  process  is  less  acute  and  the  valve  damaged 
by  earlier  attacks,  minute  yellow,  somewdiat 


translucent  excrescences  are  formed.  After  re- 
peated attacks  of  inflammation  the  sclerosis  of 
the  segments  of  the  valve  which  results  is  only 
too  well  recognised.  The  mitral  valve  is  the 
most  frequently,  and  also  the  most  extensively 
injured.  Next  in  order  comes  the  aortic  valve, 
then  the  tricuspid,  which  in  childhood  is  affected 
more  often  than  is  generally  thought,  and, 
finally,  though  rarely,  even  the  pulmonary  valve 
may  show  slight  beading. 

The  nodule  passes  through  a  like  series  of 
changes ;  under  the  microscope  in  an  early 
nodule  the  zones  of  necrosis,  cell  proliferation, 
and  swollen  connective  tissue  can  be  readily 
traced,  and  in  the  interstices  of  the  swollen 
connective  tissue  the  diplococci  may  be  demon- 
strated. In  their  macroscopic  appearance 
these  nodules  resemble  a  minute  sago  grain, 
but  the  more  carefully  an  attempt  is  made  to 
dissect  them  from  the  tissues,  the  more  surely 
do  they  disappear  under  the  knife,  for  the  exuda- 
tion within  them  is  pressed  out,  and  scarcely  a 
trace  of  the  nodule  can  then  be  seen.  They 
are  not  therefore  in  their  characteristic  stage 
fibrous  nodules. 

When  the  diplococci  attack  the  more  vascular 
structures,  such  as  the  pericardium  or  joint 
capsules,  they  locate  themselves  in  the  delicate 
areolar  tissue  immediately  beneath  the  endo- 
thelial lining.  Great  dilatation  and  often  rup- 
ture of  the  capillary  blood-vessels  result,  and 
there  is  the  same  cell  proliferation,  leucocytic 
invasion,  and  connective  tissue  swelling  as 
already  described.  The  exudations  into  the 
pericardial  sac  or  joint  cavities  are  at  first  clear 
or  blood-stained,  and  when  the  endothelium  is 
intact  are  usually  sterile.  This  latter  fact  is 
also  confirmed  by  experiment,  which  is  import- 
ant, for  investigators  have  experienced  difficulty 
in  isolating  the  organism  from  these  clear 
effusions. 

Later  the  fluid  becomes  more  opaque  and 
fibrino-cellular,  and  in  some  cases  layers  of  the 
plastic  exudation  are  deposited  upon  the  inner 
surface  of  the  pericardium  and  synovial  mem- 
brane. A  film  of  these  later  exudations  will 
show  under  the  microscope  numerous  leucocytes, 
which  for  the  most  part  stain  well  with  aniline 
dyes  and  are  not  necrotic.  The  interstitial 
tissue  between  the  muscle  bundles  in  the 
neighbourhood  of  the  inflamed  joints  is  also  the 
seat  of  similar  changes.  The  tendon  sheaths 
may  suffer  in  exactly  the  same  way,  and  the 
morbid  changes  in  the  pleura  are  also  of  the 
same  character. 

The  macroscopic  appearances  of  the  peri- 
cardium, pleura,  and  joint  capsules  are  much 
alike,  although,  since  it  is  the  virulent  rheu- 
matism in  which  the  pericardial  tissues  are 
especially  attacked,  the  changes  in  that  structure 
are  usually  moi-e  definite.  In  the  early  stage 
there  is  swelling,  the  tissues  on  section  look 
gelatinous,   and   where   the  blood-vessels  are 
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chiefly  distributed  there  is  much  hyperaemia. 
Later  there  may  be  sclerosis  and  adhesion. 

The  rheumatic  poisons  are  injurious  to  the 
myocardium.  In  severe  cases  there  is  consider- 
able fatty  degeneration  of  the  fibres,  and  though 
this  change  is  most  evident  beneath  the  inflamed 
pericardium,  it  occurs  throughout  the  heart 
wall,  and  is  especially  noticeable  in  the  neigh- 
bourhood of  the  blood  capillaries.  In  some 
cases  there  may  also  be  considerable  cell  exuda- 
tion in  the  fibrous  tissue  between  the  muscle 
bundles,  and  when  the  process  is  long  continued 
a  definite  fibrosis  of  the  heart  wall  results. 

Acute  arteritis  has  been  described  by  Legroux 
as  a  result  of  rheumatic  fever.  The  changes 
commence  immediately  beneath  the  lining  of 
the  vessel  wall,  and  are  of  the  usual  type. 

Another  morbid  change  in  connection  with 
the  cardio-vascular  system  is  a  fibrosis  around 
the  arterioles  and  capillaries,  and  is  of  interest 
as  seeming  to  throw  some  light  upon  the  path- 
ology of  arterio-capillary  fibrosis. 

Phlebitis  with  consequent  thrombosis  may 
also  result  from  the  rheumatic  process.  There 
is  absence  of  suppuration,  and  in  severe  cases 
after  the  process  has  subsided  the  clot  is  organ- 
ised and  the  vessel  converted  into  a  fibrous  cord. 

The  study  of  the  morbid  anatomy  of  such 
viscera  as  the  lungs,  the  liver,  the  spleen,  and 
the  kidneys  is  a  more  difficult  matter.  There 
are  the  complicating  factors  of  cardiac  failure 
from  mechanical  embarrassment  due  to  injury 
of  the  valves  and  consequent  "  backworking." 
There  is  also  the  fortunate  rarity  of  death  from 
a  first  attack.  We  are  cramped,  too,  by  such 
familiar  terms  as  "  nutmegged  liver,"  "  mechani- 
cal congestion  of  the  lungs,"  and  "  cyanotic 
induration  of  the  kidneys."  Yet  there  are  good 
reasons  to  believe  that,  apart  from  the  well- 
recognised  and  definite  changes  due  to  cardiac 
failure,  there  is  also  another  series  of  changes 
in  these  viscera,  the  direct  result  of  the  rheu- 
matic infection. 

The  Lungs. — Pneumonia,  for  example,  is  one 
of  this  series. 

Rheumatic  pneumonia  is  broncho-pneumonic 
in  its  distribution  and  seldom  massive,  as  is  the 
pneumonia  due  to  the  diplococcus  lanceolatus. 
The  patches  are  generally  near  the  pleural 
surface  of  the  lung,  though  in  some  cases 
they  are  scattered  throughout.  There  is  some 
amount  of  pulmonary  collapse  around  these 
areas  of  pneumonic  change.  The  blood-vessels 
are  greatly  distended,  and  there  are  often 
haemorrhages  in  the  alveoli,  which  also  contain 
endothelial  cells  and  leucocytes,  but,  as  a  rule, 
not  a  well-marked  network  of  fibrin. 

The  diplococci,  which  are  very  small  and 
not  lanceolate,  are  sometimes  present  in  great 
numbers  in  the  exudation. 

Apart  from  mechanical  congestion  of  the 
lungs,  a  definite  pulmonary  oedema  sometimes 
occurs  which  is  most  marked  in  the  upper  lobes. 


The  lung  is  firm,  but  doughy  on  pressure,  and 
on  section  much  oedema  fluid  can  be  squeezed 
from  the  cut  surface.  Microscopic  examination 
shows  that  the  alveoli  are  full  of  this  oedema 
fluid. 

The  Liver. — In  a  fatal  first  attack  of  rheu- 
matic fever,  when  there  is  no  oedema  or  other 
definite  evidence  of  "backworking,"  the  liver 
will  be  found  uniformly  pale,  and  a  section  of 
such  a  liver  shows  extensive  fatty  changes, 
which  have  not  the  distribution  characteristic 
of  the  "  nutmeg  liver."  The  change  is  general, 
and  most  probably  the  direct  effect  of  the 
rheumatic  poison.  The  occurrence  of  haemato- 
porphyrinuria  has,  from  quite  another  line  of 
evidence,  been  pointed  out  by  Dr.  A.  E.  Garrod 
as  extremely  suggestive  of  alteration  in  the 
hepatic  metabolism  in  rheumatic  fever. 

The  Spleen. — In  some  of  the  more  malignant 
types  the  spleen,  as  pointed  out  by  Professor 
Litten,  is  uniformly  enlarged,  without  a  trace 
of  infarction  to  account  for  it.  But,  as  a  rule, 
the  spleen  does  not  seem  to  be  one  of  the 
viscera  which  is  much  altered  by  the  direct 
effect  of  rheumatic  fever. 

The  Kidneys.  — In  severe  cases  there  may  be 
well-marked  cloudy  swelling,  coagulation  nec- 
rosis, and  fatty  change  in  the  cells  of  the  con- 
voluted tubules  of  the  kidneys,  and  it  is  very 
probable  that  the  toxins  are  excreted  by  this 
channel  and  are  the  cause  of  these  changes. 
Hsematuria,  apart  from  infarction,  may  result 
in  the  malignant  types  of  the  disease,  and 
albuminuria  may  also  occur,  both  of  which 
occurrences  lend  support  to  the  view  that  the 
rheumatic  poisons  have  a  direct  action  upon  the 
kidneys,  though  in  man  this  is  not  usually  of  a 
severe  type.  The  diplococcus  can  be  isolated 
from  the  urine  in  virulent  cases  of  rheumatic 
fever. 

The  Brain. — The  morbid  changes  in  rheu- 
matic chorea  are  extremely  difficult  to  ascertain, 
the  opportunities  are  so  rare,  and  the  brain  so 
difficult  to  thoroughly  investigate.  Hyperasmia 
and  minute  haemorrhages,  exudation  around  the 
capillary  blood-vessels,  cloudy  swelling  of  the 
neurones,  sometimes  minute  emboli  or  throm- 
boses, and  a  slight  leptomeningitis,  are  among 
the  changes  observed,  and  are  such  as  we 
should  be  led  to  expect. 

After  death  from  hyperpyrexia,  as  a  rule,  no 
definite  morbid  changes  have  been  found  in  the 
brain. 

Angina  Faucium. — The  faucial  inflammation 
is  in  no  way  distinctive ;  it  is  usually  catarrhal 
and  rarely  suppurative,  but  there  may  be  a 
membranous  deposit  upon  the  tonsils  or  a  con- 
dition of  follicular  tonsillitis.  From  repeated 
attacks  considerable  fibrosis  of  the  tonsils  results, 
and  a  section  through  such  tonsils  may  show 
loculi  containing  inflammatory  exudation  at 
some  distance  from  the  surface. 

The  diplococcus  gains  access  to  the  system 
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through  the  tonsils,  and  may  be  found  in  the 
interstitial  framework  in  the  neighbourhood  of 
the  small  blood-vessels ;  but  to  isolate  them 
from  the  numerous  micro-organisms  that  are 
always  present  in  the  throat  is  a  very  difficult 
undertaking  in  the  present  state  of  our  know- 
ledge. 

The  Cutaneous  Lesions. — Apart  from  the 
sudamina  and  miliaria,  there  is  in  most  of  the 
rheumatic  lesions  great  dilatation  of  the  blood 
capillaries,  and  often,  as  in  purpura,  actual 
rupture  of  their  walls.  In  addition,  in  some 
cases  there  is  considerable  exudation  into  the 
subcutaneous  tissues,  a  change  which  is  especi- 
ally noticeable  in  erythema  nodosum. 

Infarction. — The  occurrence  of  infarcts  in  the 
viscera  in  rheumatic  fever  is  an  interesting 
problem.  They  occur  far  more  frequently  in 
malignant  endocarditis,  and  are  ascribed  to  the 
detachment  of  portions  of  the  exuberant  vege- 
tations or  to  detached  blood-clot.  In  simple 
rheumatism  they  occur  most  usually  in  ad- 
vanced mitral  lesions. 

The  Blood. — There  is  usually  well-marked 
coagulation  of  the  blood  after  death. 

Symptoms  and  Course.  —  Rheumatic  fever 
has  no  definite  incubation  period,  and  the  onset 
may  be  either  acute  or,  as  is  more  usually  the 
ease,  gradual.  When  the  onset  is  acute  there 
is  some  definite  history  of  chill  or  exposure  from 
which  the  illness  is  dated,  and  the  first  symp- 
toms generally  show  themselves  within  a  week. 

There  is  a  feeling  of  malaise,  with  moderate 
fever  and  chilliness  ;  there  may  be  a  sore  throat 
or  stiff  neck,  and  the  eyes  look  dull  and  heavy. 
Muscular  feebleness,  fleeting  pains  in  the  limbs, 
and  prostration  follow,  and  usually  in  the  adult 
acute  multiple  arthritis  develops  and  makes  the 
diagnosis  clear.  When  the  onset  is  gradual 
there  are  often  vague  symptoms,  which,  now 
the  disease  is  recognised  as  infective,  are  of 
much  interest.  Anaemia,  irritability,  loss  of 
energy,  and  wasting  are  frequent,  especially  in 
young  subjects.  Again,  headache,  epigastric 
pain,  and  stiffness  in  the  muscles  and  joints  are 
very  suspicious  symptoms,  the  more  so  if  they 
are  accompanied  with  a  slight  rise  of  temper- 
ature. 

The  acute  attacks  of  rheumatic  fever  in  adult 
life  we  associate  with  a  rapid  and  transient 
multiple  arthritis,  which  quickly  renders  the 
patient  quite  helpless,  and  at  the  same  time 
makes  the  nature  of  the  illness  apparent.  Yet 
it  is  unfortunately  the  case,  that  with  them  as 
with  children,  the  first  unequivocal  sign  of 
rheumatic  fever  may  be  inflammation  of  the 
heart  and  not  arthritis,  and  this  carditis  may 
have  been  in  existence  for  some  days  before 
precordial  pain  and  breathlessness  convince  the 
patient  that  he  is  seriously  ill. 

A  severe  attack  of  the  arthritic  type  of  rheu- 
matic fever  is  at  its  height  a  very  characteristic 
disease.    The  sufferer  lies  in  bed  quite  helpless. 


dreading  the  slightest  movement ;  many  of  the 
larger  joints,  and  not  infrequently  the  smaller 
ones  as  well,  are  swollen  and  extremely  tender. 
Over  the  joints,  which  feel  hot  to  the  touch, 
there  may  be  a  red  flush,  and  the  implication 
of  the  tendons  and  the  periarticular  tissues  in 
this  transitory  inflammation  add  to  the  dis- 
tress. 

From  day  to  day  joints  which  were  previously 
unaffected  are  attacked,  and  others  already  in- 
flamed begin  to  subside  often  with  great 
rapidity. 

The  temperature  is  raised  to  a  moderate 
degree  (102°),  but  runs  no  definite  course.  The 
mind  is  clear  and  as  a  rule  acute ;  the  tongue 
is  thickly  coated  with  a  white  fur.  In  many 
cases  there  is  profuse  sweating,  and  the  sour 
odour  that  is  present  has  long  been  pointed  out 
as  a  feature  of  the  illness.  If  the  sweating  is 
profuse  there  is  considerable  thirst,  but  the 
appetite  is  lost,  and  bowels  are  often  consti- 
pated. The  pulse  varies  with  the  extent  of  the 
implication  of  the  heart,  but  it  is  usually  in- 
creased in  rate,  regular,  with  a  large  wave,  and 
easily  compressible.  Examination  of  the  heart 
very  frequently  shows  that  there  is  a  definite 
dilatation.  The  impulse  is  diffuse  ;  the  area  of 
deep  cardiac  dulness  increased,  especially  toward 
the  left ;  the  first  sound  of  the  heart  over  the 
region  of  the  impulse  is  short,  and  the  second 
sound  over  the  pulmonary  area  accentuated. 
In  addition  there  may  be  a  soft  systolic  murmur 
heard  most  plainly  internal  to  and  slightly 
above  the  left  nipple. 

This  represents  the  earliest  affection  of  the 
heart  in  rheumatic  fever,  and  this  eminently 
recoverable  condition  may  drift  almost  imper- 
ceptibly into  organic  valvular  disease.  The 
clinical  importance,  therefore,  of  this  dilatation 
is,  as  Dr.  D.  B.  Lees  has  insisted,  great. 

The  respiratory  system  is  but  little  affected. 
Except  for  anxiety  and  distress  of  mind,  with 
insomnia  from  the  pain,  there  are  no  definite 
nervous  disturbances.  The  urine  is  scanty, 
high-coloured,  and  strongly  acid  ;  the  chlorides 
are  diminished,  and  the  urates  are  increased 
and  form  a  thick  deposit.  Hsematoporphyrin 
is  sometimes  present  in  large  quantities. 

The  course  of  the  illness  is  very  indefinite, 
and  may  be  protracted  by  repeated  relapses 
over  many  weeks.  An  acute  attack  lasts,  as 
a  rule,  about  three  weeks,  but  at  the  present 
time  active  treatment  is  so  commonly  adopted 
that  it  hardly  serves  a  useful  purpose  to  lay 
down  any  definite  duration  for  the  illness. 
Rhe\imatic  fever  is  one  of  those  diseases  from 
which  convalescence  is  often  slow,  and  in  which 
it  is  extremely  difficult  to  feel  sure  when  all 
active  symptoms  are  at  an  end.  Recovery  finds 
the  patient  anaemic  and  prostrate,  and  it  is  not 
uncommon  to  find  that  the  joints  remain  stiff' 
and  muscles  tender  for  a  long  time  after  the 
recovery  is  otherwise  complete.    On  the  other 
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hand,  an  acute  attack  of  the  arthritic  type  is 
very  rarely  indeed  fatal,  and  when  this  is  the 
case  death  is  usually  due  to  the  supervention  of 
cerebral  rheumatism  and  hyperpyrexia. 

In  thus  sketching  briefly  the  clinical  symp- 
toms of  the  arthritic  type  of  the  disease,  I  do 
not  wish  to  imply  that  the  more  severe  types  of 
rheumatic  fever  with  visceral  inflammations  are 
complications  of  the  true  disease.  To  this 
extent  they  are  complications,  that  they  intro- 
duce many  new  dangers,  and  need  a  more 
elaborate  watchfulness  and  care  in  their  treat- 
ment, but  they  are,  I  believe,  essentially  rheu- 
matic manifestations  and  not  the  result  of 
secondary  infection. 

To  enter  into  detail  upon  these  various 
manifestations  would  be  to  trespass  upon  the 
articles  already  devoted  to  their  study,  and  it 
must  suffice  to  point  out  the  chief  clinical 
symptoms  which  lead  the  physician  to  recognise 
their  occurrence. 

First  in  order  of  importance  are  the  cardiac 
affections — endocarditis,  pericarditis,  and  myo- 
carditis. The  proper  understanding  of  these 
will  be  much  simplified  if  it  is  recognised  that 
in  severe  rheumatism  of  the  heart  all  the  struc- 
tures are  injured,  and  that  the  condition  is  one 
of  carditis — but  in  some  cases  the  brunt  of  the 
disease  falls  on  the  valves,  in  others  on  the 
pericardium,  and  again  in  others,  probably,  on 
the  myocardium.  Recalling  the  teaching  of 
the  morbid  anatomy,  we  must  dismiss  from  our 
minds  the  idea  that  myocardial  changes  neces- 
sarily spread  from  the  pericardial  inflammation, 
and  recognise  that  they  are  a  morbid  result  of 
the  rheumatic  poisons  upon  the  muscular 
structure,  as  much  as  are  the  somewhat  similar 
though  more  intense  changes  in  diphtheria  the 
result  of  the  toxins  of  that  disease. 

As  age  advances  the  cardiac  aff"ections  become 
less  frequent,  but  dilatation  of  the  heart,  the 
earliest  evidences  of  which  have  already  been 
described,  still  remains  frequent. 

Endocarditis. — It  is  difficult  to  determine  at 
the  bedside  when  the  valves  are  actually  in- 
flamed, for  the  onset  of  the  valvulitis  may  be  at 
any  period  in  the  disease,  and  the  amount  of 
general  disturbance  very  slight.  Reduplication 
of  the  second  sound  over  the  impulse,  especially 
if  with  this  there  is  a  soft  systolic  murmur 
which  can  be  traced  toward  the  left  axilla, 
points  strongly  to  some  damage  of  the  segments 
of  the  mitral  valve,  and  though  the  murmur 
may  subsequently  disappear,  this  persistent 
alteration  in  the  character  of  the  second  sound 
betrays  that  the  valve  has  been  slightly 
damaged. 

Any  rise  of  temperature  or  increase  in  the 
rapidity  of  the  pulse  must  be  looked  for  as  an 
additional  proof  of  the  occurrence  of  endo- 
carditis. 

Malignant  endocarditis  is  fortunately  not  a 
common  occurrence  in  rheumatic  fever,  though 


from  investigations  made  with  Dr.  Alexander 
Paine,  I  am  convinced  that  this  result  may  be 
a  manifestation  of  rheumatic  fever,  especially 
when  the  valves  have  been  damaged  by  previous 
attacks  of  rheumatism.  The  onset  of  this  fatal 
form  of  valvulitis  is  usually  very  gradual ;  per- 
sistent rapidity  of  the  action  of  the  heart,  loud 
and  often  musical  murmurs,  irregular  fever, 
infarction,  ansemia,  and  emaciation  are  among 
the  important  indications.  In  some  cases  there 
is  doubt  as  to  the  diagnosis,  even  to  the  very 
end  of  the  illness,  but,  as  a  rule,  with  the 
progress  of  the  disease  the  symptoms  diverge 
more  and  more  from  those  which  are  associated 
with  simple  rheumatic  fever. 

Pericarditis. — It  is  the  virulent  rheumatic 
infections,  such  as  are  more  frequently  seen  in 
childhood,  that  give  rise  to  pericarditis,  and  its 
occurrence  is  always  a  grave  matter.  But  to 
separate  rheumatic  pericarditis  from  endocard- 
itis and  myocarditis,  and  to  study  it  apart 
from  them,  is  difficult  and  in  some  degree  mis- 
leading. There  are  many  cases  of  carditis  in 
which  pericardial  inflammation  cannot  be  de- 
tected or  does  not  occur,  which  nevertheless 
damage  the  heart  very  seriously,  and  their 
importance  is  apt  to  be  underrated  because 
pericardial  friction  has  not  been  heard.  Over- 
much of  the  actual  damage  to  the  heart  in 
rheumatism  has  very  probably  been  laid  at  the 
door  of  pericarditis  and  the  adherent  pericar- 
dium, which  is  so  frequent  as  a  sequel. 

Pain  over  the  heart,  dyspnoea,  a  rise  in  the 
temperature,  pallor  of  the  face,  mental  anxiety, 
and  even  delirium  are  among  the  eai'ly  signs 
of  pericarditis.  The  pulse  is  rapid,  often 
irregular,  and  the  tension  remarkably  low. 
The  pericardial  friction  sound  is  frequent,  and 
it  may  not  be  out  of  place  here  to  insist  upon 
the  fact  that  the  greatly  increased  area  of  the 
cardiac  dulness  that  is  so  common  is  far  more 
often  the  result  of  cardiac  dilatation  than  of  a 
large  pericardial  effvision. 

Myocarditis.  —  The  myocardial  changes  in 
rheumatic  fever  are  very  difficult  if  not  impos- 
sible to  diagnose,  though  we  may  often  have 
good  reason  for  suspecting  them.  Insidious 
myocardial  disease  of  rheumatic  origin  is  also 
very  possibly  more  important  than  is  generally 
recognised,  for  it  is  undoubted  that  there  are 
cases  of  rheumatic  morbus  cordis,  the  symptoms 
of  which  are  far  more  urgent  than  the  physical 
signs  would  lead  us  to  expect,  and  which  are 
some  of  them  due  to  damage  to  the  cardiac 
muscle. 

All  rheumatic  affections  of  the  heart  may 
commence  so  unobtrusively  that  nothing  but 
a  routine  and  careful  examination  in  every  case 
of  rheumatic  fever  can  protect  us  from  error. 
And  when  rheumatic  fever  has  left  its  traces  on 
the  heart,  and  the  patient  is  numbered  as  one 
of  the  great  group  of  cases  of  morbus  cordis, 
it  is  more  often  a  fresh  attack  of  rheumatism 
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that  injures  the  compensation  of  this  damaged 
heart  than  any  direct  mechanical  overstrain. 

Phlebitis  and  Venous  Thrombosis. — Phlebitis 
and  venous  thrombosis  are  among  the  more  un- 
usual occurrences,  though  within  the  last  four 
years  I  have  met  with  six  undoubted  examples, 
which  leads  one  to  suppose  it  may  be  more 
common  than  is  perhaps  thought  to  be  the  case. 
French  observers  have  frequently  observed  the 
condition,  and  state  that  phlebitis  is  most 
common  in  the  lower  extremities.  The  phlebitis 
in  my  experience  has  commenced  in  the  large 
veins  of  the  arms  and  neck,  and  all  tributaries 
of  the  superior  vena  cava,  including  the  upper 
part  of  the  vein  itself,  may  be  occluded. 

The  diagnosis  rests  upon  the  occurrence  of 
localised  oedema  of  the  arms,  face,  or  chest,  with 
tenderness  along  the  damaged  veins,  dilatation 
of  the  collateral  vessels,  and  sometimes  the  dis- 
covery of  firm  cords  in  the  position  of  the  veins. 
In  four  of  the  six  cases  that  I  have  seen  there 
was  also  pericarditis. 

Changes  in  the  Blood. — Ancemia. — During 
an  attack  of  rheumatic  fever  there  is  a  fall 
in  the  number  of  red  blood  corpuscles.  The 
decrease  is  usually  rapid,  and  in  convalescence 
this  loss  may  also  be  rapidly  repaired.  There 
are  cases,  however,  in  which,  as  Dr.  A.  E.  Garrod 
has  pointed  out,  antemia  may  persist  for  a  long 
while,  and  in  which  there  is  a  fall  in  the  htemo- 
globin  worth  of  the  blood  corpuscles.  There  is 
very  often  a  moderate  leucocytosis,  and  this  in 
exceptional  cases  may  be  very  marked,  and  the 
leucocytes  contain  diplococci.  In  severe  cases 
of  pericarditis  the  diplococci  circulate  in  the 
general  blood-stream,  and  can  be  isolated  from 
the  blood,  but  in  the  less  severe  cases  it  is 
doubtful  if  even  with  10  c.c.  of  blood  any  con- 
stant results  would  be  obtained. 

Respiratory  Affections. — Ple^irisy. — Rheu- 
matic pleurisy  is  frequent  where  there  is  peri- 
carditis, and  those  parts  of  the  pleurte  which 
overlap  the  pericardium  are  especially  liable 
to  be  attacked.  Pleuro-pericardial  friction  is 
perhaps  more  freqiient  in  rheumatic  fever  than 
in  any  disease,  for  as  a  rule  this  inflammation 
is  plastic.  Pain  in  the  side,  a  catch  in  the 
breath,  and  a  pleural  friction  rub  are  usually 
present  in  rheumatic  as  in  other  forms  of 
pleurisy.  Rheumatic  pleurisy  may  no  doubt 
also  occur  apart  from  pericarditis,  and  it  is 
an  important  question  that  yet  remains  to  be 
solved,  how  many  primary  pleurisies  which  are 
non-suppurative  are  rheumatic  and  not  tuber- 
cular in  their  origin. 

Pneumonia.  —  Rheumatic  pneumonia  is  fre- 
quent in  the  severe  attacks  of  visceral  rheumat- 
ism. The  clinical  features  are  in  some  respects 
remarkable.  It  is,  as  stated  in  the  study  of 
the  morbid  anatomy,  essentially  a  broncho- 
pneumonia, and  when  due  allowance  is  made 
for  the  collapse  of  the  left  lung,  which  always 
occurs  when  the  heart  is  much  enlarged,  it  is 


doubtful  whether,  as  has  been  maintained,  it 
occurs  more  frequently  on  the  left  side.  It 
may  certainly  be  present  on  both  sides.  The 
physical  signs  are  sometimes  much  more  ex- 
tensive than  the  lesions  would  lead  one  to 
suspect,  for  the  actual  pneumonic  change  is 
small.  The  temperature  rises  abruptly,  but 
falls  by  lysis  rather  than  by  crisis,  and  the 
rapidity  of  the  resolution  is  remarkable. 

Pulmonary  (Edema.. — Pulmonary  oedema  is 
rare,  and,  as  described  by  French  writers,  occurs 
suddenly  and  unexpectedly  in  the  mild  cases. 
Such  instances  as  I  have  met  with  have  oc- 
curred in  the  severe  forms  of  cardiac  rheumat- 
ism. Sharp  crepitations  appear  over  the  upper 
lobes  in  front,  and  then,  if  the  condition  is  to 
prove  fatal,  quickly  spread  over  the  entire 
lungs.  There  is  great  respiratory  distress,  but 
in  the  early  stage  recovery  is  possible,  and  the 
crepitations  may  rapidly  disappear. 

It  is  a  very  interesting  point  that  this 
oedema  is  probably  not  of  mechanical  origin, 
for  it  commences,  as  does  the  oedema  in  renal 
disease,  in  the  upper  lobes,  and  is  more  marked 
in  these  lobes  after  death.  In  connection  with 
the  occurrence  of  this  oedema,  it  may  be  advis- 
able to  consider  the  possibility  that  intolerance 
of  salicylates  may  be  a  factor  in  the  causation. 

Nervous  Symptoms. — Chorea  in  adult  life  is 
rare,  though  young  women  during  pregnancy 
may  suffer  sometimes  most  severely  ;  and  those 
who  have  had  a  previous  attack,  or  have  suffered 
from  other  forms  of  rheumatic  fever  in  earlier 
life,  appear  to  be  the  most  liable.  In  adults 
also  a  condition  may  be  sometimes  noticed, 
during  an  attack  of  rheumatic  fever,  which  can 
hardly  be  termed  chorea,  but  in  which  the 
voluntary  movements  are  uncertain,  sudden, 
and  sometimes  irregular.  Finally,  there  are 
cases  of  chorea  in  early  life  which  persist  for 
many  years,  and  which  may  be  truly  called 
chronic  chorea. 

Peripheral  neuritis  is  an  occasional  event, 
and  atrophy  of  the  small  muscles  of  the  hand 
may  sometimes  reach  an  extreme  degree.  In 
some  cases  muscular  atrophy  and  arthritis 
combined  produce  a  condition  very  closely  re- 
sembling acute  rheumatoid  arthritis. 

Hyperpyrexia ;  Cerebral  Rheumatism  of  the 
French  Writers. — This  is  the  most  fatal  event 
that  occurs  in  an  attack  of  rheumatic  fever,  but 
is  fortunately  rare. 

The  i-apid  rise  of  temperature  to  such  a  limit 
as  108°,  or  even  higher,  forms  the  most  striking 
feature  ;  but  the  cei-ebral  symptoms  are  also 
very  remarkable,  and  they  may  occur  before  the 
temperature  has  reached  a  great  height.  There 
can  be  little  doubt  that  behind  these  conditions 
there  is  some  underlying  cause  which  accounts 
both  for  the  cerebral  symptoms  and  the  hyper- 
pyrexia. Headache,  restlessness,  and  insomnia 
may  be  the  early  symptoms.  Sometimes  much 
urine  is  passed,  and  the  pain  in  the  joints  may 
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disappear  and  sweating  cease.  Later,  delirium, 
coma,  muscular  tremors,  and  involuntary  evacu- 
ations occur,  and  death  may  follow  general 
convulsions.  The  temperature  may  rise  with 
extreme  rapidity,  or  after  maintaining  a  high 
level  for  some  days  suddenly  rise  beyond  the 
limits  of  safety.  The  condition  is  always  one 
of  extreme  danger,  and  one  which  requires 
prompt  and  decisive  treatment. 

Angina  Faucium. — There  is  no  characteristic 
sore  throat,  but  the  most  common  type  is 
probably  the  one  described  by  Fernet,  and 
quoted  by  Dr.  A.  E.  Garrod  in  his  treatise  on 
rheumatism :  "  A  diffuse  erythematous  redness 
is  seen  to  occupy  the  whole  of  the  back  of  the 
throat,  and  some  oedematous  swelling  of  the 
mucous  membrane  is  present,  which  is  most 
marked  about  the  uvula,  which  is  swollen  and 
elongated.  The  pharynx  is  moist  and  free  from 
all  exudation  ;  one  or  both  tonsils  may  present 
more  or  less  considerable  swelling."  The  throat 
is  one  path  of  infection,  but  it  would  be  unwise 
to  claim  it  as  the  only  one ;  at  the  same  time, 
if  inflammation  is  to  be  looked  upon  as  an  effort 
of  resistance,  it  may  be  well  to  point  out  the 
possibility  of  a  virulent  infection  by  this  channel 
without  the  occurrence  of  pain  and  inflamma- 
tion. Such  an  occurrence  in  other  infections — 
puerperal  fever,  for  example  —  is  thoroughly 
recognised.  The  infection  may  be  terribly 
virulent,  but  local  changes  practically  absent. 

Peritonitis. — When  we  consider  the  frequency 
of  pericarditis  and  pleurisy,  it  is  interesting  to 
find  the  rarity  of  peritonitis  ;  but  though  rare, 
the  occurrence  is  undoubted,  and  with  the  other 
symptoms  of  this  condition  loud  peritoneal 
friction  may  be  occasionally  heard. 

Acute  dilatation  of  the  stomach  may  follow 
rheumatic  fever,  and  the  digestion  is  often 
enfeebled  for  some  time  after  a  prolonged 
attack. 

Appendicitis  has  been  traced  to  rheumatic 
fever,  and  among  others  Dr.  Burney  Yeo,  Dr. 
Sutherland,  and  Dr.  Beverley  Robinson  have 
supported  this  view.  It  is  very  difiicult  to 
trace  a  definite  connection  between  these  dis- 
eases, and  the  subject  is  the  more  difficult 
because  there  sometimes  arises  in  connection 
with  appendicitis  a  septic  arthritis  which  may 
closely  resemble  the  arthritis  of  rheumatism. 

Renal  Affections. — Nephritis,  though  not 
common,  has  been  observed  by  competent 
authorities,  and  it  is  very  probable  that  the 
kidneys  are  often  damaged  by  repeated  attacks 
of  rheumatic  fever,  without  that  damage  reach- 
ing the  stage  of  an  actual  nephritis.  Rheumatic 
fever  may  in  this  way  assist  in  the  production 
of  that  condition  recognised  in  later  life  as 
"granular  kidney." 

Albuminuria  sometimes  occurs,  and,  if  there 
is  infarction,  hsematuria. 

Hsematuria  may  also  occur  without  any 
evidence  of  infarction  in  some  malignant  types 


of  the  disease  to  which  Professor  Litten  has 
especially  directed  attention. 

Subcutaneous  Nodules. — Subcutaneous  nodules 
sometimes  occur  in  adults  over  the  bony  promi- 
nences and  along  the  sheaths  of  tendons.  In 
some  seasons  these  nodules  are  far  more  common 
than  in  others,  and  it  is  then  they  are  most 
liable  to  be  found  in  adults,  and  it  is  then  also 
they  may  occur  without  severe  cai'diac  disease, 
which,  as  Dr.  W.  B.  Cheadle  has  insisted,  is 
the  usual  accompaniment.  Myalgia  may  be  a 
troublesome  symptom  in  an  attack  of  rheumatic 
fever,  when  the  joints  in  the  proximity  of  the 
muscles  show  no  signs  of  inflammation. 

Cutaneous  Manifestations. — Although  much 
clinical  information  has  been  obtained  upon  the 
skin  affections,  there  is  still  a  good  deal  of 
obscurity  around  the  subject,  on  account  of 
the  difficulty  in  determining  which  of  these 
lesions  are  truly  rheumatic. 

Among  the  acute  affections  the  erythemata 
and  purpura  are  well  recognised,  and  if  some 
forms  of  psoriasis  and  scleroderma  are  accepted 
as  rheumatic,  these  would  represent  skin  affec- 
tions of  the  more  chronic  type. 

The  erythemata  are  classified  according  to 
their  characters  as  erythema,  marginatum, 
papulatum,  bullosum,  and  nodosum. 

The  first  two  are  also  included  under  the  term 
erythema  multiforme. 

The  marginate  form  appears  in  circles  of 
various  sizes,  often  called  by  the  patient  "ring- 
worms," the  dull  pink  colour  of  which  quickly 
changes  in  the  centre  to  a  livid  hue.  The 
circles  often  coalesce,  and  thus  are  formed 
gyrate  patterns  which  fade  and  leave  a  dull 
stain.  In  association  with  these  forms  of  ery- 
thema, purpura  is  not  uncommon,  and  occasion- 
ally a  subcutaneous  nodule  appears  in  the 
centre  of  a  patch. 

In  the  papular  forms  the  areas  are  raised, 
usually  symmetrical,  and  often  show  a  slight 
bruising.  These  eruptions,  except  for  some 
smarting,  give  rise  to  little  discomfort.  In 
rare  cases  there  is  extensive  purpura  without 
the  occurrence  of  haemorrhages  from  the  mucous 
surfaces,  and  sometimes  large  sanious  bullae 
may  be  formed.  If  the  process  be  closely 
watched,  erythema  is  found  to  precede  this 
purpuric  condition,  but  the  change  is  rapid  and 
very  complete.  When  these  stages  are  passed 
through  very  rapidly,  and  there  is  active  rheu- 
matism as  well,  that  condition  of  purpura 
results  which  may  be  truly  called  rheumatic, 
but  there  are  other  forms  of  purpura  associated 
with  arthritis  which  it  is  difficult  to  feel  confi- 
dent are  truly  rheumatic. 

Erythema  nodosum  is  a  remarkable  affection, 
in  which  intensely  tender  nodes  appear  most 
usually  over  the  shins,  but  also  over  the  fore- 
arms, thighs,  and  elsewhere.  At  first  they  are 
a  bright  pink  colour,  later  they  are  a  dull  red, 
and  may  pit  on  pressure,  and  finally  they  leave 
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for  a  while  a  bruise-like  stain.  In  rare  in- 
stances subcutaneous  nodules  occur  which  differ 
considerably  in  their  distribution  from  rheu- 
matic nodules,  and  over  which  the  skin  is  not 
discoloured. 

Whether  erythema  nodosum  is  rheumatic  is 
still  much  disputed,  and  the  question  cannot  be 
said  to  be  definitely  settled.  At  present  it  is 
perhaps  the  safest  plan  to  make  a  compromise, 
and  say  some  cases  are  rheumatic  and  some  are 
not ;  for,  on  the  one  hand,  the  late  Dr.  Begbie, 
Dr.  Stephen  Mackenzie,  Dr.  Cheadle,  and  others 
have  brought  forward  good  evidence  of  such  an 
occurrence  in  rheumatism.  On  the  other  hand, 
competent  authorities  have  given  good  reasons 
to  show  that  it  may  occur  quite  apart  from 
rheumatic  fever. 

Dr.  Goodhart  and  others  have  looked  upon 
psoriasis  as  a  rheumatic  affection,  and  there 
seems  excellent  reason  for  this  belief.  Sclero- 
derma is  so  rare  that  it  is  difficult  to  prove  the 
association,  but  Dr.  Ball,  Sir  Dyce  Duckworth, 
Dr.  Crocker,  and  others  have  brought  forward 
clinical  evidence  in  its  favour. 

Urticaria  is  believed  by  many  to  be  a  rheu- 
matic manifestation,  and  Dr.  A.  E.  Garrod  has 
noted  that  in  some  cases  a  localised  oedema  may 
replace  an  urticarial  or  erythematous  eruption. 

It  is  not  unlikely  that  the  sudamina  of 
rheumatic  fever  are  rheumatic  manifestations. 

Exophthalmic  Goitre. — Dr.  Samuel  West 
has  drawn  attention  to  the  frequency  with 
which  a  history  of  rheumatic  fever  is  obtained 
in  these  cases.  The  association  is  a  very  re- 
markable one,  of  which  I  have  seen  several 
instances.  In  rare  cases  inflammation  of  the 
thyroid  gland  has  been  observed. 

Conjunctivitis  and  iritis  appear  to  be  rare, 
and  there  is  doubt  whether  the  latter  ever 
results  from  rheumatic  fever.  I  would  venture 
to  throw  in  my  opinion  with  those  who  believe 
there  is  a  true  rheumatic  iritis. 

The  Diagnosis  of  Rheumatic  Fever 
When  the  diagnosis  of  rheumatic  fever  is 
considered,  we  are  struck  with  the  great  change 
that  has  taken  place  in  the  views  upon  arthritis. 
The  investigations  of  bacteriologists  have  de- 
monstrated that  arthritis  is  a  result  of  many 
and  various  infections  :  the  mention  of  tubercu- 
lar, pneumonococcal,  streptococcal,  staphylococ- 
cal, and  gonococcal  arthritis  in  addition  to  the 
rheumatic  form  is  sufficient  to  exemplify  this, 
and  in  each  case  it  is  admitted  that  the  arthri- 
tis is  a  manifestation  of  the  disease,  and  not 
the  disease  itself.  No  doubt  the  arthritis  in 
each  instance  often  presents  some  peculiarity  in 
its  course,  as  does  the  disease  which  is  the 
cause,  but  an  attempt  to  found  a  diagnosis  upon 
some  minute  detail  of  morbid  anatomy  is  no 
longer  relied  upon  as  satisfactory. 

It  is  to  be  hoped  that  some  means  will  arise 
by  which  the  diagnosis  of  rheumatic  fever  can 
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be  pushed,  as  it  were,  a  step  farther  back. 
Those  symptoms  which  we  now  look  upon  as 
only  suspicious  will  then  be  recognised  as 
certain  indications,  and  there  will  result  a 
greater  likelihood  of  forestalling  the  cardiac 
complications.  The  infective  view  of  the  dis- 
ease holds  out  a  promise  that  this  advance  will 
be  made,  and  although  it  is  not  likely  that  the 
morphological  characters  of  the  diplococcus  will 
assist  in  the  diagnosis,  some  peculiarity  in  the 
cultural  characteristics  may  eventually  prove 
of  great  service. 

At  present  the  difficulty  in  the  early  diag- 
nosis is  to  separate  rheumatic  fever  from  other 
acute  fevers,  and  in  particular  from  scarlet 
fever,  influenza,  and  enteric  fever  when  there 
is  arthritis  early  in  the  illness.  Acute  osteo- 
myelitis may  lead  to  a  serious  error.  Again, 
when  tonsillitis  occurs  it  is  difficult  to  say 
whether  this  is  a  local  affection  only,  or  a 
manifestation  of  the  more  serious  disease.  It 
may,  indeed,  be  necessary  to  suspend  judgment 
for  a  time,  but  if  all  the  facts  of  the  illness  are 
carefully  weighed  the  delay  is  usually  short. 

Later,  when  arthritis  has  already  developed, 
a  broad  survey  is  taken  of  the  entire  case  :  the 
age,  the  family  history,  the  character  of  the 
arthritis,  the  implication  of  the  heart,  the  oc- 
currence of  subcutaneous  nodules.  All  these 
and  other  points  as  well  are  studied,  and  then 
in  most  instances  the  diagnosis  is  easy. 

Rheumatoid  Arthritis. —  In  the  present  state 
of  our  knowledge  of  rheumatoid  arthritis,  it  is 
difficult  to  lay  down  any  sure  rules  for  diagnosis, 
and  it  is  quite  probable  that  some  of  these 
cases  are  really  examples  of  inveterate  rheu- 
matic arthritis.  On  the  other  hand,  an  insidious 
disease  which,  according  to  Mr.  Jonathan 
Hutchinson,  is  most  common  in  delicate  women 
of  gouty  inheritance,  in  which  intractable  pro- 
gressive arthritis,  often  curiously  symmetrical, 
is  accompanied  by  great  muscular  wasting,  and 
in  which  functional  rather  than  organic  disease 
of  the  heart  is  the  rule,  points  to  that  form  of 
joint  affection  which  is  called  rheumatoid 
arthritis.  The  weight  of  the  disease  falls  in 
these  cases  upon  the  joints,  the  muscles,  and 
the  nerves,  and,  though  it  is  a  rule  by  no  means 
without  exception,  the  heart  is  spared  the  severe 
inflammations  of  rheumatic  fever. 

Rheumatic  Fever  and  Gout. — I  feel  that  to 
speak  of  rheumatic  gout  is  to  be  guilty  of  some- 
thing of  a  heresy,  but  presumably  there  can  be 
no  reason  why  the  rheumatic  infection  should 
not  attack  a  gouty  person.  If  it  be  allowed 
that  it  is  the  tissue  metabolism  in  gout  which 
is  peculiar,  then  it  is  highly  probable  that  the 
rheumatic  infection  will  be  modified  by  the 
peculiar  soil  in  which  it  has  gained  a  foothold, 
and  a  condition  will  result  which  is  rheumatism 
in  a  gouty  subject.  On  the  other  hand,  a 
patient  who  has  suffered  from  rheumatism  in 
early  life  may  so  live  in  his  adult  life  as  to 
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become  gouty,  and  gout  in  a  rheumatic  subject 
may  be  also  modified  in  its  character.  The 
tendency  is  for  the  arthritis  in  these  cases  to  be 
unusually  obstinate.  In  lead-workers  who  have 
suffered  from  undoubted  rheumatic  fever,  a 
condition  of  arthritis  in  later  life  is  seen  which 
is  called  gout — a  condition  far  more  intractable 
than  the  usual  rheumatic  arthritis,  yet  not  in- 
frequently called  gout,  chiefly  because  the 
patients  were  workers  in  lead. 

Pycemic  Arthritis. — In  severe  cases  of  sup- 
purative arthritis,  rigors,  high  irregular  fever, 
delirium,  and  rapid  prostration  are  usual.  But 
there  is  a  group  of  cases  vaguely  termed 
"septic"  which  do  not  run  this  severe  course, 
and  which,  if  we  judged  by  arthritis  only,  would 
be  very  difficult  to  separate  from  rheumatic 
arthritis.  Such  cases  require  further  elucida- 
tion. Again,  there  is  a  form  of  pyjemic  arthritis 
met  with  in  drunkards  whose  constitutions  are 
shattered,  in  which  the  temperature  does  not 
range  high,  and  may  indeed  even  be  subnormal 
for  a  time.  The  joints  are  swollen  and  tender ; 
there  are  tremor  and  wandering  of  the  mind  at 
night.  The  pulse  is  feeble,  and  the  extremities 
are  cold.  To  mistake  this  condition  for  rheu- 
matic fever  is  a  serious  error,  for  it  is  invariably 
fatal,  and  the  end  comes  with  great  rapidity. 

Gonorrhoeal  Arthritis. — The  diagnosis  in  this 
case  rests  chiefly  upon  the  occurrence  of  a 
urethral  discharge,  or  a  history  of  a  recent 
attack  of  gonorrhoea.  The  heart  is  rarely 
affected,  and  conjunctivitis  and  iritis  are  much 
more  frequent  occurrences  than  in  rheumatic 
fever. 

Traumatic  arthritis  is  usually  monarticular, 
and  there  is  a  definite  history  of  injury  to  serve 
as  a  guide,  but  it  should  be  borne  in  mind  that 
in  rheumatic  fever  there  may  occur  an  arthritis 
of  one  joint  only.  Errors  may  then  easily  arise. 
The  patient  may  say,  "  I  have  sprained  my 
ankle,"  and  his  diagnosis  be  too  readily  accepted, 
when  a  more  careful  search  would  have  dis- 
covered fever,  and  perhaps  inflammation  of  the 
heart.  Acute  monarticular  rheumatism  of  the 
right  hip-joint  may  be  mistaken  for  appendicitis. 

The  arthritis  that  follows  dysentery  and  other 
ulcerations  of  the  colon  in  the  early  stage  re- 
sembles a  pysemic  arthritis  in  its  severity,  and 
with  it  there  may  be  extreme  muscular  wasting, 
nevertheless  the  recovery  is  often  very  remark- 
able. The  diagnosis  rests  chiefly  upon  the 
history  of  the  disease  from  which  the  illness  has 
dated.  With  tubercular,  syphilitic,  and  pneu- 
monococcal  arthritis,  the  same  broad  survey  of 
all  the  facts  must  be  taken  in  arriving  at  a 
conclusion. 

Allusion  may  here  be  made  to  the  value  of 
the  salicylate  treatment  as  a  diagnostic  aid. 
The  rapid  way  in  which  many  cases  of  rheu- 
matic polyarthritis  subside  under  this  treatment 
is  an  undoubted  assistance  in  diagnosis,  but  it 
is  far  from  certain  that  we  are  justified  in 


making  the  result  of  this  treatment  a  complete 
test  of  the  rheumatic  nature  of  a  doubtful  case. 
The  action  of  salicylates  is  so  little  understood, 
and  the  nature  of  the  rheumatic  processes  at 
present  so  mysterious,  that  it  seems  hazardous 
to  build  up  a  diagnosis  on  such  evidence,  how- 
ever strongly  the  practical  convenience  of  it 
may  appeal  to  us. 

The  Prognosis  of  Rheumatic  Fever 

It  is  very  rarely  that  a  patient  does  not  re- 
cover from  a  first  attack  of  rheumatic  fever, 
though  hyperpyrexia  occasionally  supervenes  and 
proves  rapidly  fatal,  and  in  exceptional  cases 
carditis  has  been  the  cause  of  death.  In  the 
vast  majority  of  cases  recovery  occurs,  but  it  is 
unfortunate  that  this  recovery  is  often  incom- 
plete, and  even  more  unfortunate  that  one 
attack  does  not  protect  in  the  future. 

The  prognostic  indications  of  the  various  heart 
affections  are  dealt  with  in  the  articles  devoted 
to  those  diseases.  Here  we  are  only  concerned 
with  the  prognosis  of  acute  rheumatism,  for 
which  only  general  rules  can  be  given.  The 
younger  the  patient,  and  the  more  pronounced 
the  hereditary  tendency,  the  greater  fear  there 
is  of  a  future  attack,  and  this  fear  will  be  en- 
hanced if  the  circumstances  are  poor  and  the 
surroundings  unhealthy.  Repeated  attacks  of 
rheumatic  fever  in  early  life  usually  leave  some 
organic  heart  disease  behind  them. 

The  occurrence  of  pericarditis,  pleurisy,  and 
pneumonia  point  to  the  virulent  types  of  the 
disease,  and  subcutaneous  nodules,  as  Dr. 
W.  B.  Cheadle  has  insisted,  are  additional  proofs 
of  this,  although,  as  mentioned  earlier  in  the 
article,  there  are  some  exceptional  instances. 

The  supervention  of  the  malignant  type  of 
endocarditis  is  extremely  grave,  and  such  cases 
seldom  recover.  The  pei-sistent  types  of  sub- 
acute rheumatic  fever,  in  which  pericarditis  and 
other  manifestations  appear  from  week  to  week 
and  month  to  month,  are  of  bad  prognosis,  and 
it  would  seem  that  when  the  health  of  the 
patient  has  been  long  undermined  by  the  rheu- 
matic processes  and  the  mechanical  difficulties 
of  chronic  valvulitis,  a  condition  is  reached  in 
which  active  rheumatism  smoulders  on  un- 
affected by  any  methods  of  treatment.  On  the 
other  hand,  many  cases  of  articular  rheumatism, 
especially  in  adults,  recover  completely,  and, 
even  if  valvulitis  has  resulted,  the  mitral  in- 
competence is  often  so  slight  as  to  produce 
no  tangible  injury  to  health,  provided  there 
are  no  further  attacks  of  rheumatic  fever. 
Pericarditis  is  justly  dreaded,  but  there  is  good 
reason  to  suppose  that  recovery  from  this  may 
sometimes  be  complete.  As  a  rule  the  joints 
recover  completely,  and,  even  though  pain  and 
stiffness  remain  for  some  while  afterwards, 
assiduous  treatment  will  generally  meet  with 
success.  There  are  exceptional  cases  in  which 
deformity  results  and  remains  permanent.  Such 
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cases,  though  they  resemble  rheumatic  fever  in 
their  varied  manifestations,  are,  in  the  character 
of  the  changes  in  the  joint,  more  akin  to  rheu- 
matoid arthritis. 

The  prognosis  in  hyperpyrexia  is  very  grave, 
but  the  prompt  treatment  by  cold  baths  has 
made  it  far  more  favourable  than  it  used  to  be. 

The  Treatment  of  Rheumatic  Fever 
Although  there  is  no  method  of  treatment 
which  is  generally  recognised  as  specific,  it  is 
a  disease  which  skill  and  care  can  do  much  to 
alleviate.  The  tendency  that  there  is  to 
natural  recovery  makes  it  especially  difficult 
to  ascertain  the  amount  of  improvement  that 
directly  results  from  treatment  by  drugs,  and  as 
a  result  many  different  remedies  have  been  used 
and  later  abandoned.  There  seems  little  doubt 
that  some  manifestations  respond  to  treatment 
better  than  others,  and  that  of  these  arthritis  is 
the  most,  and  carditis  the  least,  amenable.  Ex- 
perience has  shown  also  that  depleting  measures, 
such  as  free  venesection  and  hard  purging,  are 
out  of  place  in  the  management  of  rheumatic 
fever. 

Prophylaxis. — It  is  only  within  recent  years 
that  the  great  importance  of  the  early  warnings 
of  rheumatic  fever  have  been  insisted  upon,  and 
the  prophylactic  treatment  can  hardly  yet  be 
said  to  have  developed.  The  search  for  suit- 
able climates  for  rheumatic  children,  for  the 
paths  of  infection,  and  for  the  methods  by  which 
infection  may  be  avoided,  will  very  probably 
lead  to  good  results.  And  the  influence  of  bad 
sanitation  on  the  occurrence  of  rheumatic  fever 
seems  especially  worthy  of  attention. 

Treatment  op  an  Attack  of  Rheumatic 
Fever. — General  Measures. — -Rest  in  bed  is  the 
remedy  that  at  present  stands  first,  and  has 
been  insisted  upon  by  all  the  greatest  teachers 
upon  the  treatment  of  the  disease. 

Strong  nurses  are  required  when  the  patient 
is  an  adult,  for  the  pain  on  movement  causes 
complete  helplessness,  and  the  ineffectual  efforts 
of  a  nurse,  however  skilful,  who  is  physically 
unable  to  lift  the  patient  properly,  is  an  ad- 
ditional cause  of  suffering. 

The  bed  should  be  strong  and  firm,  the  height 
a  convenient  one,  and  the  breadth  not  so  great 
as  to  make  the  patient  difficult  to  move  from 
either  side. 

On  account  of  the  profuse  sweating  he  should 
lie  between  blankets,  and  these  can  now  be 
obtained  of  such  softness  as  to  be  suitable  for 
the  more  delicate  skins. 

Lastly,  the  bed-gown  should  be  of  flannel, 
and  by  means  of  suitable  tapes  should  allow  of 
an  inflamed  joint  being  easily  reached.  When 
the  sweating  is  very  profuse,  occasional  gentle 
drying  with  a  soft  warm  towel  is  grateful,  and 
helps  to  diminish  the  unpleasant  odour  which 
is  so  frequently  noticed. 

Local  Treatment. — Hot  dry  wool  is  a  very 


useful  routine  application,  and  plenty  of  this 
should  be  gently  bandaged  around  the  joints, 
or,  if  wool  cannot  be  obtained,  firje  sand  or  salt 
baked  until  dry  and  placed  in  suitable  bags 
make  good  alternatives. 

Opium  and  belladonna  liniment,  warm  alka- 
line lotions,  and  hot  fomentations  can  be  used, 
though  the  aim  should  be,  as  far  as  possible, 
to  avoid  frequently  disturbing  the  limb. 

When  the  pain  in  one  joint  is  excessive, 
plaster  splints  are  useful  for  keeping  the  limb 
absolutely  at  rest. 

Cold  applications  are  not  so  generally  useful, 
and  though  blisters  or  a  light  touch  with  the 
cautery  are  of  great  service  in  chronic  arthritis, 
these  are  not  so  suitable  when  many  joints  are 
affected  with  acute  inflammation. 

When  the  joints  remain  stiff,  weak,  and 
painful  after  an  acute  attack,  gentle  massage, 
dry  heat,  and  hydropathy  are  indicated,  and 
the  compound  mustard  liniment,  though  un- 
pleasant, is  a  useful  aid  in  relieving  pain  when 
the  more  expensive  methods  are  out  of  the 
question. 

_Oiet. — The  diet  during  an  acute  attack  should 
be  light  and  nourishing,  milk  diluted  with  a 
mineral  water  or  barley  water,  light  soups,  and 
later  farinaceous  foods,  given  at  regular  in- 
tervals. Sti'ong  soups,  and  the  many  patent 
meat  preparations,  although  they  are  stimulat- 
ing, throw  a  strain  upon  the  kidneys  which  in 
acute  rheumatic  fever  is  better  avoided. 

When  the  attack  is  less  acute  the  diet  need 
not  be  so  rigid.  It  is  difficult  to  explain  the 
reasons  for  the  strong  objection  there  is  to  the 
use  of  animal  foods  in  rheumatism,  but  physicians 
of  wide  experience  have  insisted  that  relapses 
are  favoured  by  their  use,  and  that  they  have 
had  cause  to  regret  a  concession  to  the  patient 
upon  this  point.  Much  probably  depends  upon 
the  character  of  the  attack,  and  there  can  be 
little  doubt  that  in  the  protracted  and  asthenic 
type  in  which  the  temperature  is  but  little 
raised,  a  generous  diet  is  better  than  a  restricted 
one. 

If,  on  the  other  hand,  in  a  strong  adult  the 
diet  has  been  limited,  the  return  to  meat  and 
ordinary  meals  must  be  gradual,  for  the  diges- 
tion is  considerably  impaired  by  the  disease. 
The  use  of  alcohol  is  not  required  unless  there 
are  indications  of  cardiac  failure,  and  the 
physician  will  then  be  guided  by  such  indica- 
tions as  hold  good  in  the  treatment  of  diseases 
of  the  heart. 

Treatment  by  Drugs. — The  Salts  of  Salicylic 
Acid  and  Salicin. — These  drugs  are  very  widely 
used,  especially  in  the  treatment  of  the  arthritic 
type  of  rheumatic  fever. 

First  introduced  by  Dr.  Maclagan  into  Eng- 
land, they  have  undoubtedly  proved  of  great 
value,  and  have  relieved  an  immense  amount 
of  suffering ;  under  their  influence  the  pain  of 
the  arthritis  is  rapidly  eased,  and  the  tempera- 
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ture  falls,  but  the  severe  rheumatic  affections, 
such  as  pericarditis  and  endocarditis,  do  not 
seem  to  respond  in  the  same  striking  manner, 
and  nodules  may  increase  in  size  and  number 
while  full  doses  are  being  taken.  Many  believe 
the  action  of  these  salicylates  is  specific,  but 
it  appears  certain  that  in  severe  rheumatic 
pericarditis  this  specific  action  cannot  be  clearly 
recognised  when  doses  are  given  within  the 
the  limits  of  safety. 

They  may  be  used  to  arrest  a  threatened 
attack  of  rheumatic  fever,  to  control  the  de- 
veloped disease,  and  to  prevent  relapses. 

It  is  in  the  earlier  stages,  before  definite 
arthritis  or  endocarditis  has  developed,  that 
we  should  be  led  to  expect  the  best  results 
from  their  use,  but  it  is  diflicult  to  feel  sure 
at  such  an  early  stage  that  the  attack  would 
have  developed  into  the  pronounced  disease. 
There  is,  nevertheless,  in  this  early  stage  good 
reason  to  suppose  that  they  are  of  value.  When 
the  disease  has  fully  developed,  it  is  generally 
agreed  that  the  drugs  should  be  pushed  in  full 
doses  for  a  short  time  to  get  the  patient  rapidly 
under  their  influence.  Some  authorities,  having 
achieved  this  object,  stop  them  abruptly  ;  others 
gradually  diminish  the  dose  and  increase  the 
intervals  between  them.  The  latter  course 
appears  to  be  the  more  satisfactory.  If,  then, 
we  suppose  a  strong  adult  suffering  from  an 
acute  attack  of  arthritic  rheumatism,  the 
bowels  should  be  opened  by  an  aperient,  and 
twenty-grain  doses  of  salicylate  of  soda  be 
given  every  two  hours  until  the  temperature 
falls  and  the  pain  is  relieved,  then  the  interval 
be  increased  to  every  four  hours,  and  later 
the  dose  gradually  diminished.  When  the 
temperature  and  arthritis  have  been  subdued 
for  about  ten  days  salicylate  of  quinine  can 
be  given,  and  finally  quinine  in  an  effervescing 
alkaline  draught  be  substituted. 

Unfortunately  there  are  some  difficidt 
questions  that  must  be  faced  in  the  use  of  this 
method.  The  salicylates  have  been  widely 
looked  upon  as  depressant  to  the  heart,  and 
their  efficacy  in  rheumatic  carditis  doubted. 
Should  we,  then,  adopt  this  treatment  in 
preference  to  others,  when  there  is  pericarditis 
or  other  clear  indications  of  active  and  severe 
heart  disease"?  It  is,  indeed,  a  momentous 
question,  and  oije  which,  in  the  face  of  the 
antagonistic  views  of  physicians  of  wide  experi- 
ence, may  well  be  answered  with  hesitation. 

Further,  it  must  be  allowed  that  the  quality 
of  these  drugs  has  been  improved  of  recent 
years,  and  that,  as  Dr.  D.  B.  Lees  has  pointed 
out,  some  part  of  the  depressant  action  which 
has  been  ascribed  to  them  is  really  the  result 
of  the  rheumatic  poison  upon  the  heart  wall. 
But  until  more  convincing  evidence  has  been 
given  of  the  specific  action  of  these  drugs  in 
rheumatic  carditis,  it  is,  I  believe,  safer  not 
to  push  them  when  there  is  active  heart  disease. 


but  if  there  be  distress  from  a  coincident 
arthritis,  to  use  them  then  in  moderate  doses 
to  control  the  pain. 

Another  answer  to  the  objection  that  they 
are  depressant,  may  be  that  though  this  is 
true  of  their  action  upon  the  normal  heart, 
such  is  not  the  case  when  the  heart  is  affected 
by  rheumatic  fever,  because  their  action  is 
specific.  It  is  difficult  to  answer  this  con- 
tention, for  both  the  action  of  the  disease  and 
of  the  drugs — if  they  are  depressant — tend  to 
cause  cardiac  failure.  Those,  then,  who  favour 
their  use  are  apt  to  ascribe  acute  cardiac 
failure  to  the  disease,  those  who  hold  them  to 
be  depressant  will  attribute  it  to  the  drugs. 
It  appears  to  me  that  they  are  depressant  to 
the  heart  in  active  rheumatic  affections,  as 
they  are  to  the  healthy  heart,  and  that  their 
use  in  full  doses  in  acute  carditis  is  hazardous. 
Pallor  of  the  face,  dangerous  vomiting,  air 
hunger,  and  rapid  cardiac  failure  are  symptoms 
which,  if  they  develop  acutely  in  a  case  of 
rheumatic  carditis  treated  by  this  method, 
wovild  suggest  to  me  the  toxic  effects  of  the 
drug  rather  than  of  the  disease. 

Those  cases  in  which  there  is  obstinate 
relapsing  rheumatism  of  the  joints  are  often 
benefited  by  the  prolonged  use  of  moderate 
doses  of  salicylates. 

The  particular  preparation  that  will  be  given 
in  any  case  differs  with  the  practice  of  the 
individual  prescriber.  The  most  effectual, 
though  more  expensive  drug,  is  the  natural 
salt.  A  milder  preparation,  useful  for  delicate 
persons  and  children,  is  salicin,  but  a  good 
sample  of  salicylate  of  soda  will,  in  most  cases, 
answer  every  purpose,  and  the  taste  is  well 
covered  by  spirits  of  chloroform  and  tincture 
of  cardamoms.  There  are  exceptional  cases  in 
which  moderate  doses  will  cause  delirium, 
deafness,  and  vertigo.  A  comparatively  new 
preparation,  aqetyl-salicylic  acid,  or  aspirin,  has 
come  into  use,  and  is  claimed  to  stimulate  the 
heart  and  to  avoid  any  nervous  symptoms.  It 
has  yet  to  stand  the  test  of  experience.  The 
drug  may  be  prescribed  with  syrup  of  lemons 
in  doses  from  5  to  20  grains. 

Before  the  treatment  with  salicylates  was 
generally  adopted,  large  doses  of  alkalies  were 
believed  to  be  of  value,  and  this  method  of 
treatment  still  retains  to  some  extent  the 
confidence  of  the  profession.  If  they  are  not 
used  alone  they  are  often  combined  with  the 
salts  of  salicylic  acid.  The  citrates,  bicarbon- 
ates,  and  acetates  of  potash  are  the  most 
frequently  administered,  and  when  this  method 
is  pushed,  half  a  drachm  of  bicarbonate  of 
potash  and  the  same  of  the  citrate  are  given 
in  an  ounce  of  water,  every  four  hours,  until 
the  urine  is  alkaline.  When  this  has  been 
done,  the  urine  is  kept  slightly  alkaline  by 
gradually  diminishing  the  amount  of  these 
drugs,  and  the  treatment  is  persisted  in  until 
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the  symptoms  abate.  Later,  quinine  may  be 
added.  The  effect  of  this  treatment  must  be 
carefully  watched,  for  it  may  prove  too  depres- 
sant if  the  circulation  is  feeble,  and  with  some 
patients  these  large  doses  of  alkalies  cause 
severe  diarrhoea. 

The  view  that  rheumatic  fever  is  the  result 
of  an  infection  brings  into  prominence  the 
importance  of  the  constitutional  resistance. 
This  factor  is  a  very  important  one  in  this 
disease,  and  one  of  which  there  is  danger  of 
losing  sight,  if  exclusive  attention  is  directed 
to  the  effect  of  the  disease.  Energetic  and 
routine  treatment  by  powerful  drugs  may 
damage  this  resisting  power  of  the  individual 
more  than  they  influence  the  disease.  With 
opportunities  of  studying  different  methods  of 
treatment,  it  has  appeared  to  me  that  in  the 
dangerous  and  complicated  cases  of  visceral 
rheumatic  fever  the  best  results  are  obtained 
by  palliative  measures ;  rest,  careful  feeding 
and  nursing,  moderate  doses  of  salicylates  for 
pain  and  arthritis,  stimulants  for  cardiac 
failure,  small  doses  of  opium  for  cardiac  distress 
and  insomnia,  mild  tonics  for  convalescence — 
in  brief,  a  watchful  but  gentle  treatment. 
Under  such  measures  some  of  the  most 
desperate  cases  have  rallied,  and  fewer,  I 
believe,  have  gone  to  the  bad  with  the  sudden 
development  of  urgent  symptoms. 

Since  there  is  so  much  evidence  to  show  that 
the  tonsils  may  be  a  site  of  infection,  the  treat- 
ment of  the  throat  is  important,  and  will  be 
carried  out  oia  general  principles.  A  gargle 
containing  salicylate  of  soda  may  be  used,  or 
glycerine  of  carbolic  acid,  or  formalin,  and  some 
have  advocated  guaiacol  as  especially  valuable. 
In  spite  of  this  treatment  of  the  throat,  the 
diplococci  in  the  other  local  lesions  may  doubt- 
less multiply,  and  no  treatment  of  the  throat 
alone  can  suffice. 

Repeated  attacks  of  tonsillitis  may  result  in 
a  permanent  enlargement  for  which  tonsillotomy 
may  be  needed.  The  operation,  though  needful 
for  the  general  health,  will  not  prevent  further 
attacks  of  rheumatic  fever,  and  on  several 
occasions  to  my  knowledge  an  attack  has  rapidly 
followed  this  operation,  though  presumably 
these  were  coincidences. 

Otitis  media,  with  which  an  attack  of 
rheumatic  fever  may  sometimes  begin,  must 
be  treated  on  the  usual  lines. 

Treatment  of  Hyperpyrexia. — No  time  should 
be  lost  in  giving  antipyretic  drugs,  but  the 
patient  should  be  placed  in  a  bath  at  the 
temperature  of  65°  with  ice  applied  to  the 
head,  and  the  water  rapidly  cooled  by  adding 
blocks  of  ice.  If  the  temperature  of  the  patient 
is,  for  example,  107°,  when  it  has  dropped  to 
102°  he  should  be  taken  out,  rapidly  dried, 
and  wrapped  in  a  blanket.  As  a  rule  the 
temperature  will  continue  to  fall  for  a  while, 
but  should  it  rise  again  this  treatment  must 


be  repeated.  It  is  a  severe  remedy  for  a 
desperate  condition,  and  throughout  the  time 
of  immersion  the  patient  must  be  most  closely 
watched,  and  be  removed  if  there  are  signs  of 
collapse,  and  stimulants  freely  administered. 
If  the  temperature  should  fall  below  normal 
after  removal,  hot  bottles  must  be  placed  round 
outside  the  blanket,  and  stimulants  given.  Ice- 
packing  is  valuable  when  a  bath  cannot  be 
managed.  A  sheet  is  wrung  out  in  iced  water, 
the  patient  swathed  in  it,  and  then  rubbed 
with  blocks  of  ice.  The  effect  must  be  closely 
watched,  for  it  is  a  drastic  remedy. 

When  convalescence  has  been  established,  the 
question  arises  as  to  the  length  of  time  complete 
rest  should  be  insisted  upon.  Much  must 
depend  upon  the  condition  of  the  heart  and 
the  character  of  the  attack.  The  guiding  rule 
is  caution,  for  premature  exertion  appears  to 
be  especially  liable  to  cause  a  relapse.  On  the 
whole,  it  is  better  to  be  free  from  any  arbitrary 
time  limit,  for  this  introduces  the  danger  that 
when  this  time  is  past  the  patient  will  throw 
caution  to  the  winds.  If  the  pulse,  the 
temperature,  and  the  threatenings  of  active 
rheumatic  manifestations  are  taken  as  guides, 
the  return  to  an  active  life  can  be  gradually 
attained,  and  every  forward  step  carefully 
tested.  The  tedious  nature  of  the  illness  makes 
the  patient  chafe  at  the  enforced  rest,  and 
considerable  tact  in  the  graduation  of  the 
amount  of  physical  exertion  is  required  from 
the  medical  attendant. 

The  opposite  danger,  that  of  prolonging  too 
much  the  period  of  rest,  is  also  a  real  one.  An 
invalid  life  is  fostered,  and  on  the  young  to 
whom  movement  is  a  natural  tonic  needless 
confinement  is  positively  harmful. 

When  recovery  is  completed,  and  if  expense 
is  no  object,  it  is  well  for  the  patient  to  leave 
England  during  the  next  year  for  a  dry,  warm, 
and  equable  climate  during  the  autumn,  winter, 
and  early  spring ;  and  if  a  child,  great  care, 
especially  during  the  autumn,  will  be  necessary 
for  some  years  to  come.  Warm  clothing,  warm 
socks,  and  thick  boots  are  very  necessary  for 
rheumatic  subjects  in  cold  and  damp  weather, 
and  woollen  garments  should  be  worn  all  the 
year  round. 

There  remains  the  question  of  tonics.  Strong 
preparations  of  iron,  although  there  may  be 
considerable  ansemia,  are  not  well  borne.  Qui- 
nine and  arsenic  in  alkaline  solutions,  the  milder 
preparations  of  iron,  or  the  time-honoured  pre- 
scription of  ammonia  and  bark,  are  more  useful. 

An  Antitoxin  Treatment. — It  is  a  natural  hope 
that  in  future  some  antitoxin  may  be  found 
which  will  be  serviceable  in  treatment,  and 
already  antistreptococcic  sera  have  been  used. 
Unfortunately,  treatment  by  antitoxins,  except 
in  diphtheria,  have  not  yet  met  with  wide  success, 
and  rheumatic  fever  with  its  numeroi;s  local 
lesions  differs  widely  from  that  disease.  Further, 
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the  greatest  caution  will  be  needed  in  judging 
of  the  value  of  such  treatment,  for,  on  the  one 
hand,  rheumatic  fever  naturally  tends  to  re- 
covery, and,  on  the  other,  the  various  members 
of  the  great  group  of  micrococcal  infections  are 
not  yet  clearly  differentiated  from  one  another. 
But  it  would  be  unwise  to  prophesy  on  this 
matter. 

In  conclusion,  I  am  indebted  to  my  colleague. 
Dr.  A.  Paine,  Bacteriologist  to  St.  Mary's  Hos- 
pital, London,  for  permission  to  make  free  use  of 
our  joint  investigations  upon  which  the  details 
of  the  bacteriology  and  histology  in  this  article 
are  based,  and  which  have  enabled  me  to  treat 
confidently  of  rheumatic  fever  as  an  infective 
disease. 
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There  is  a  considerable  difference  in  the  mani- 
festations of  rheumatism  as  ordinarily  seen  in 
children  and  those  occurring  in  the  same  com- 
plaint in  adults.  In  both  there  is  the  same 
difficulty  in  defining  what  symptoms  may  or 
may  not  with  any  degree  of  precision  be  classi- 
fied as  rheumatic,  and  the  younger  the  patient 
the  more  this  difficulty  is  enhanced.  In  what 
is  known  as  acute  rheumatism,  or  rheumatic 
fever,  in  adults,  with  the  high  temperature,  the 
profuse,  sour-smelling  perspiration,  and  the 
swollen  and  acutely  painful  joints,  we  have  a 
complaint  with  well-defined  symptoms,  admit- 
ting of  but  little  doubt  in  their  interpretation  or 
diagnosis.  Such  a  combination  of  symptoms  is 
very  rarely  seen  in  young  children,  and  it  is  only 
towards  the  age  of  puberty  that  rheumatism 
in  them  takes  on  the  adult  type.  In  the  com- 
plaint, as  ordinarily  seen  in  children,  the  tem- 
perature seldom  rises  above  101°  unless  definite 
tonsillitis  or  pericarditis  be  present ;  the  skin, 


instead  of  moist,  is  usually  dry ;  pain  s  gener- 
ally much  slighter  than  in  adults,  and  if  there 
be  any  recognisable  arthritis,  it  is  slight  in 
degree,  and  very  rarely  accompanied  by  any 
redness  of  the  affected  joints.  Such  terms  as 
acute  and  subacute  have  but  little  significance 
or  propriety  when  applied  to  rheumatism  in 
childhood.  Distinguisliing  features  of  rheumat- 
ism in  children,  as  compared  with  the  disease  in 
adults,  are  usually  much  slighter  degrees  of 
arthritis,  the  greater  tendency  to  the  occurrence 
of  skin  eruptions  and  subcutaneous  fibrous 
nodules,  and  the  much  greater  frequency  of 
cardiac  complications,  and  this  last  in  spite  of 
the  often  seemingly  trivial  character  of  the  pre- 
ceding or  accompanying  symptoms.  There  is 
also  a  tendency  for  some  one  single  symptom  to 
assume  such  prominence  that  the  others  are  apt 
to  be  obscured.  Stress  must  be  laid  upon  the 
disconnected  and  apparently  trivial  outward 
phenomena  of  the  complaint,  as  a  correct 
diagnosis  is  all-important,  having  due  regard 
to  the  frequency  and  gravity  of  the  associated 
cardiac  complications. 

Pathology. — This  is  the  same,  undoubtedly, 
as  that  of  the  complaint  in  adults,  and  rests  on 
the  same  obscure  basis.  The  theory  that  the 
disease  is  due  to  lactic  acid  in  the  blood  has  little 
or  nothing  to  support  it.  The  malarial  origin 
of  rheumatism,  based  mainly  on  the  eff'ects  of 
the  salicylates  in  controlling  it,  can  hai'dly  now 
be  advanced  in  the  face  of  modern  discoveries 
regarding  malaria.  For  the  view,  once  widely 
held,  that  rheumatism  was  dependent  upon 
some  impression  on  the  nervous  system  there 
is  still  much  to  be  said,  although  the  arguments 
adduced  in  favour  of  it  never  advanced  beyond 
pure  hypotheses  and  suggestions.  At  present 
the  theory  that  rheumatism  is  of  bacterial 
origin  is  the  one  most  in  vogue,  and  various 
forms  of  micro-organisms,  chiefly  streptococci, 
have  been  isolated  from  the  blood  and  other 
constituents  of  the  body  from  sufferers  with  it, 
and  the  claim  is  put  forward  that  they  are  the 
cause  of  the  disease.  The  uniform  relation 
often  obtaining  between  the  development  of 
arthritis  and  crops  of  subcutaneous  nodules 
and  a  previous  sudden  rise  of  temperature  lend 
further  support  to  the  bacterial  theory.  Allow- 
ing all  this,  however,  and  acknowledging  the 
excellence  and  importance  of  the  recent  work 
of  Poynton  and  Paine,  it  cannot  be  claimed  that 
the  bacterial  origin  of  rheumatism  is  con- 
clusively proven.  Their  experiments  require 
repetition  and  confirmation  by  themselves  and 
others  before  being  accepted  as  definitely  con- 
clusive. Many  of  the  pathological  changes 
produced  in  the  endocardium  and  other 
structures  of  rabbits  through  the  agency  of 
the  special  diplococci,  which  they  regard  as 
one  of  the  existing  causes  of  rheumatism,  have 
been  asserted  by  equally  competent  observers 
to  occur  in  the  same  animals  by  means  of 
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several  other  micro-organisms.  Moreover,  it  is 
difficult  to  explain  the  sudden  onset  of  certain 
manifestations,  presumably  rheumatic  in  char- 
acter, that  come  on  in  persons  subject  to 
rheumatism,  either  directly  after,  or  indeed 
simultaneously  with,  the  exposure  to  cold  or 
damp,  on  the  assumption  that  the  complaint  is 
one  of  bacterial  origin.  Where  all  is  so  un- 
settled there  is  no  need  to  discuss  the  question 
at  any  length,  more  especially  as  it  is  treated 
of  elsewhere  in  this  volume  (p.  579  et  seq.). 

Etiology. — Inheritance  from  father  or  mother 
is  a  powerful  disposing  cause,  and  this  is  largely 
increased  when  both  parents  are  rheumatic. 
When  one  member  of  a  family,  too,  has  suffered 
from  rheumatism,  there  is  a  much  greater 
liability  for  the  brothers  and  sisters  to  incur 
the  complaint  than  the  members  of  other 
families,  even  when  there  is  no  parental  in- 
heritance. That  living  in  cold,  damp,  low-lying 
situations  predisposes  to  rheumatism  is  beyond 
question,  and  of  late  it  has  been  stated  that 
dry  hilly  places  exposed  to  bleak  winds  are 
equally  unfavourable  as  regards  the  complaint. 
Males  suffer  more  often  than  females  owing  to 
more  frequent  exposure  to  wet  and  damp,  but 
apart  from  this,  either  sex  under  the  age  of  ten 
is  equally  liable  to  the  complaint.  Between  the 
ages  of  ten  and  fifteen,  however,  there  is  a 
marked  preponderance  of  cases  amongst  girls, 
and  this  has  been  put  forward  as  some  explana- 
tion of  the  greater  prevalence  of  mitral  stenosis 
in  the  female  sex.  In  temperate  climates  the 
disease  is  most  prevalent  in  the  spring.  There 
is  some  evidence  for  believing  that  red-haired 
children  are  more  prone  to  rheumatism  than 
others.  A  very  powerful  factor  in  predisposing 
to  the  complaint  is  the  fact  of  having  suffered 
from  a  previous  attack,  there  being  no  doubt 
that  subsequent  attacks  are  incurred  with  much 
slighter  causes  than  those  tliat  occasioned  the 
primary  one.  Immediate  exciting  causes  are 
exposure  to  prolonged  damp  and  undue  physical 
fatigue,  a  combination  of  these  two,  indeed, 
accounting  for  considerably  more  than  half  the 
total  number  of  cases. 

Age.  —  Probably  no  age  is  exempt  from 
rheumatism.  Cases  with  unmistakable  out- 
ward signs  in  the  joints,  etc.,  are  exceedingly 
rare  under  the  age  of  two  years,  and  rare 
under  that  of  three  years.  After  the  latter 
age  attacks  occur  more  frequently  with  each 
year  of  life  up  to  the  age  of  ten  years. 
Possibly  more  attacks  occur  during  the  second 
decade  of  life  than  any  other,  and  it  is  un- 
common for  a  primary  attack  to  occur  after  the 
age  of  twenty.  Owing  to  the  slight  character 
of  the  symptoms  in  infancy  it  is  probable  that 
the  frequency  of  rheumatism  at  that  age  is 
underestimated,  and  it  is  not  uncommon  to  see 
little  children  with  cardiac  lesions  of  some 
standing,  presumably  rheumatic  in  origin,  but 
where  the  outward  symptoms  of  that  complaint 
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had  been  so  trivial  at  the  times  of  attack  as  to 
be  wholly  overlooked. 

Onset. — In  older  children  this  may  be  more 
or  less  sudden,  with  marked  pyrexia  and  acute 
pains  in  the  joints.  Such  an  onset  is  very 
seldom  present,  however,  in  the  younger  sub- 
jects. In  these  there  is  almost  invariably  a 
history  of  indefinite  pains  in  the  joints,  the 
knees  in  most  instances  at  the  start,  and  it  is 
only  after  these  pains  have  lasted  several 
days,  or  even  weeks,  that  an  increase  of  them, 
or  swelling  of  the  joints,  calls  attention  to  the 
true  nature  of  the  attack,  and  compels  the 
confinement  of  the  child  to  bed.  Rigors  and 
other  nervous  phenomena  that  occasionally 
usher  in  the  disease  in  adults  are  practically 
unknown  in  children  under  the  age  of  puberty. 

Symptoms.  —  The  isolated  character  of  the 
symptoms  in  the  majority  of  attacks  in  children, 
in  contrast  to  the  complex  grouping  of  them 
that  mark  the  more  definite  attacks  in  adults, 
justifies  the  plan  proposed  of  dealing  with  each 
of  them  in  detail.  It  is  only  in  children, 
perhaps,  that  a  confident  diagnosis  of  rheumat- 
ism can  be  made  from  the  presence  of  such 
isolated  symptoms. 

Pain. — This  is  almost  invariably  present,  at 
some  time  or  another,  in  every  attack.  In 
many  cases,  indeed,  it  is  the  only  symptom 
complained  of.  It  varies  much  in  intensity  and 
duration,  but  in  both  these  particulars  it  sel- 
dom reaches  the  same  height  in  children  as  in 
adults.  It  cannot  be  too  carefully  remembered 
that,  in  the  vast  majority  of  instances,  the  so- 
called  "  growing  pains "  of  children  are  rheu- 
matic in  nature.  It  is  far  from  uncommon  to 
find  advanced  endocarditis  in  children  in  whom 
the  only  symptom  of  rheumatism  has  been  these 
"growing  pains."  The  history  of  "growing 
pains,"  too,  often  settles  the  rheumatic  origin  of 
many  cases  of  chorea  in  the  absence  of  other 
symptoms.  When  pain  alone  is  complained  of, 
the  greatest  care  is  necessary  in  ascertaining 
that  it  is  limited  to  the  joints  before  deciding 
that  it  is  due  to  rheumatism,  as  in  many  febrile 
and  other  diseases  children  complain  of  vague 
pains  in  other  parts  of  the  limbs  than  the 
joints.  The  effects  of  passive  movement  may 
assist  in  this  inquiry,  but,  for  obvious  reasons, 
cannot  be  definitely  relied  upon.  When  arth- 
ritis is  present  the  pain  is  generally  greater, 
and,  indeed,  it  may  be  said  in  general  terms 
that  the  amount  and  duration  of  the  pain  is 
directly  propoi'tionate  to  the  extent  of  the 
arthritis.  In  some  cases  the  pain  is  not  limited 
to  the  swollen  joints,  but  extends  to  the  tendons 
of  the  muscles  entering  into  their  formation, 
and  very  exceptionally  it  can  be  unmistakably 
elicited  by  pressure  over  the  nerves  of  the  limbs 
away  from  the  neighbourhood  of  the  joints. 
Pain  in  the  pericardium  generally,  but  by  no 
means  invariably,  attends  the  onset  of  pericard- 
itis.    Prtecordial   pain,  too,  may  accompany 
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the  beginning  of  endocarditis,  but  more  usually 
this  occurs  without  any  such  accompaniment, 
and  if  any  sensation  be  complained  of  in  the 
region  of  the  heart  it  is  generally  one  of  vague 
uneasiness  rather  than  actual  pain.  Not  very 
unfrequently  pain  in  the  region  of  the  neck, 
causing  "stiff  neck,"  is  the  only  outward  sign 
of  rheumatism,  and  this  pain  may  occasion 
contracture  of  the  muscles  on  one  side  (rheu- 
matic torticollis).  As  many  other  complaints 
may  cause  "stiff  neck,"  or  torticollis,  these  last 
will  have  to  be  excluded  before  the  diagnosis  of 
rheumatism  is  entertained. 

Sweating. — The  profuse,  sour-smelling  per- 
spirations of  adult  acute  rheumatism  are  only 
occasionally  observed  in  children.  In  these 
last,  as  a  rule,  the  skin  is  dry  instead  of  being 
moist.  Any  sweating  that  occurs  is  usually  late 
in  the  complaint,  and  is  perhaps  due  to  the 
action  of  the  salicylates  rather  than  to  some 
intrinsic  character  of  the  disease.  In  the  inter- 
vals between  the  attacks,  however,  rheumatic 
children  are  very  prone  to  profuse  perspirations 
on  the  slightest  exertion. 

Arthritis. — As  a  rule,  this  is  less  severe  and 
more  transient  in  children  than  in  adults.  In 
both  there  is  the  same  tendency  to  symmetry, 
and  for  the  swelling  to  disappear  from  points 
earlier  attacked  to  involve  others.  The  knees, 
ankles,  and  wrists,  in  the  order  given,  are  the 
joints  most  often  attacked.  Not  very  unfre- 
quently the  metacarpal  phalangeal  joints  are 
involved  with  the  larger  ones,  and  much  less 
frequently  the  corresponding  joints  in  the  feet. 
Cases  in  which  the  smaller  joints  are  involved 
are  generally  severe.  The  swelling  of  the  joints 
concerned  is  seldom  of  any  great  extent,  and  it 
is  only  exceptionally  that  there  is  any  redness 
of  the  adjacent  skin.  The  amount  and  extent 
of  the  arthritis  is  a  m^easure  of  the  severity  of 
the  attack,  and  it  is  very  seldom  that  rheu- 
matism of  such  severity  as  to  cause  definite 
arthritis  is  not  attended  with  pronounced 
cardiac  lesions  in  children  under  seven  years 
old.  In  children  under  that  age,  too,  with  a 
history  of  past  arthritis,  there  is  strong  pre- 
sumptive evidence  that  the  joint  affection  was 
not  rheumatic  if  the  heart  be  free.  The  swell- 
ing seldom  remains  in  any  one  joint  for  many 
days,  but  accurate  knowledge  of  the  duration  is 
rendered  uncertain  by  the  efficacy  of  the 
salicylates  in  removing  the  external  signs  of  the 
complaint.  If  the  swelling  persist  in  spite  of 
treatment,  and  is  limited  to  one  or  perhaps  two 
of  the  larger  joints,  then  a  suspicion  of  gonor- 
rhoea should  always  arise,  as  cases  of  gonorrhceal 
arthritis  are  by  no  means  unknown  in  even 
little  boys  and  girls.  In  children  a  chronic 
synovitis  is  never  left  as  a  consequence  of  rheu- 
matism, and  contractures  and  other  deformities 
of  the  joints  are  perhaps  unknown.  Very 
occasionally  the  arthritis  is  confined  to  one 
joint,  usually  the  hip,  and  it  is  not  uncommon 


to  find  these  mon-articular  cases  mistaken  at 
first  for  tuberculous  disease  of  the  affected 
joint.  Some  degree  of  arthritis,  or  pains  in  the 
joints,  is  a  feature  of  the  complaint  in  by  far 
the  greater  number  of  cases.  The  interest  and 
importance  attaching  to  the  mon-articular  cases 
have,  perhaps,  led  to  an  exaggerated  estimate 
of  their  frequency  on  the  part  of  certain  writers. 
But  it  is  in  the  diminished  severity  of  the 
arthritis,  and  not  mainly  in  its  diminished  fre- 
quency, that  one  of  the  chief  distinctions  be- 
tween the  rheumatism  of  childhood  and  that  of 
adult  age  lies. 

Pyrexia. — This  plays  a  much  less  conspicuous 
part  in  the  rheumatism  of  children  than  in  that 
of  adults.  In  contrast  with  what  occurs  in 
other  complaints,  in  rheumatism  the  j^ounger 
the  child  the  less  the  tendency  for  the  temper- 
ature to  be  raised.  In  slighter  cases,  marked 
by  joint  pain  only  with  no  accompanying  arthri- 
tis, the  temperature  may  not  be  raised  at  all, 
and  this  in  many  instances  where  the  effects 
upon  the  heart  are  disastrous  in  the  extreme. 
On  the  contrary,  again,  fever  is  never  the  sole 
manifestation  of  rheumatism  in  children,  any 
increase  of  temperature  being  invariably  accom- 
panied by  pain  or  some  other  more  definite  sign 
of  the  complaint.  In  ordinary  cases,  with  an 
average  amount  of  arthritis,  the  temperature 
seldom  ranges  above  100°  or  101°  Fahr.,  im- 
less  pericarditis  or  severe  tonsillitis  be  present. 
With  the  onset  of  pericarditis  the  temperature 
may  rise  as  high  as  105°  or  106°,  and  even 
higher  still  in  cases  where  there  is  a  combination 
of  chorea  with  active  rheumatism,  manifested 
by  such  symptoms  as  pain  and  swelling  of  the 
joints.  In  cases  such  as  the  last  pericarditis 
is  almost  invariably  present  as  well.  It  is  only 
in  cases  where  pericarditis  is  present  that  we 
have  in  children  any  equivalent  of  the  so-called 
"  cerebral  rheumatism "  of  adults,  where  the 
life  of  the  patient  is  endangered  from  the 
pyrexia  itself,  independently  of  any  other  con- 
ditions. Much  stress  has  been  laid  by  some 
writers  on  the  pyrexia  consequent  on  endo- 
carditis, but  it  can  be  safely  said  that  any 
persistent  temperature  directly  due  to  endo- 
carditis is  practically  unknown  with  rheumatism 
in  children.  Any  pyrexia  that  occurs  is  almost 
certainly  due  to  the  rheumatic  symptoms  that 
initiate  the  attack,  and  independent,  probably, 
of  any  endocarditis  that  may  ensue.  Cases  of 
endocarditis  with  persistent  heightened  tempera- 
ture, where  other  sources  of  pyrexia  can  be 
excluded,  should  raise  the  same  suspicion  of 
malignancy  in  children  as  in  adults,  as  although 
ulcerative  endocarditis  is  rare  in  children,  it  is 
certainly  far  from  unknown.  An  interesting 
phase  of  rheumatic  pyrexia  is  afforded  by  cases 
where,  after  generally  a  sharp  initial  attack  of 
fever,  the  temperature  is  persistently  raised  at 
some  period  of  the  day  for  many  months,  or 
even  perhaps  years.    In  such  cases  the  tern- 
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perature  may  daily  reach  104°  Fahr.,  but  be- 
yond causing  occasional  feelings  of  discomfort 
when  high,  the  continued  pyrexia  seems  in  no 
way  detrimental  to  the  child.  The  only  ex- 
planation of  such  a  pyrexia  would  seem  to  be 
that  here  the  rheumatic  poison,  whatever  it 
may  be,  has  made  a  profound  impression  upon 
the  cerebral  centres,  and  the  delicate  heat- 
regulating  machinery  has  been  thrown  out  of 
gear.  Treatment  has  little  or  no  effect  upon 
the  disorder,  and  time  alone  brings  about  the 
restoration  of  the  calorific  balance. 

Tonsillitis  is  a  very  frequent  symptom  of 
rheumatism  in  children,  especially  at  the  onset 
of  an  attack.  The  frequency  with  which  it 
occurs  before  any  other  symptom  has  led  to  the 
suggestion  from  the  upholders  of  the  microbic 
origin  of  the  complaint,  that  the  tonsils  are 
often  possibly  the  points  of  entrance  of  the 
poison  into  the  system.  The  tonsillitis  is 
seldom  of  any  great  severity,  and  a  suppura- 
tive rheumatic  tonsillitis  is  exceedingly  rare  in 
children.  The  temperature  bears  some  relation 
to  the  degree  of  tonsillitis,  being  generally 
higher  the  more  the  latter  is  marked.  In  very 
exceptional  instances  cases  of  endocarditis  have 
been  noted  where  the  only  evidence  of  rheumat- 
ism has  been  tonsillitis.  This  should  lead  to 
a  careful  and  repeated  examination  of  the  heart 
in  all  cases  of  tonsillitis  of  uncertain  origin. 
There  is  nothing  distinctive,  however,  in  the 
outward  appearances  of  rheumatic  tciisillitis, 
and  a  case  can  only  be  pronounced  rheumatic 
with  any  precision  when  other  evidences  of 
rheumatism  are  present.  Besides  ushering  in 
acute  attacks,  tonsillitis  often  occurs  in  rheu- 
matic children  in  the  intervals  between  them. 
Such  tonsillitis  is  often  accompanied  by  slight 
anaemia  and  sweating  on  the  slightest  exertion. 
Such  symptoms  should  be  regarded  as  danger 
signals,  and  lead  to  a  strict  supervision  of  the 
child.  It  may  well  be,  too,  that  repeated 
tonsillitis  is  evidence  of  the  rheumatic  diathesis, 
where  there  has  been  a  total  absence  of  the 
more  definite  signs  of  the  complaint. 

Pneumonia. — This  is  so  infrequent  in  associa- 
tion with  recent  and  active  signs  of  rheumatism 
in  children,  as  to  render  it  doubtful  if  its 
occurrence  has  any  direct  causal  relation  with 
the  rheumatic  process.  In  the  later  stages  of 
heart  disease,  however,  it  is  not  uncommon  to 
find  signs  of  consolidation,  along  with  pleurisy, 
at  the  left  base  of  the  hmg.  The  symptoms 
and  course  of  such  consolidations  are  generally 
different  from  those  of  a  typical  pneumonia, 
and  are  usually  preceded  by  the  signs  of  pul- 
monary congestion  and  oedema  in  the  affected 
lung. 

Pleurisy.  —  In  contra  -  distinction  to  pneu- 
monia, pleurisy  is  very  common  in  the  rheumat- 
ism of  children,  and  may  be  the  only  evidence 
of  the  complaint.  In  exceptional  instances  it 
is  the  result  of  the  direct  extension  of  inflam- 
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mation  from  the  pericardium.  The  usual  signs 
of  it  are  pain  over  the  lower  ribs,  and  not 
unfrequently  a  pleural  rub  can  be  heard  on 
ausculation.  When  directly  due  to  the  rheu- 
matic process  it  is  generally  of  the  dry  and 
plastic  variety,  and  is  very  seldom  accompanied 
by  any  noticeable  amount  of  fluid  in  the  pleural 
sac.  Where  it  occurs,  however,  in  the  later 
stages  of  heart  disease,  along  with  consolidation 
of  the  lung,  the  amount  of  fluid  poured  out 
into  the  pleura  may  be  considerable,  and 
aspiration  is  often  necessary  to  relieve  the 
enfeebled  and  failing  heart.  An  overwhelming 
proportion  of  such  cases  occur  on  the  left  side, 
but  a  satisfactory  reason  for  this  is  still  to  be 
found. 

Peritonitis. — It  cannot  be  claimed  that  the 
connection  between  rheumatism  and  any  form 
of  peritonitis  has  been  established  with  any 
exactitude.  Any  case  where  fibrous  nodules 
have  been  discovered  in  the  peritoneum,  as 
with  the  pleura  and  pericardium,  has  yet  to  be 
noted.  At  the  present  day  there  is  a  tendency, 
perhaps  a  growing  one,  on  the  part  of  certain 
authorities  to  ascribe  some  cases  of  appendicitis 
to  a  rheumatic  origin.  But  for  appendicitis  to 
develop  in  the  course  of  acute  rheumatism,  or 
for  rheumatic  symptoms  to  develop  during  an 
attack  of  appendicitis,  must  be  events  of  ex- 
treme rarity,  and  such  cases  are  certainly  not 
greater  in  number  than  mere  coincidence  could 
account  for.  The  only  evidence  usually  forth- 
coming for  associating  such  cases  of  appendicitis 
with  a  rheumatic  origin  is  the  effect  produced 
by  salicylates  upon  the  course  of  the  abdominal 
complaint.  These  effects  are  mainly  shown  in 
the  reduction  of  temperature,  and  not  in  the 
direction  of  any  curtailing  the  course  of  the 
disease.  But  salicylates  influence  the  tempera- 
ture in  many  diseases  apart  from  those  of  rheu- 
matic origin,  and  until  further  evidence  is 
adducible  beyond  that  furnished  by  their  ad- 
ministration, the  connection  between  appendi- 
citis and  rheumatism  must  be  held  to  exist  on 
an  extremely  feeble  basis. 

Nervous  Affections. — So-called  "  cerebral  rheu- 
matism "  or  "  rheumatic  hyperpyrexia "  is 
almost  unknown  in  children,  and  the  reality  of 
a  rheumatic  meningitis,  on  which  the  hyper- 
pyrexia was  formerly  supposed  to  depend,  has 
yet  to  be  proven  by  the  publication  of  a  single 
authentic  case.  Rheumatic  children  are  very 
subject  to  headaches.  These  are  often  asso- 
ciated with  anjemia,  but  in  some  cases  Dr.  Still 
thinks  the  headaches  have  a  more  direct  relation 
to  the  rheumatic  poison.  Goodhart,  Graham 
Little,  and  several  other  authorities  find  a 
strong  connection  between  night-terrors  and 
rheumatism,  and  Dr.  Still  not  only  agrees  with 
this,  but  thinks  day-terrors,  somnambulism, 
somniloquence,  habit-spasm,  and  lienteric  diar- 
rhoea, are  often  associated  with  the  same  com- 
plaint.   All  these  last  disorders  have  probably 
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no  direct  causal  origin  in  the  rheumatic  poison, 
as  cases  of  any  one  of  them  occurring  along 
with  active  rheumatic  symptoms  are  events  of 
exceptional  rarity.  An  explanation  of  the 
association  of  such  nervous  disorders  and  rheu- 
matism is  rather  to  be  found  in  the  "  nervous  " 
temperament,  which  is  one  of  the  most  striking 
features  in  rheumatic  children.  As  Dr.  Still 
writes,  "The  nervous  child  is  par  excellence 
the  nervous  child."  This  is  shown  in  some 
instances  by  an  almost  uncontrollable  excite- 
ment over  games  and  amusements,  in  some  by 
excessive  timidity,  and  in  others  by  a  sensitive- 
ness or  shyness  which  is  almost  morbid.  One 
nervous  disorder  directly  due  to  active  rheu- 
matism is  peripheral  neuritis,  as  evidenced  by 
pain  in  the  course  of  the  nerves  and  subsequent 
wasting  of  the  connected  muscles.  This  is  not 
so  very  uncommon,  and  would  perhaps  be  more 
often  found  if  systematically  looked  for. 

Ancemia. — A  profound  degree  of  aneemia  is 
very  rapidly  attained  in  the  severe  rheumatic 
attacks,  and  this  may  be  very  slowly  recovered 
from.  Along  with  the  ansemia  there  is  often 
considerable  leucocytosis  in  the  blood.  In  the 
intervals  between  more  definite  seizures,  rheu- 
matic children  are  prone  to  attacks  of  ansemia 
without  any  ascertainable  cause.  Chronic 
anaemia  in  rheumatic  children  is  perhaps  more 
directly  ascribable  to  the  frequently  associated 
heart  disease,  but  it  becomes  intensified  with 
the  onset  of  fresh  symptoms  of  the  complaint. 

Wasting. — In  the  course  of  an  attack  of  rheu- 
matism there  is  often  a  rapid  and  marked  loss 
of  flesh,  much  greater  than  the  pyrexia  and 
duration  of  the  illness  would  account  for.  It 
is  true,  too,  perhaps,  that  thin  children  are 
more  subject  to  rheumatism  than  those  who  are 
plump. 

Subcutaneous  Nodules. — Where  so  many  of 
the  other  symptoms  are  inconspicuous  and 
short-lived,  too  much  importance  cannot  be 
placed  upon  the  presence  of  subcutaneous  fibrous 
nodules.  In  their  typical  forms  and  situations 
they  are  absolutely  diagnostic  of  rheumatism, 
although  it  is  quite  possible  that  subcutaneous 
nodules  may  occur  in  syphilis,  rheumatoid 
arthritis,  and  perhaps  other  complaints.  Rheu- 
matic fibrous  nodules  are  small  exci-escences 
under  the  skin,  varying  in  size  from  that  of 
a  pin's-head  to  that  of  about  half  a  hazel-nut. 
They  may  be  solitary  or  numerous,  but  most 
often  occur  in  crops,  with  a  tendency  to  sym- 
metry in  their  distribution.  Very  frequently 
their  eruption  is  preceded  by  a  rise  of  tempera- 
ture three  or  four  days  beforehand.  They  are 
strictly  subcutaneous,  and  the  overlying  skin  is 
freely  movable  over  them.  As  a  rule  they  are 
movable  over  the  imderlying  structures,  but  in 
places  where  the  skin  is  closely  adjacent  to  bone, 
as  on  the  scalp  and  the  neighbourhood  of  the 
patella,  it  may  be  difficult  or  impossible  to 
separate  the  nodules  from  the  adjoining  bone. 


When  very  small,  they  can  often  be  seen  better 
than  felt,  by  putting  the  overlying  structures 
on  the  stretch.    Their  far  most  frequent  situa- 
tion is  the  back  of  the  elbow  joint.    Very  often 
it  is  the  only  one  in  which  they  are  to  be  found, 
and  cases  in  which  they  occur  in  other  places 
without  the  neighbourhood  of  the  elbow  joint 
being  affected  must  be  exceptional  in  the  ex- 
treme.   For  their  detection,  then,  in  the  vast 
majority  of  instances,  it  is  sufficient  to  flex  the 
elbow  joint  and  carefully  examine  the  structures 
on  the  posterior  surface.    Subcutaneous  fibrous 
nodules  occur  in  many  other  regions  than  the 
neighbourhood  of  the  elbow  joint.    They  are 
not  infrequent  about  the  patella,  the  iliac  crests, 
the  pericranium,  the  spine  and  margins  of  the 
scapula,  the  skin  over  the  spinous  processes  of 
the  vertebrae,  over  the  bony  prominences  of  the 
hands  and  feet,  and  elsewhere.    Besides  these 
nodules  in  the  subcutaneous  tissues,  nodular 
thickenings,  homologous  in  nature  with  the 
last,  are  apt  to  occur  in  the  tendons  of  the 
muscles,  more  especially  in  the  flexor  tendons 
of  the  wrists,  the  tendons  about  the  malleoli  of 
the  feet,  and  the  flexor  and  extensor  tendons  of 
the  fingers  and  toes.    Occasionally  they  are 
found  in  the  tendinous  expansions  of  the  ab- 
dominal muscles.    They  are  painless  in  them- 
selves, but  are  sometimes  tender  to  pressure. 
Their   presence   in   the   scalp  is  often  only 
detected  by  the  comb  catching  on  them  when 
the  hair  is  being  dressed.    Some  vanish  in  the 
course  of  a  few  days,  others  persist  for  months, 
or  even  more  than  a  year.    Persistent  nodules 
are  often,  or  generally,  accompanied  by  pro- 
gressive   endocarditis.      Numerous  nodules, 
and  still  more  so  nodules  of  large  size,  are 
omens  of  bad  prognosis,  and  this  out  of  all 
proportion  to  the   extent  any  accompanying 
endocarditis  may  have  attained.  Subcutaneous 
fibrous  nodules  are  invariably  associated  with 
cardiac  disease,  cases  where  they  have  been 
noted  and  there  has  been   no  demonstrable 
cardiac  lesion  being  so  exceedingly  exceptional 
that  they  may  be  left  out  of  account  in  dealing 
with    the    connection   between   nodules  and 
moi-bus  cardis.    In  cases  where  the  heart  has 
been   healthy,   the    advent   of  subcutaneous 
nodules  is  almost  invariably  attended  by  the 
signs  of   recent  endocarditis  or   pericarditis ; 
and  in  cases  where  the  heart  is  already  affected, 
the  onset  of  nodules  is  often  accompanied  by 
fresh  additions  to  the  heart  symptoms,  or  an 
aggravation  of  those  already  existing.  Con- 
siderations such  as  these  lend  strong  support 
to   the   contention   of    Barlow   and  Warner 
that  bodies  analogous  to  the  fibrous  nodules 
in  the  subcutaneous  tissues  form  the  basis  of 
the   vegetations    in   the    cardiac    valves  in 
rheumatic  morbus   cardis.      Further  support 
of  this  view  is  afforded  by  the  fact  that  bodies 
histologically  identical  with  subcutaneous  fibrous 
nodules  have  occasionally  been  discovered  post- 
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mortem  iu  the  cardiac  valves.  Not  very 
infrequently  fibrous  nodules  have  been  dis- 
covered in  the  thickened  pericardium  when  the 
patient  has  suffered  from  rheumatic  pericarditis 
during  life.  Much  less  frequently  they  have 
been  found  in  the  pleura  and  the  fringes  of  the 
joints  in  cases  of  rheumatic  pleurisy  or  arthritis. 

Histologically  these  subcutaneous  nodules 
are  found  to  consist  of  fibrous  tissue  with  some 
round  or  spindle-shaped  cells,  dilated  blood- 
vessels, and  a  nearly  homologous,  more  or  less 
tibrillated  "  ground  substance."  This  homo- 
geneous substance  has  been  shown  to  be  a 
fibrinous  exudation.  These  fibrous  nodules 
are  then,  probably,  the  result  of  a  local  rheu- 
matic inflammation.  The  invariable  occurrence 
of  other  inflammatory  manifestations  simul- 
taneously with  that  of  subcutaneous  nodules 
suggests  that  similar  foci  of  inflammation  to 
those  occurring  in  the  subcutaneous  tissues 
may  occur  in  the  joints,  the  endocardium, 
pericardium,  and  the  pleurse.  In  these  last 
situations  the  foci  of  irritation  not  only  lead 
to  the  special  form  of  inflammation  attended 
by  nodule  formation,  but  to  the  ordinary  forms 
of  inflammation  attended  by  serous  effusion. 
Thus  rheumatic  arthritis,  pleurisy,  endocarditis, 
and  pericarditis  may  originate  in  the  same 
process  that  leads  to  the  formation  of  sub- 
cutaneous fibrous  nodules.  It  is  their  envanes- 
cent  nature,  probably,  that  prevents  the  more 
frequent  discovery  of  these  fibrous  nodules 
post-mortem,  not  only  in  the  subcutaneous 
tissues,  but  in  other  parts  of  the  body. 

As  a  rule  the  nodules  disappear  by  a  pro- 
cess of  gradual  resolution,  getting  smaller  and 
smaller  before  their  final  disappearance.  In 
exceptional  instances  this  process  is  much 
hastened,  and  nodules  of  considerable  size  may 
disappear  entirely  in  the  course  of  a  few  days. 
As  in  the  subcutaneous  tissue,  the  nodules  in 
the  cardiac  valves  may  disappear,  and  thus  a 
cure  be  wrought  occasionally  in  cases  of  organic 
cardiac  disease.  The  hope  afforded  of  siich  a 
chance  is  but  a  slender  one.  The  shrinking 
and  puckering  of  the  delicate  valvular  structures 
secondarily  to  the  inflammation  attending  the 
nodular  eruption  generally  remains,  however 
completely  the  nodules  themselves  may  have 
resolved.  Sometimes,  instead  of  undergoing 
resolution,  the  nodules  apparently  become 
converted  into  fatty  tissue.  Over  the  point 
of  the  elbow  it  is  not  very  uncommon  for 
nodules  to  be  succeeded  by  soft  masses,  like  a 
small  collection  of  fat,  which  persist  long  after 
the  nodules  elsewhere  have  disappeared.  These 
apparently  fatty  tumours  are  generally  about 
the  size  of  a  half  hazel-nut,  and  the  slsin  over 
them  is  often  the  site  of  an  erythematous  blush. 
Whether  these  soft  masses  are  really  fatty  in 
character  is  as  yet  a  matter  of  doubt,  and 
hitherto  their  presence  would  seem  to  have 
escaped  the  notice  of  observers. 


Occasionally  the  inflammatory  process  giving 
rise  to  subcutaneous  nodules  extends  to  adjacent 
periosteal  structures,  and  periosteal  nodes 
develop  on  the  underlying  bones.  These 
rheumatic  nodes  have  hitherto  been  only 
noticed  when  nodules  are  present,  and  generally 
the  bony  swelling  is  surmounted  at  first  by 
one  or  more  subcutaneous  nodules.  They 
usually  persist  much  longer  than  the  sub- 
cutaneous nodules,  but  have  a  tendency  to 
gradually  disappear  in  the  course  of  time. 
The  commonest  site  for  such  nodes  is  the 
subcutaneous  surface  of  the  ulna,  and  the 
nodes  here  generally  have  their  long  diameter 
in  the  direction  of  that  of  the  limb.  Still 
larger  nodes,  up  to  the  size  of  half  a  walnut, 
may  appear  upon  the  skull,  where  the  overlying 
scalp  has  been  the  site  of  subcutaneous  nodules  ; 
less  frequently  than  on  the  ulna  and  the 
scalp,  rheumatic  nodes  develop  on  the  surface 
and  edges  of  the  patella.  They  have  been 
noticed,  too,  on  the  subcutaneous  surface  of 
the  tibia,  but  are  probably  much  rarer  here 
than  in  the  other  mentioned  places,  from  the 
fact  that  subcutaneous  nodules  very  seldom 
occur  over  the  surface  of  the  tibiae.  It  is 
quite  conceivable,  too,  that  rheumatic  periostitis 
may  occasionally  arise,  in  places  not  amenable 
to  inspection,  from  a  primary  form  of  inflam- 
mation in  the  periosteum  itself,  independently 
of  any  direct  extension  of  inflammatioti  from 
adjacent  subcutaneous  tissues.  It  is  not  very 
uncommon  in  cases  where  fibrous  nodules  are 
present,  especially  nodular  thickenings  in  the 
tendons,  for  ganglia  to  develop  about  the 
wrists.  Such  ganglia  are  doubtlessly  due  to 
an  inflammation  of  the  sheaths  of  the  ten- 
dons. Very  occasionally  several  nodules  become 
welded  together  by  inflammatory  exudation,  and 
move  together  as  one  mass  under  the  adjacent 
skin. 

Fibrous  nodules  are  undoubtedly  most  com- 
mon in  cases  where  arthritis  and  other  of  the 
more  definite  signs  of  rheumatism  have  been 
present.  They  have  occasionally  been  found  in 
cases  of  chorea  and  stiff  neck,  and  certain  skin 
eruptions  where  careful  inquiry  has  totally  failed 
to  elicit  any  history  of  previous  joint  affection. 
Such  cases  are,  however,  exceedingly  rare,  and 
their  number  has  perhaps  been  over-estimated 
by  too  enthusiastic  contenders  for  the  pan- 
rheumatic  origin  of  chorea. 

There  is  no  single  phase  of  rheumatism  in 
children  in  which  subcutaneous  fibrous  nodules 
have  not  occasionally  been  found.  They  are  far 
most  frequent  in  cases  where  definite  arthritis 
is  present,  and  Dr.  Still  found  nodules  in  nearly 
50  per  cent  of  cases  of  articular  rheumatism  in 
children.  They  are  next  most  frequent,  perhaps, 
in  cases  where  joint  pains  have  been  a  prominent 
feature,  but  where  the  joint  affection  has  not 
been  of  sufficient  severity  to  lead  to  articular 
swelling  or  redness.    In  all  cases  of  unmistak- 
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able  rheumatism  in  children,  nodules  will  be 
found  in  the  early  stages  of  the  attacks  in  from 
20  to  30  per  cent  of  cases  if  systematically 
looked  for. 

Skin  Affectio7is.  —  These  are  comparatively 
rare,  but  are  relatively  much  more  frequent 
with  rheumatism  in  children  than  in  adults. 
Sudamina  and  miliaria  have  no  direct  association 
with  rheumatism,  and  are  perhaps  less  seldom 
seen  in  that  complaint  than  in  others  where 
there  has  been  pyrexia.  The  eruptions  most 
commonly  seen  are  various  forms  of  erythema, 
and  these  may  appear  simultaneously  with  other 
rheumatic  manifestations,  or  independently  of 
them.  Sometimes  the  erythema  takes  the  form 
of  small  papular  spots,  widely  scattered  over  the 
face  and  body  generally.  More  commonly  it 
appears  as  erythema  marginatum,  or  erythema 
circinatum,  and  is  most  marked  in  the  neigh- 
bourhood of  the  joints.  The  various  forms  of 
erythema  are  most  frequent  when  nodules  are 
present,  and,  like  the  last,  perhaps  afford  some 
test  of  the  intensity  of  the  rheumatic  affection. 
Erythema  nodosum,  although  it  appears  inde- 
pendently of  rheumatism,  and  runs  a  definite 
pyrexial  course,  is  certainly  more  common  in 
rheumatic  children  than  in  others.  It  is  signifi- 
cant, moreover,  of  the  connection  between  the 
two  complaints  that  endocarditis  occasionally 
ensues  in  cases  of  erythema  nodosum  where  no 
other  evidence  of  rheumatism  can  be  elicited. 
Purpura  rheumatica  stands  in  the  same  relation 
to  rheumatism  as  erythema  nodosum,  in  that  it 
runs  a  fairly  definite  course,  is  more  common  in 
rheumatic  sufferers  than  in  others,  and  is  occa- 
sionally associated  with  endocarditis.  Apart 
from  purpura  rheumatica  other  forms  of  pur- 
pui-a  occur  in  rheumatism.  Thus  purpura  may 
follow  on  intense  erythema,  or  it  may  be  primary 
in  its  manifestation,  of  rapid  development,  and 
attended  by  hsematuria.  Not  very  uncommonly 
a  red  rash,  simulating  the  early  stage  of  the 
scarlet  fever  exanthem,  occurs  in  the  febrile 
state  of  rheumatism,  and  may  lead  to  some 
difticulty  in  diagnosis. 

Endocarditis.  —  This  is  the  most  important 
feature  of  rheumatism,  and  the  frequency  with 
which  it  occurs  is  one  of  the  most  striking  char- 
acteristics of  the  complaint  in  children.  Donkin, 
in  70  cases  of  rheumatism,  in  children  aged  to 
fourteen,  found  heart  disease  in  87  per  cent,  and 
Church  found  cardiac  affections  in  83  per  cent 
in  childi'cn  under  the  age  of  ten.  According  to 
Dawson  Williams,  the  heart  is  affected  in  three- 
fourths  of  all  the  cases  of  acute  rheumatism 
under  the  age  of  fifteen.  The  younger  the 
patient  and  the  more  definite  the  signs  of  rheu- 
matism, the  greater  the  tendency  for  the  heart 
to  suffer.  In  children  under  the  age  of  seven, 
with  rheumatism  of  such  severity  as  to  cause 
any  definite  arthritis,  it  is  a  rare  exception  for 
the  heart  to  escape.  The  presence  of  nodules, 
too,  few  or  many,  almost  infallibly  points  to 


heart  implication.  The  valve  most  frequently 
affected  is  the  mitral,  the  aortic  suffering  much 
less  frequently,  and  generally  at  a  later  stage 
than  the  mitral.  Endocarditis  may  be  associated 
with  a  slight  rise  of  temperature  remaining  up 
after  the  disappearance  of  the  outward  rheu- 
matic symptoms.  Usually,  however,  it  gives 
rise  to  no  pyrexia,  and  is  only  revealed  by 
physical  examination,  a  procedure  that  should 
never  be  neglected  where  rheumatism  is  even 
suspected  in  a  child.  A  confident  opinion,  too, 
should  not  be  expressed  as  to  the  freedom  of 
the  heart  until  a  period  of  six  months,  or  even 
a  year,  has  elapsed  after  a  severe  attack  of  rheu- 
matism, as  the  evidences  of  endocarditis  may  be 
very  insidious  and  long  in  developing.  The 
earliest  indication  of  endocarditis  is  usually  a 
blurring  or  prolongation  of  the  first  sound  at 
the  apex,  and  an  accentuation  of  the  second 
sound  at  the  base.  The  blurring  of  the  first 
sound  frequently  clears  up  under  strict  rest  in 
bed,  but  in  other  cases  is  replaced  by  a  definite 
systolic  murmur.  In  heart  cases  of  some  stand- 
ing, and  usually  where  there  has  been  more  than 
one  attack  of  rheumatism,  it  is  not  uncommon 
to  find  the  systolic  bruit  at  the  apex  preceded 
by  a  prsesystolic  and  diastolic  one.  It  is  very 
uncommon,  however,  to  find  the  long  "  purring  " 
prsesystolic  murmur  of  adults  in  children  under 
the  age  of  puberty,  this,  perhaps,  being  due  to 
the  fact  that  the  heart  condition  associated  with 
it  takes  several  years  to  develop. 

Pericarditis. — This  is  less  frequent  than  endo- 
carditis, and  indeed  is  usually  accompanied  by 
the  latter.  Pericarditis  may,  however,  occur 
with  positively  no  present  or  future  evidence 
forthcoming  of  endocarditis.  It  usually  occvirs 
with  the  more  definite  signs  of  rheumatism, 
such  as  arthritis,  and  subcutaneous  nodules  are 
present  in  a  large  proportion  of  cases.  In  rare 
instances  pericarditis  is  found  where  the  other 
evidences  of  rheumatism  have  been  so  slight  and 
evanescent  as  to  escape  notice.  Such  cases  are 
extremely  exceptional,  and  the  number  of  them 
has  been  exaggerated  by  some  writers,  who 
have  also  strained  the  analogy  between  the 
pericardium  and  a  joint  in  attempted  explana- 
tions of  them.  The  pyrexia  is  generally  greater 
with  pericarditis  than  with  any  other  phase  of 
rheumatism  in  children,  and  the  temperature 
frequently  ranges  from  104°  to  106°,  or  even 
higher.  Pericarditis  is  usually  present,  too,  in 
the  unusual  occurrence  of  death  ensuing  directly 
from  the  rheumatic  attack.  In  all  cases  of 
pyrexia  in  children,  with  no  direct  obvious 
cause,  the  suspicion  of  pericarditis  should  be 
entertained,  as  the  symptoms  of  pericarditis 
may  precede  or  obscure  all  other  manifestations 
of  rheumatism.  Rheumatic  pericarditis  very 
seldom  leads  to  any  great  effusion  into  the  sac. 
Cases  of  apparently  great  distension  of  the 
pericardium  with  effusion  are  generally  ones 
of  thickened  membrane  with  dilated  and  hyper- 
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trophied  hearts,  and  the  criteria  between  the 
two  conditions,  such  as  the  position  of  the  apex 
beat  and  dulness  to  the  right  of  the  sternum 
in  the  fourth  rib  interspace,  are  unrehable  when 
applied  to  actual  practice. 

Affections  of  the  Cardiac  Muscle. — In  endo- 
carditis and  pericarditis  the  inflammation  may 
spread  to  the  contiguous  layers  of  the  cardiac 
substance  by  direct  extension.  In  the  slighter 
degrees  of  inflammation  of  the  cardiac  muscle 
resulting  in  this  way,  there  are  probably  no 
physical  signs  traceable  to  it  beyond  those  of 
the  endocarditis  or  pericarditis  responsible  for 
it.  Lees  and  Poynton  have,  however,  shown 
by  post-mortem  evidence  that  a  general  and 
intense  myositis  may  arise  in  the  early  and 
acute  stages  of  rheumatism.  Sturges,  too, 
believed  that  a  rheumatic  carditis  was  a  fre- 
quent occurrence  in  children,  in  cases  where 
only  the  usual  signs  of  endocarditis  or  peri- 
carditis were  present.  A  grave  affection  of  the 
cardiac  muscle  should  be  suspected  in  the  active 
stage  of  rheumatism  when  there  is  marked 
dyspnoea,  a  diffused  and  feeble  apex  beat,  along 
with  a  frequent,  feeble,  and  intermittent  pulse, 
and  there  is  no  well-established  valvular  disease 
to  otherwise  account  for  such  symptoms.  In 
an  exceedingly  able  article  (Allchin's  Manual 
of  Medicine,  vol.  i.)  Lees  states  that  acute 
dilatation  of  the  left  ventricle  is  almost  invari- 
able in  the  rheumatism  of  children,  the  more 
marked  cases  being  due  to  a  definite  myositis, 
and  the  slighter  degrees  of  dilatation  to  a  toxic 
action  on  the  cardiac  muscle.  This  acute  dila- 
tation, he  insists,  is  in  no  sense  a  "complica- 
tion " ;  it  is  a  characteristic,  and  the  most 
important  part  of  the  disease.  But  it  may  be 
said  that  the  evidence  he  brings  in  support  of 
this  important  proposition,  increase  in  size  of 
the  deep  cardiac  dulness,  is  hardly  convincing, 
as  the  limits  of  the  deep  cardiac  dulness  would 
probably  vary  in  any  one  case  with  the  powers 
of  percussion  of  different  observers,  and  even 
with  those  of  the  same  observer  from  time  to 
time.  The  changes  in  the  cardiac  muscle,  found 
along  with  hypertrophy  and  dilatation,  in  cases 
of  long-established  valvular  disease,  have  a  direct 
origin  in  the  valvular  defects,  and  by  no  means 
imply  any  pre-existing  inflammatory  state  of 
the  muscle. 

Chorea. — -That  there  is  a  close  association  of 
chorea  with  rheumatism  is  not  to  be  doubted. 
The  exact  relationship  between  the  two  com- 
plaints is  still  a  vexed  question,  but  the  more 
it  is  looked  into  the  more  intimate  the  associa- 
tion is  found  to  be.  With  a  large  number, 
indeed,  of  competent  observers,  chorea  is  regarded 
in  every  instance  as  simply  and  solely  a  mani- 
festation of  rheumatism.  Not  infrequently 
choreic  symptoms,  of  slight  or  greater  intensity, 
are  found  in  children  suffering  from  rheumatism. 
Very  often,  too,  chorea  will  attack  children 
shortly  after  the  subsidence  of  a  definite  rheu- 
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matic  attack.  Again,  children  who  have  suflered 
from  chorea,  with  no  present  or  past  evidences 
of  rheumatism,  are  much  more  prone  to  future 
rheumatic  attacks  than  others.  It  is  not 
uncommon,  moreover,  to  find  endocarditis  in 
choreic  children  with  no  history  of  joint  pains 
or  other  rheumatic  symptoms ;  and,  but  much 
more  rarely,  cases  occur  where  chorea  is  associ- 
ated with  endocarditis  and  rheumatic  nodules 
where  other  evidence  of  rheumatism  is  entirely 
wanting.  These  facts  are  incontrovertible  and 
fully  admitted,  but  they  are  totally  insuflScient 
to  support  the  dogma  that  in  every  instance 
chorea  is  a  direct  manifestation  of  rheumatism. 
In  the  great  majority  of  cases  of  chorea  no 
evidence  of  rheumatism,  either  in  the  past  or 
present,  is  obtainable.  It  is  very  common,  too, 
for  children  to  have  repeated  and  frequent 
attacks  of  chorea,  and  in  whom  no  endocard- 
itis or  other  symptoms  of  rheumatism  develop. 
The  proportion  of  cases  of  chorea  associated 
with  rheumatism  has  been  variously  stated  by 
different  authorities — the  variance  in  the  figures 
being  doubtlessly  influenced  by  the  fact  of  the 
observer  being  a  believer  or  disbeliever  in  the 
pan-rheumatic  origin  of  chorea.  Thus  Dr.  Still, 
in  226  cases  of  chorea,  found  evidence  of  rheu- 
matism in  at  least  55 -7  per  cent.  Other  good 
observers,  with  a  full  knowledge  of  how  vague 
and  fleeting  the  symptoms  of  rheumatism  in 
the  child  may  be,  feel  justified  in  placing  the 
percentage  of  cases  of  chorea  associated  with 
rheumatism  at  as  low  a  figure  as  30  per  cent. 
These  last  figures  will  have  to  be  largely  dis- 
counted, of  course,  by  the  fact  that  possibly 
many  of  the  cases  of  chorea  contracted  rheumat- 
ism after  passing  out  of  observation,  and  that 
many  of  them,  too,  were  possibly  seen  before 
the  age  at  which  some  of  the  later  evidences 
of  endocarditis,  such  as  mitral  stenosis,  had  had 
time  to  develop.  After  making  very  liberal 
allowance  for  these  considerations,  however,  it 
probably  remains  true  that  more  than  half  the 
cases  of  chorea  pass  through  life  without  ex- 
hibiting any  of  the  more  definite  signs  of 
rheumatism.  If,  then,  chorea  is  merely  a  phase 
of  rheumatism,  in  the  majority  of  cases  it 
stands  alone  in  this  last  respect.  In  a  disease 
like  chorea,  where  the  beginning  and  termina- 
tion are  often  so  ill-defined,  and  where  there  is 
so  wide  a  variance  in  the  severity  and  duration 
of  the  complaint,  it  is  difficult  to  attempt  any 
discrimination  between  one  group  of  cases  and 
another.  On  the  whole,  perhaps  it  may  be 
found  that  in  the  cases  associated  with  definite 
rheumatism  the  onset  is  better  marked,  the 
acme  as  regards  extent  and  violence  of  the 
movements  sooner  reached,  and  the  duration 
shorter  than  in  the  cases  where  there  is  no 
evidence  of  rheumatism  obtainable.  The  ex- 
planation of  the  frequent  association  of  the  two 
complaints  is  perhaps  to  be  found  in  the 
neurotic  predisposition,  which  even  the  most 
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ardent  advocates  of  the  infective  origin  of  rheu- 
matism are  forced  to  admit. 

Diagnosis. — This  is  generally  not  difficult 
where  arthritis  is  present,  and  rheumatism  is 
by  far  the  most  frequent  cause  of  arthritis  in 
children.  The  subsidence  of  inflammation  in 
one  joint  witli  its  reappearance  in  another  is 
extremely  chai'acteristic  of  rheumatism.  The 
multiple  arthritis  secondary  to  exanthematous 
disease  may  lead  to  error  if  no  reliable  history 
be  obtainable.  But  in  such  cases  the  arthritis 
is  seldom  so  marked  as  it  is  in  rheumatism 
when  several  joints  are  simultaneously  affected. 
The  symmetrical  arthritis  occurring  in  the 
subjects  of  inherited  syphilis  should  not  mis- 
lead, as  the  joint  affection  is  too  chronic  and  too 
little  painful  to  own  rheumatism  as  a  probable 
cause,  and  in  a  large  percentage  of  such  cases, 
moreover,  Hutchinsonian  teeth  and  interstitial 
keratitis  are  present.  Gonorrhoeal  arthritis  is 
rare,  but  by  no  means  unknown  in  children, 
and,  in  the  absence  of  the  characteristic  dis- 
charge, it  is  only  the  persistence  of  the  joint 
affection  in  spite  of  the  administration  of  sali- 
cylates that  may  negative  the  diagnosis  of 
rheumatism.  In  the  absence  of  evidence  of 
a  source  of  infection,  pysemic  arthritis  may 
present  great  difficulties  in  the  way  of  dis- 
crimination from  rheumatism.  The  greater 
local  inflammation  and  reddening  of  the  skin, 
the  longer  persistence,  and  the  nature  of  the 
temperature  generally,  eventually  lead  to  the 
correct  diagnosis.  Acute  arthritis  sometimes 
occurs  with  the  onset  of  anterior  poliomyelitis. 
The  age  of  the  child,  the  restriction  of  the 
swelling  usually  to  one  joint,  the  paralysis  of 
the  affected  limb,  and  the  rapid  onset  of 
muscular  wasting  are  generally  sufficient  to 
avert  mistakes.  Infantile  scurvy  is  sometimes 
mistaken  for  rlieumatism,  but  the  error  should 
not  occur  where  the  age  of  the  child,  the  other 
evidences  of  scurvy,  and  the  fact  that  the 
swelling  is  primarily,  at  least,  not  in  the  joint, 
but  over  the  shafts  of  the  long  bones,  are  taken 
into  account.  The  swelling  of  the  joints  some- 
times arising  in  association  with  syphilitic 
epiphysitis  is  hardly  likely  to  be  confounded 
with  rheumatism  if  any  care  be  exercised. 
Rheumatoid  arthritis,  a  rare  disease  in  children, 
may  be  mistaken  for  rheumatism  in  early  acute 
stages.  The  resistance  of  the  arthritis  to  the 
salicylates,  the  persistence  of  the  complaint  to 
certain  joints  and  the  freedom  of  others,  the 
early  muscular  wasting,  and  the  characteristic 
deformity  about  the  joints  seldom  permit  the 
error  to  be  one  of  long  duration.  Apart  from 
arthritis  there  is  hardly  anything  characteristic 
about  any  of  the  other  symptoms  of  rheumatism, 
and  their  nature  is  generally  only  settled  by  a 
history  of  arthritis  in  the  past,  or  its  subequent 
appearance,  or  their  association  with  fibrous 
nodules  or  endocarditis.  It  may  be  said,  how- 
ever, that  growing  pains  of  sufficient  severity 


to  cause  limping  are  very  seldom  due  to  any 
other  cause  than  rheumatism. 

Prognosis. — Death  is  somewhat  uncommon 
during  the  acute  stages  of  the  complaint,  and 
exceedingly  rare  in  a  first  attack.  In  attacks 
other  than  the  first,  the  prognosis  should  be 
founded  on  the  extent  any  persisting  heart 
affection  has  attained,  rather  than  on  any 
special  feature  of  the  active  complaint.  Peri- 
carditis, however,  is  attended  with  especial 
dangers  of  its  own,  and  is  nearly  always  found 
in  those  dying  during  an  acute  attack.  A 
combination  of  severe  chorea  with  active  rheu- 
matism is  of  bad  augury,  as  in  such  cases  the 
temperature  is  apt  to  run  up  high,  and  recovery 
seldom  ensues.  Numerous  or  persistent  nodules 
add  much  to  the  gravity  of  the  attack.  Large 
nodules  usually  foretell  death  at  no  distant 
date,  and  Cheadle  is  right  in  the  main 
when  he  states  that  the  sight  of  them  is  the 
equivalent  of  that  of  the  death  warrant  of  the 
patient.  Apart  from  these  considerations,  re- 
covery is  the  rule  whether  the  heart  be  left 
permanently  damaged  or  not.  If  the  prognosis 
as  regards  recovery  from  acute  attacks  be 
generally  good,  that  as  regards  the  recurrence 
of  future  attacks  is  correspondingly  bad.  Once 
rheumatism,  always  rheumatism,  is  not  true, 
for  even  a  young  child  may  have  a  solitary 
attack  of  rheumatism  and  no  more.  But  such 
cases  are  the  exception,  and  usually  a  first  rheu- 
matic attack  is  usually  the  prelude  to  others  in 
the  near  or  distant  future.  Every  succeeding 
attack  adds  to  the  gravity  as  regards  the  heart, 
either  by  originating  endocarditis,  or  by  adding 
its  own  quotum  to  a  damage  already  sustained. 

Treatment. — When  any  definite  active  rheu- 
matism is  present  the  child  should  be  strictly 
confined  to  bed.  He  should  be  clothed  in 
flannel,  and  rest  between  blankets  instead  of 
the  ordinary  linen  sheets.  Salicylate  of  soda 
should  be  given  in  doses  of  about  three-quarters 
of  a  grain  for  each  year  of  his  age.  This 
should  at  first  be  given  every  three  hours  in 
the  day,  and  at  night  if  awake,  until  the 
temperature  returns  to  normal  and  all  pains 
have  disappeared.  After  this  it  should  be  con- 
tinued three  times  a  day  for  another  fortnight 
at  least.  Should  any  toxic  symptoms  arise, 
such  as  delirium,  vomiting,  epistaxis,  intestinal 
hasmorrhage,  or  albuminuria,  then  the  quantity 
of  the  dose  should  be  diminished,  and  the  drug 
should  only  be  entirely  withheld  in  the  case  of 
absolute  necessity.  There  is  some  advantage, 
probably,  in  giving  some  alkali,  such  as  the 
bicarbonate  of  potash,  along  with  the  salicylate, 
in  doses  of  two  or  three  grains  of  the  former 
to  each  grain  of  the  latter.  Painful  joints 
should  be  swathed  in  flannel  bandages,  or  better 
still  in  cotton-wool  covered  with  oil-silk.  Any 
obstinate  arthritis  is  generally  speedily  bene- 
fited by  small  blisters  in  the  neighbourhood 
of  the  joints,  but  young  children  are  bad  sub- 


RHEUMATISM  IN  CHILDREN 


559 


jects,  as  a  rule,  for  blistering.    If  there  is  much 
pain,  then  a  single  full  dose  of  opium,  appro- 
priate to  the  age  of  the  child,  given  at  bed-time, 
is  often  extremely  beneficial  in  procuring  rest 
and  sleep.     After  the  salicylates  have  been 
stopped,  the  child  should  be  put  on  a  course 
of  iron,  such  as  four  or  five  grain  doses  of  the 
double  citrate  of  iron  and  ammonia,  whether 
marked  ansemia  be  present  or  not.    To  this  a 
corresponding  quantity  of  citrate  of  potash  is 
often  a  useful  addition.    As  far  as  possible  a 
supine  position  should  be  maintained,  and,  if 
there  be  any  suspicion  of  endocarditis,  rigidly 
enforced.    A  change  from  the  erect  to  the 
supine  position  means,  on  an  average,  ten  beats 
less  per  minute,  with  a  corresponding  diminu- 
tion in  the  labour  of  the  heart.    Not  only  this, 
moreover,  but  when  endocarditis  is  present  it 
means  ten  less  flappings  together  of  the  inflamed 
valvular  cusps,  and  a  corresponding  increase 
in  the  length  of  the  diastole,  the  only  time  in 
the  cardiac  cycle  when  repair  to  its  delicate 
structures  is  possible  or  probable.    The  course 
of  salicylate  should  not  be  stopped  on  the 
advent  of  endocarditis.     Any  irregularity  of 
pulse,  or  feeble  cardiac  action,  is  much  more 
likely  due  to  the  disease  than  to  the  depressing 
effects  of  the  drug,  which  have  been  much 
exaggerated.    Such  conditions  are  better  met 
by  the  administration  of  strychnine,  preferably 
by  injection,  rather  than  by  the  stoppage  of 
the  salicylate.    Dr.  Caton's  statistics  show  such 
satisfactory  results  that  his  treatment  deserves 
a  trial  in  the  early  stages  of  endocarditis.  This 
consists  in  giving  appropriate  doses  of  sodium 
iodide,  and  the  repeated  application  of  small 
blisters  in  the  lines  between  the  middle  of  the 
clavicles  and  the  nipples  on  either  side.  Here 
again  at  first  the  salicylate  should  be  given 
along  with  the  iodide,  as  the  baneful  results  of 
a  relapse  of  the  rheumatism  are  much  more 
certain  than  that  any  benefit  will  be  gained 
from  the  rest  of  the  special  treatment.    In  the 
early  stages  of  pericarditis  two  or  three  leeches 
should  be  applied  over  the  heart,  or  recourse 
may  be  had  to  the  ice-bag  so  warmly  advocated 
by  Lees.    Blisters,  too,  are  probably  useful,  but 
their  use  interferes  with  a  complete  and  satis- 
factory daily  examination  of  the  heart.  When 
there  is  pain  or  distress  no  drug  is  so  useful  as 
opium,  and  this  can  also  be  given  at  first  with 
the  salicylate.    Alcohol  is  very  seldom  required 
in  any  of  the  active  phases  of  rheumatism  in 
children.    A  child  should  be  kept  in  bed  for 
at  least  a  month  after  the  subsidence  of  an 
attack  of  marked  rheumatism.    This,  however, 
is  generally  difficult  of  attainment,  as  the  child, 
perhaps  feeling  quite  well,  resents  the  confine- 
ment to  bed  as  irksome,  and  only  too  often  the 
parents  totally  fail  to  appreciate  the  gravity  of 
the  complaint  when  once  the  severe  symptoms 
have  disappeared. 

The  child  who  has  once  had  rheumatism 


should  be  clothed  in  flannel  or  woollen  next 
to  the  skin,  and  the  clothing  is  of  more  im- 
portance in  the  summer  even  than  in  the 
winter  time.  He  should  be  restricted  from 
the  more  violent  games,  such  as  running  or 
football,  not  only  because  the  fatigue  they 
cause  predisposes  to  rheumatism,  but  also 
because  the  fact  of  having  had  rheumatism 
should  render  his  heart  an  object  of  suspicion, 
although  he  may  present  no  evidence  of 
valvular  defect.  If  possible,  he  should  not 
reside  in  low,  damp  places,  such  as  the  Fen 
country  in  England,  where  there  is  no  doubt 
rheumatism  is  unduly  prevalent.  Apart  from 
such  notoriously  unsuitable  places,  however, 
care  and  protection  from  fatigue  and  damp 
are  more  important  than  place  of  residence. 
Numerous  places  bear  a  reputation  as  being 
"anti-rheumatic"  on  evidence  tliat  will  not 
bear  investigation ;  whilst  residence  by  the  sea 
seems  beneficial  to  some  children,  to  others  it 
is  apparently  detrimental.  In  fact,  when  the 
choice  is  restricted  to  these  islands,  a  suitable 
place  of  residence  is  more  or  less  a  matter  of 
chance.  The  prevalent  belief  that  too  much 
butcher  meat  is  harmful  for  rheumatic  children 
rests  on  some  slight  foundation,  and  it  may 
be  well  to  put  the  child  on  a  diet  where  a 
slight  deficiency  in  it  is  replaced  hj  an  extra 
quantity  of  milk,  fish,  vegetables,  or  other 
food.  The  practice,  too,  of  giving  the  juice 
of  a  fresh  lemon  daily  to  a  rheumatic  child,  in 
the  shape  of  lemonade,  can  seldom  do  any 
harm,  and  it  may  possibly  do  good  by  ensuring 
the  continuance  of  a  mild  alkaline  course  in 
a  pleasant  and  acceptable  form. 
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Synonyms. — Arthritis  deformans.  Polyarthri- 
tis chronica,  Osteo-arthritis,  Rheumatic  gout. 
Mechanical  or  Traumatic  arthritis,  Arthritis 
chronica  villosa. 

Few  diseases  so  common  as  rheumatoid 
arthritis,  and  of  equal  importance,  are  regarded 
by  the  profession  with  so  little  unanimity. 
This  form  of  joint  affection  is  known  to  be  of 
great  antiquity ;  the  Museum  of  the  Royal 
College  of  Surgeons  possesses  bones  showing 
characteristic  changes  which  date  back  to  1300 
B.C.    It  has  received  the  attention  of  genera- 
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tions  of  able  workers,  but  even  now  wide 
diversity  of  opinion  exists  among  observers  of 
repute  as  to  its  pathology  and  true  place  in 
medicine.  It  seems  possible  that  conditions 
widely  different  in  origin,  in  clinical  manifesta- 
tions, and  in  results  have  been  grouped  together 
as  rheumatoid  arthritis,  leading  to  the  confusion 
apparent  in  writings  on  the  subject. 

An  attempt  will  be  made  in  these  pages  to 
describe  the  disease  as  it  occurs  in  adults,  and 
in  certain  varieties  which  are  marked  off  from 
each  other  with  some  clearness.  It  is  perhaps 
doubtful  whether  these  groups  .will  ultimately 
be  placed  together  under  one  name,  but  for  the 
present,  tradition  and  convenience  require  that 
they  should  be  considered  side  by  side. 

Cases  presenting  themselves  for  observation 
in  adults  fall  into  the  following  main  clinical 
groups : — 

1.  Polyarticular  rheumatoid  arthritis :  (a) 
Subacute  and  chronic  ;  (b)  Acute. 

2.  Localised  or  senile  rheumatoid  arthritis. 

1.  Polyarticular  Rheumatoid  Arthritis 
(a)  Subacute  and  Chronic 

Etiology. — Age. — This  form  occurs  at  any 
age  from  childhood  to  late  adult  life.  The  age 
most  prone  to  attack  appears  to  be  that  between 
thirty-five  and  fifty,  the  period  of  commencing 
tissue  degeneration.  Cases  occurring  much 
earlier  are  common,  and  women  are  frequently 
attacked  during  the  time  of  greatest  reproduc- 
tive activity.  The  records  of  the  New  Hospital 
for  Women  furnish  repeated  examples  of  this 
fact.  A  certain  number  of  cases  appear  about 
puberty.  On  the  whole,  the  earlier  the  time  of 
attack  the  more  severe  and  rapidly  progressive 
is  the  course  of  the  illness,  but  there  are 
exceptions  to  this  general  truth.  Some  of  the 
early  cases  improve  strikingly  under  treatment, 
and  the  disease  may  even  become  arrested  if  it 
has  been  recognised  early  and  dealt  with  at 
once. 

Hereditary  influence  does  not  appear  to  be 
strongly  shown  in  the  history  of  this  disease. 
Garrod  considers  that  heredity  has  an  unim- 
portant bearing  on  its  production,  and  is  de- 
cidedly less  marked  in  this  affection  than  in 
gout ;  it  is  probably  not  to  be  traced  with  any 
frequency  even  in  the  rheumatoid  arthritis  of 
children.  It  is  not  very  rare  to  find  several 
female  members  of  a  family  suffering  more  or 
less  severely  from  rheumatoid  arthritis,  and  a 
history  can  sometimes  be  obtained,  especially 
in  private  practice,  of  a  joint  affection  which 
sounds  like  rheumatoid  arthritis  in  relatives  in 
a  previous  generation.  It  is  not  unknown  for 
several  male  members  of  one  family  to  suffer 
from  early  and  severe  forms,  but  this  is  rare. 
Bannatyne  analyses  293  cases,  and  finds  a 
history  of  clear  inheritance  in  15  only.  Sta- 
tistics as  to  heredity,  compiled  from  the  state- 


ments of  patients  respecting  the  joint  affections 
of  their  relatives,  are  open  to  fallacies  so  obvious 
as  to  greatly  diminish  their  value. 

As  regards  sex,  there  is  undoubtedly  a  great 
and  special  liability  among  women  to  suffer. 
Badt  gives  a  recent  analysis  of  53  cases  observed 
by  him.  Of  these  6  per  cent  were  males,  94 
per  cent  were  females.  In  80  per  cent  of  the 
female  cases  the  illness  began  at  the  climacteric. 
The  influence  of  pelvic  disease  and  of  the 
menopause  has  been  dwelt  upon  by  many 
writers,  and  statistics  show  that  these  condi- 
tions are  of  great  importance.  At  the  climac- 
teric the  general  health  of  women  is  lowered, 
and  they  are  then  liable  to  suffer  from  diseases 
of  the  reproductive  system.  Of  such  diseases 
probably  those  most  potent  in  the  production 
of  rheumatoid  arthritis  are  such  as  are  associ- 
ated with  exhausting  losses  from  the  uterus, 
especially  htemorrhages  from  any  cause,  and,  to 
a  less  degree,  copious  purulent  or  muco-purulent 
discharges.  At  the  New  Hospital  for  Women 
the  occurrence  of  rheumatoid  arthritis,  more 
or  less  severe,  in  association  with  menorrhagia 
due  to  fibroid  tumours  of  the  uterus  has  been 
repeatedly  observed.  Such  an  association  has 
been  noted  also  by  Ord.  Other  less  definite 
conditions,  such  as  uterine  displacements  or 
ovarian  neuralgia,  have  been  thought  to  bear 
some  causative  relation  to  the  disease,  but  it  is 
difficult  to  trace  the  evidence  on  which  this 
opinion  is  based.  Chronic  ovarian  pain  seems 
a  possible  influence,  and  in  one  case  had  been 
a  source  of  great  suffering  in  an  unmarried 
woman  of  thirty-two,  who  developed  severe 
rheumatoid  arthritis. 

It  has  been  suggested  that  the  special 
liability  of  women  at  the  climacteric  may  be 
due  to  a  failure  on  the  part  of  the  ovary  at 
that  time  to  exercise  its  normal  influence  on 
general  nutrition,  and  Badt  suggests  the  use 
of  ovarian  extract.  The  idea  belongs  at  present 
to  the  region  of  hypothesis,  but  deserves  further 
investigation.  There  does  not  appear  to  be  a 
special  danger  of  the  onset  of  the  disease  after 
the  removal  of  the  ovaries  surgically.  This 
point  has  been  under  observation  at  the  New 
Hospital  for  Women,  and  so  far  the  evidence  is 
negative. 

Garrod  pointed  out  that  rheumatoid  arthritis 
occurs  early  and  in  severe  forms  in  association 
with  rapid  child-bearing  and  over-lactation,  and 
other  observers  have  amply  confirmed  this  state- 
ment. It  is  probable  that  any  cause  whatever 
which  tends  to  lower  the  general  health  and  to 
produce  marked  debility  and  failure  of  nutrition 
may  predispose  to  the  disease.  In  women 
diseases  of  the  pelvic  organs  form  so  consider- 
able a  proportion  of  the  causes  of  ill-health, 
that  it  is  to  be  expected  that  these  diseases 
should  take  a  prominent  place  in  the  history 
of  an  illness  liable  to  attack  the  debilitated  from 
any  cause. 
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Prolonged  mental  strain,  long  anxiety,  and 
worry  are  very  frequently  present  in  the  history 
of  these  cases,  in  association  with  other  debili- 
tating conditions.  In  some  cases  the  history 
of  mental  worry  or  anxiety  seems  the  most 
prominent  fact  in  the  history,  and  stands  out 
alone,  or  as  the  chief  factor  which  can  be  made 
out. 

As  a  rule,  the  depressing  mental  conditions 
have  been  of  long  standing,  going  on  for  months 
or  even  years,  but  there  is  some  evidence  that 
a  severe  shock  may  be  followed  quickly  by  joint 
changes.  The  writer  has  notes  of  a  case  in  a 
woman  of  thirty-five,  in  whom  rheumatoid 
arthritis  in  a  severe  form  followed  immediately 
on  the  shock  occasioned  by  the  sudden  death  of 
her  twin  children.  Cases  of  a  like  nature  have 
been  recorded  by  others. 

Climate  probably  has  some  influence  on  the 
production  of  this  complaint,  as  it  undoubtedly 
has  upon  its  course.  Charcot  considered  damp 
cold  to  be  one  of  the  most  potent  factors. 
Bannatyne  states  that  the  disease  is  more 
common  in  the  humid  air  of  Ireland  than  in 
England  ;  Adams  that  it  is  prevalent  in  Holland  ; 
and  Stewart  that  it  is  very  rare  in  the  dry 
climate  of  Canada.  In  a  certain  number  of 
cases  the  disease  is  referred  to  a  definite  ex- 
posure to  cold  or  damp,  or  both,  such  as  sleeping 
in  a  damp  bed,  or  getting  wet  and  sitting  in 
damp  clothes.  The  combination  of  damp,  cold, 
a  low  elevation,  and  low  average  of  bright  sim- 
shine  appears  to  be  favourable  to  its  develop- 
ment— in  other  words,  the  climate  least  likely 
to  lead  to  good  general  health  and  a  high 
vitality  of  the  tissues. 

The  influence  of  traumatic  injury  to  joints 
has  been  variously  estimated  by  writers.  It 
is  generally  accepted  as  true  that  in  the  mon- 
articular form  previous  injury  may  determine 
the  localisation  of  the  affection,  even  when  the 
injury  has  occurred  long  before  the  onset  of  the 
joint  changes.  It  is  also  true  that  in  cases  of 
moderate  generalised  rheumatoid  arthritis  an 
injury  may  greatly  increase  the  activity  of  the 
disease  in  the  injured  joint,  which  may  quickly 
become  completely  crippled,  although  the  activity 
of  the  joint  aff'ection  generally  is  not  increased. 

Cases  are  recorded  where  injury  to  one  joint 
was  apparently  followed  by  generalised  rheu- 
matoid arthritis.  The  evidence  in  those  cases 
available  for  reference  is  not  absolutely  con- 
vincing, and  in  some  the  length  of  time  which 
had  elapsed  between  the  injury  and  the  onset 
of  the  generalised  disease  was  so  great  that 
the  influence  of  the  injury  appears  somewhat 
doubtful. 

There  is  some  evidence  that  joints  which  have 
previously  been  attacked  by  the  inflammatory 
processes  of  acute  rheumatism  are  prone  to 
be  affected  later  by  rheumatoid  arthritis.  Luff" 
states  that  acute  rheumatism  is  an  undoubted 
predisposing  cause  of  this   disease.  Modern 

VOT,.  VTII 


views  as  to  the  pathology  of  these  afi^ections 
tend  to  minimise  rather  than  to  accentuate  the 
points  of  difference  between  them.  If  acute 
rheumatism,  and  certain  forms  at  least  of  rheu- 
matoid arthritis,  have  a  bacterial  origin,  as 
some  believe,  it  is  possible  that  the  tissues  of  a 
joint  already  damaged  by  one  such  infection 
may  readily  become  a  nidus  in  which  other 
organisms  can  flourish.  It  is  certain  that  the 
changes  characteristic  of  chronic  rheumatoid 
arthritis  may  supervene  in  other  chronically 
inflamed  joints,  i.e.  those  of  gout  or  of 
gonorrhcBa. 

A  low  diet,  deficient  in  nutritive  elements, 
may  be  an  important  element  in  the  causation 
of  rheumatoid  arthritis.  Alcohol  has  not  the 
same  directly  deleterious  effect  on  these  patients 
as  on  the  suff"erers  fi'om  gout. 

Clinical  Characters  of  Subacute  and  Chronic 
Polyarticular  Rheumatoid  Arthritis. — The  on- 
set is  insidious  and  difficult  to  date  from  the 
accounts  given  by  patients. 

Premonitory  symptoms  have  been  described 
by  some  writers,  such  as  abnormal  sensations 
in  the  extremities,  tingling,  pins  and  needles, 
and  numbness,  especially  on  waking  from  sleep. 
These  sensations  are  frequently  complained  of 
early,  but  examination  shows  that  some  joints 
are  already  aff"ected,  and  pain  and  enlargement 
of  joints  are  the  earliest  distinctive  symptoms. 
The  joints  most  liable  to  attack  are  those  of 
the  hands,  and,  broadly  speaking,  the  disease 
assumes  a  symmetrical  arrangement,  attacking 
corresponding  joints  on  the  two  sides,  and 
tending  to  advance  from  the  extremities  to- 
wards the  trunk.  The  number  of  joints  affected 
varies  greatly,  and  there  appears  to  be  a  process 
of  selection  which  may  be  different  in  diflferent 
cases,  but  is  usually  the  same  on  the  two  sides 
of  the  body.  The  joints  commonly  attacked 
are  the  interphalangeal  joints  of  the  hands,  or 
some  of  them,  the  metacarpo-phalangeal  joints, 
the  wrist,  elbow,  and  shoulder.  In  the  lower 
extremities  the  knee  is  very  frequently  attacked, 
also  the  ankle,  the  small  joints  of  the  foot,  and 
the  hip.  The  temporo-niaxillary  joint  is  fre- 
quently affected — a  fact  which  is  valuable  in 
diagnosis,  and  serves  to  distinguish  this  from 
other  forms  of  arthritis,  except  that  which  is 
the  result  of  gonorrhoeal  infection.  Involve- 
ment of  the  joints  of  the  vertebrae  occurs, 
especially  of  the  occipito-atloid  joint,  resulting 
in  stifibess  or  definite  limitation  of  nodding  or 
rotatory  movements  of  the  head.  The  pain 
due  to  involvement  of  the  spine  may  be  very 
severe. 

Although  marked  symmetry  of  arrangement 
is  the  rule,  and  is  a  characteristic  feature  of  the 
disease,  it  is  by  no  means  invariable.  The  joints 
on  one  side  of  the  body  may  show  evidence  of 
advanced  changes,  while  those  on  the  other  side 
are  only  slightly  affected,  and  there  are  also 
exceptions  to  the  rule  that  the  disease  tends 
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to  advance  in  order  from  periphery  to  trunk. 
Joints  may  be  picked  out  for  attack  without 
reference  to  anatomical  sequence  (Fig.  1).  Sym- 
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metry  is  more  apparent  in  the  earlier  and  more 
rapidly  progressive  cases.  In  those  less  active 
the  disease  shows  a  tendency  to  remain  local- 
ised in  a  few  joints. 

The  changes,  once  begun,  have  no  spontaneous 
tendency  to  recover,  and  the  joint  becomes  the 
seat  of  a  gradually  progressive  disorganisation, 
unless  the  disease  is  arrested  by  treatment. 

The  actual  condition  of  the  joint  varies. 
Clinically,  two  main  varieties  of  joint  change 
are  noticeable. 

(a)  The  joint  assumes  the  shape  of  a  more  or 
less  symmetrical  truncated  spindle,  it  is  swelled, 
its  normal  contour  is  obscured,  and  its  bony 
landmarks  are  difficult  to  make  out.  The 
impression  received  on  examination  is  that  the 
soft  parts,  both  within  and  without  the  joints, 
are  J  uniformly  swelled  and  thickened.  This 
form  is  well  seen  in  the  finger-joints,  and  is 
shown  in  Fig.  2.    The  joint  is  tender  to  touch. 


Fig.  2. 


sometimes  even  hot,  and  movement  is  painful 
and  limited.  The  terminal  inter-phalangeal 
joints  frequently  escape  attack.  Not  rarely  the 
joint  contains  fluid,  and  definite  fluctuation  is 
present.  In  other  cases  no  fluid  can  be  made 
out,  but  the  joint  has  a  characteristic  doughy, 
semi-elastic  feel.  The  metacarpo-phalangeal 
joints  suff'er  frequently,  especially  those  of  the 
first  and  second  fingers.  That  of  the  little  finger 
is  usually  less  affected.  No  bony  out-growths 
may  be  present,  no  lipping,  nor  any  gross  bony 
changes.  The  condition  is  suggestive  of  a 
chronic  inflammatory  over-growth  of  the  soft 


parts  of  the  joint,  especially  of  the  synovial 
membrane.  Schiiller  proposes  calling  this  form 
chronic  villous  arthritis  (arthritis  chronica 
villosa). 

(6)  The  other  type  of  joint  change  presents  a 
striking  contrast  to  that  described  above.  The 
joint  is  enlarged,  but  the  enlargement  is  irreg- 
ular and  often  nodular.  The  bony  landmarks 
are  more,  rather  than  less,  prominent,  and  there 
is  obvious  bony  enlargement ;  lipping  of  the 
articular  surface,  and  definite  osseous  ovit- 
growths  can  often  be  made  out.  Tenderness  on 
manipulation  is  not  usually  very  marked, 
though  some  areas  of  the  joint  may  be  decidedly 
tender  on  deep  pressure.  Movement  is  limited 
and  painful,  and  may  be  attended  with  marked 
grating,  due  either  to  actual  contact  of  bony 
surfaces,  or  more  often,  probably,  to  creaking  of 
thickened  periarticular  tissues.  The  joint  may 
become  completely  immobile  and  apparently 
ankylosed,  or  the  bony  out-growths  may  be  so 
situated  as  mechanically  to  lock  the  joint. 
There  is  usually  no  excess  of  fluid  in  these 
joints.  This  form  also  can  be  well  studied  in 
the  hand,  especially  in  the  metacarpo-phalangeal 
or  carpo-metacarpal  joints  of  the  thumb.  The 
terminal  phalanges  may  show  Heberden's  nodes 
at  their  bases.    This  type  is  shown  in  Fig.  3. 


Fig.  3. 


Speaking  generally,  the  first  group  represents 
the  more  acute  form  of  the  disease  and  occurs 
in  younger  patients,  the  second  the  more 
chronic  form. 

In  some  late  cases  the  joint  shows  a  combina- 
tion of  bony  enlargement  or  nodosities,  with 
increased  thickening  of  soft  parts  and  fluid 
eff"usion,  but  it  is  certain  that  joints  may  exhibit 
typically  the  bony  changes  last  described  with- 
out having  passed  through  a  stage  of  general 
spindle-like  swelling  or  fluid  effusion.  Tlie  two 
varieties  have  clinically  well-defined  characters 
which  merit  separate  description,  and  it  seems 
certain  that  spindle-shaped  swelling  is  not 
mei-ely  the  early  stage  of  an  arthritis  which 
passes  inevitably  into  a  condition  of  bony  out- 
growth and  enlargement. 

(c)  In  a  third  condition  occasionally  seen, 
some  joints  of  the  fingers,  especially  the  ter- 
minal inter-phalangeal  joints,  seem  actually 
smaller  than  usual,  and  their  movements  more 
than  normally  free.    They  are  painless,  and 
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look  as  if  there  had  been  some  atrophy  of  all 
the  parts  concerned — bones  and  soft  parts  alike. 
This  condition  is  present  in  association  with 
spindle-shaped  enlargement  of  joints  rather 
than  in  the  more  chronic  type  with  bony  out- 
growth. 

The  anatomical  changes  in  the  joints  are  in- 
variably associated  with  more  or  less  atrophy  of 
muscles  of  the  limb ;  sometimes  the  atrophy  is 
extreme,  and  adds  gi-eatly  to  the  general  de- 
formity. The  extensors  of  the  joints  suffer 
usually  more  than  the  flexors.  In  the  hand  the 
interossei  muscles  suffer,  especially  the  dorsal 
interossei.  The  thenar  and  hypothenar  emi- 
nences do  not  escape,  and  the  general  wasting 
of  muscles  of  the  limb  may  be  so  decided  as  to 
simulate  the  changes  in  progressive  muscular 
atrophy. 

The  reaction  of  degeneration  is  usually 
absent.  The  wasting  of  muscles  bears  no 
necessary  proportion  to  the  degree  of  involve- 
ment of  the  joint,  and  it  may  be  very  marked 

where  the  joint 
changes  are  slight 
or  moderate.  Fig. 
4  shows  a  case  with 
extreme  wasting  of 
the  muscles  of  the 
leg.  The  tendon 
reflexes  in  the 
affected  limbs  are 
frequently,  but  not 
invariably,  in- 
creased. 

The  deformities 
resulting  from  the 
joint   and  muscle 
changes  have  been 
FiQ.  4.  studied   and  de- 

scribed by  many 
writers.  In  the  hands  a  common  and  early 
change  is  ulnar  deflection  of  the  fingers  at 
the  metacarpo- phalangeal  joints.  At  first  the 
deflection  is  slight  and  easily  reduced,  later 
it  may  become  extreme,  and  only  pai'tially  or 
not  at  all  reducible.  The  other  deformities 
of  the  hand  depend  on  flexion  and  extension 
of  the  phalanges  on  each  other,  or  on  the 
metacarpal  bones.  The  knee  joint  in  advanced 
cases  is  almost  invariably  flexed.  The  ankle 
joint  is  frequently  fixed,  the  foot  abducted, 
and  the  great  toe  deflected  to  the  outer  side. 
The  temporo-maxillary  joint  may  be  ankylosed, 
and  the  patient  \mable  to  masticate ;  and  the 
head  may  be  fixed,  either  in  a  natural  position 
or  in  a  position  of  flexion  or  rotation,  from 
changes  in  the  cervical  spine. 

The  causes  of  the  deformities  are  briefly 
either — 

(a)  Ankylosis  or  partial  ankylosis  of  joints, 
or  changes  in  the  form  of  the  articular  surfaces. 

{b)  Atrophy  of  certain  groups  of  muscles  and 
increased  tonicity  or  spasm  of  others,  leading  to 


disturbance  of  normal  relations  of  muscular 
groups  to  one  another,  and  in  extreme  cases 
causing  actual  dislocation  of  bones,  partial  or 
complete. 

(c)  Changes  in  the  ligaments  and  tendons 
about  the  joint,  commonly  in  the  direction  of 
increased  laxity  or  destruction. 

{d)  The  effect  of  gravity  and  habitual  posture. 

Most  of  the  deformities  of  rheumatoid  arthritis 
are  not  peculiar  to  it,  but  may  be  present  also 
in  other  chronic  affections  of  the  joints,  such  as 
gout,  and  in  various  diseases  of  the  central 
nervous  system  where  the  nutrition  of  muscles 
and  joints  is  affected. 

Polyarticular  rheumatoid  arthritis  does  not 
consist  only  in  the  joint  changes  and  their 
results,  but  presents  other  clinical  features  of 
interest. 

The  temperature  is  usually  normal,  but  even 
in  the  less  acute  cases  may  show  irregular  even- 
ing rises  of  one  or  two  degrees,  with  occasional 
more  decided  fever.  Such  pyrexial  periods  may 
alternate  with  times  when  no  rise  is  noted,  and 
do  not  appear  to  be  connected  necessarily  with 
obvious  extension  of  the  disease. 

The  pulse  varies.  It  has  been  pointed  out 
by  Spender,  Dyce  Duckworth,  and  others,  that 
a  rapid  pulse  may  be  present,  and  the  former 
author  attaches  great  importance  to  the  fact, 
and  considers  it  to  be  of  very  frequent  occur- 
rence and  of  diagnostic  value.  He  speaks  of  a 
pulse-rate  of  110,  115,  120,  and  even  140  in 
apyrexial  cases,  and  in  association  with  coldness 
of  the  surface. 

The  opinion  of  clinical  observers  generally 
will  probably  be  that  such  decided  persistent 
rapidity  of  the  pulse  as  this  is  not  the  rule,  and 
it  is  an  undoubted  fact  that,  even  in  cases  show- 
ing slight  evening  fever,  the  pulse-rate  may  not 
rise  above  90  for  weeks  together.  In  some  cases 
there  is  irregularity  of  the  pulse,  and  it  tends  to 
become  temporarily  quickened  by  slight  causes. 

Anaemia  is  present  in  most  cases  to  a  greater 
or  less  extent.  It  is  usually  moderate  in  degree, 
persistent,  and  not  easily  amenable  to  treatment. 
In  some  cases  the  anaemia  is  very  striking.  The 
hsemoglobin  value  of  the  individual  red  corpviscle 
is  reduced,  and  there  may  be  some  relative 
increase  of  white  cells.  The  presence  of  anemia 
is  considered  by  some  writers  as  evidence  of 
bacterial  toxsemia.  Bouchard  gives  91  cases  of 
antemia  in  1000,  a  proportion  smaller  than 
experience  in  this  country  would  suggest. 

The  lymphatic  glands,  especially  those  of  the 
axilla  and  groin,  may  be  enlarged  in  certain 
cases  in  adults.  Bannatyne  states  that  he  has 
found  a  chain  running  up  from  affected  joints. 
He  has  never  found  an  enlarged  spleen.  Still 
and  others  mention  enlargement  of  glands  in 
children,  especially  those  of  the  axilla  and  groin. 
In  children  the  spleen  is  enlarged  in  one,  at  least, 
of  the  conditions  called  rheumatoid  arthritis. 

The  state  of  the  patient  as  regards  ^awi  varies 
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greatly  in  different  cases,  and  at  different  times 
in  the  same  case.  Pain  is  often  severe  and 
persistent,  worse  at  night,  and  aggravated  by 
movement  and  by  changes  in  the  weather.  In 
other  cases  the  patient  complains  chiefly  of 
great  stiffness  of  joints,  especially  after  sleep 
or  resting.  Rarely  true  neuralgia  of  a  severe 
type  is  present,  and  in  those  cases  the  bouts  of 
pain  have,  in  the  writer's  experience,  tended 
to  occur  in  the  night  after  a  first  sleep.  In 
Bouchard's  analysis  of  1000  cases  neuralgia 
occurred  in  30. 

Stiffness  of  joints  may  be  an  early  sign,  and 
frequently  appears  before  pain  is  complained 
of.  It  should  always  suggest  the  possibility 
of  rheumatoid  arthritis. 

Evidence  of  trophic  or  vaso-motor  changes  of 
the  skin  is  common.  The  skin  of  the  hands  and 
feet  may  be  cold,  blue,  and  clammy,  and  a  com- 
bination of  cold  hands  and  feet,  with  profuse 
sweating  of  the  palms  and  soles,  is  striking  and 
characteristic.  Sweating,  either  general  or 
confined  to  some  one  area,  such  as  the  hands, 
feet,  upper  lip,  etc.,  is  common,  and  patients 
sometimes  complain  of  exhausting  nocturnal 
sweats.  The  skin  may  show  areas  of  definite 
atrophy,  especially  near  affected  joints,  such 
as  "glossy  skin."  There  may  be  patches  of 
congestion  and  distressing  sensations  of  burning 
or  pricking.  Spender  and  others  have  laid 
stress  on  pigmentation  of  the  skin.  It  is 
present  in  a  large  number  of  cases,  but  whether 
there  is  any  form  of  pigmentation  of  the  skin 
peculiar  to  rheumatoid  arthritis,  either  in  tint 
or  distribution,  is  perhaps  doubtful.  Pigmenta- 
tion occurs  in  connection  with  many  chronic 
diseases,  especially  those  associated  with  failure 
of  nutrition,  but  also  in  apparently  healthy 
subjects.  It  occurs  under  such  varying  patho- 
logical conditions  that  it  can  hardly  be  con- 
sidered as  diagnostic,  but  should,  perhaps,  be 
regarded  as  an  incident  in  numerous  conditions 
of  ill-health,  of  which  rheumatoid  arthritis  is  a 
notable  example.    Pigmentation  occurs  as — 

(a)  A  general  darkening  of  the  complexion, 
most  marked  usually  on  exposed  parts. 

(6)  As  large  patches  of  pigmentation  in 
various  parts,  of  irregular  shape,  uniform  in 
colour,  and  with  well-defined  edges. 

(c)  As  more  or  less  widely  spread  small 
patches  with  a  general  appearance  like  freck- 
ling, or  splashes  of  paint,  not  usually  most 
marked  on  exposed  parts,  but  on  the  trunk 
and  limbs,  especially,  sometimes,  on  parts 
exposed  to  pressure,  such  as  the  waist,  garter 
areas,  etc.  In  this  form  there  may  be  decided 
symmetry  in  the  arrangement  of  the  patches. 
The  tint  varies  from  pale  honey  shades  to  dark 
brown  or  black,  and  is  influenced  to  some  extent 
by  the  natural  complexion  of  the  patient. 

Bannatyne  mentions  the  occurrence  of  sub- 
cutaneous heemorrhagic  effusion,  and  also  under 
the  nails. 


The  nails  are  often  dull,  brittle,  and  show 
longitudinal  striations. 

(Edema  is  occasionally  present  either  in 
patches  near  joints  or  of  dependent  parts. 

Neuritis  may  occur  leading  to  severe  pain 
along  a  nerve  trunk,  and  followed  by  rapid 
wasting  of  the  muscles  supplied  by  it,  with 
loss  of  faradic  excitability.  When,  in  this 
disease,  loss  of  faradic  excitability  is  present, 
it  is  usually  restricted  to  one  or  more  muscles, 
and  is  probably  the  result  of  secondary  neuritis. 

Garrod  and  others  have  thought  psoriasis  was 
apt  to  occur  with  more  than  average  frequency 
in  association  with  rheumatoid  rheumatism. 

In  children  slight  exophthalmos  has  been 
noted. 

Bouchard  finds  dilatation  of  the  stomach  in  no 
fewer  than  273  cases  in  1000. 

The  condition  of  the  heart  is  a  subject  about 
which  a  good  deal  of  diversity  of  opinion 
exists.  Recent  work  has  revived  interest  in 
this  point,  but  a  definite  conclusion  is  difficult 
to  arrive  at. 

Garrod  considered  the  absence  of  cardiac  in- 
flammation as  one  of  the  most  important  diag- 
nostic features  of  rheumatoid  arthritis,  and  said 
he  had  never  traced  the  occurrence  of  peri- 
carditis or  endocarditis  in  this  disease.  Charcot 
believes  that  both  may  occur,  and  brings  post- 
mortem evidence  to  prove  the  existence  of 
endocarditis.  In  one,  at  least,  of  the  diseases 
called  rheumatoid  arthritis  in  children  there 
appears  to  be  a  remarkable  tendency  to  inflam- 
mation of  the  pericardium,  and  post-mortem 
examination  in  these  cases  shows  adherent 
pericardium  with  striking  frequency.  In  the 
account  of  a  post-mortem  examination  on  a 
patient  aged  thirty-seven  recently  published, 
it  is  stated  that  the  surfaces  of  the  pericardium 
were  adherent. 

In  acute  cases  there  may  be  clinical  evidence 
of  endocarditis  or  pericarditis.  Bannatyne 
publishes  two  cases  {B^-it.  Med,  Jour.  1898) 
in  which  these  complications  were  a  marked 
feature.  In  one  case  observed  by  the  writer 
there  was  pericardial  effusion.  In  the  larger 
number  of  cases  no  clinical  signs  of  heart 
complications  are  pi'esent,  but  in  some  there 
are  well-marked  cardiac  murmurs.  These  have 
hitherto  been  ascribed  to  the  results  of  previous 
attacks  of  true  rheumatism.  In  some  cases,  no 
doubt,  this  explanation  is  the  correct  one,  in 
others  no  evidence  supports  it.  It  is  possible 
that  when  the  significance  of  acute  attacks  is 
more  generally  appreciated,  an  illness  which 
formerly  would  have  been  ascribed  to  acute 
rheumatism  will  be  regarded  as  acute  rheum- 
atoid arthritis. 

It  is  worthy  of  note  that  in  enumerating 
the  diseases  associated  with  "chronic  articular 
rheumatism,"  in  1000  cases  Bouchard  records 
no  fewer  than  60  cases  of  aortic  disease,  and  91 
of  hypertrophy  of  the  heart.     These  figures 
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suggest  the  need  of  further  observation  of 
heart  conditions  in  this  disease. 

The  urine  usually  presents  no  important 
changes  from  the  normal.  Angel  Money  found 
excess  of  urea  and  uric  acid,  and  occasionally 
glycosuria.  Drackmann  and  Bocker  both  found 
diminution  of  phosphates.  Schiiller  constantly 
finds  a  diminution  of  calcium  salts  and  earthy 
phosphates,  a  low  specific  gravity,  and  a  reaction 
either  faintly  acid  or  neutral  in  the  variety  he 
calls  arthritis  deformans,  i.e.  where  bones  rather 
than  soft  parts  are  chiefly  affected.  Van 
Noorder,  RumpfF,  and  others  have  noted  similar 
changes,  and  Schiiller  considers  them  charac- 
teristic. Bain  {Edin.  Med.  Journal,  1900) 
analysed  the  urine  in  one  case  only,  and  found 
diminished  excretion  of  uric  acid. 

Occasional  accompaniments  of  rheumatoid 
arthritis,  which  have  received  a  good  deal  of 
study,  and  which  frequently  occur  in  the  same 
subject,  are — - 

(a)  A  chronic  bursitis  with  thickening  of  the 
walls  of  the  bursa,  and  some  fluid  effusion. 
This  is  well  seen  in  the  bursa  over  the  olecranon, 
and  may  be  present  near  joints  in  both  the 
upper  and  lower  extremities. 

(b)  Subcutaneous  fibrous  nodules,  resembling 
in  some  respects  the  nodules  which  occur  in 
true  rheumatism.    Fig.  5  shows  both  these  con- 


Fia.  5. 

ditions  in  a  marked  degree.  The  bursa  over  the 
olecranon  on  both  sides  formed  a  visible  tumour, 
and  its  walls  were  greatly  thickened.  Several 
hard  bodies  could  be  felt  within  its  cavity.  The 
swellings  were  painless,  and  had  always  been  so. 

The  smaller  swellings  were  due  to  sub- 
cutaneous fibrous  nodules,  oval,  flattened,  pain- 
less, and  freely  movable. 

These  nodules  differ  from  those  characteristic 
of  true  rheumatism  in  certain  particulars. 

1.  They  appear  in  late  life. 

2.  They  persist  longer  than  is  usual  with 
those  of  acute  rheumatism.  In  the  patient 
shown  in  Fig.  5  the  nodules  are  known  to  have 
remained  unaltered  for  three  years. 

3.  The  history  of  acute  rheumatism  is  not 
usually  obtained,  nor  is  there  any  evidence 
pointing  to  its  presence,  or  to  the  presence  of 
active  and  progressive  cardiac  complications. 


While  in  hospital  the  patient  referred  to 
above  developed  a  new  nodule  on  the  right 
olecranon.  It  was  at  first  the  size  of  a  hemp 
seed,  decidedly  tender  on  pressure,  and  grew 
very  slowly.  It  felt  precisely  like  a  true  rheu- 
matic nodule.  In  this  case  the  nodules  were 
confined  to  the  arms.  There  was  no  history  of 
acute  rheumatism. 

Ganglion-like  distention  of  the  sheaths  of  the 
tendons  of  the  muscles  of  the  hands  have  been 
described. 

The  course  varies  within  very  wide  limits. 
The  disease  may  progress  with  appalling  rapidity, 
one  joint  after  another  being  quickly  involved, 
until  the  patient  becomes  a  helpless  cripple, 
unable  to  walk,  stand,  or  feed  himself,  and  with 
many  joints  fixed  and  useless.  Such  severe 
cases  occur  usually  in  younger  patients. 

The  affection  may  be  much  less  acute  than 
this,  and  for  years  after  the  nature  of  the  illness 
is  recognisable  the  patient  is  able  to  live  an 
ordinary  life,  complaining  only  of  pain,  stiffness, 
and  some  disfigurement  of  joints.  The  activity 
of  the  affection  varies  at  different  times,  and 
conditions  affecting  the  general  health  adversely 
also  make  the  joints  worse. 

In  some  cases  in  elderly  subjects  no  complaint 
of  pain  is  made,  though  the  hands  show  to  a 
typical  degree  the  bony  changes  which  have 
been  described,  and  are  markedly  deformed. 
There  is  no  evidence  that  such  hands  have  ever 
passed  through  a  stage  when  there  was  spindle- 
shaped  swelling  of  the  joints  of  the  fingers  or 
pain.  The  patients  have  usually  laboured  hard, 
and  the  hand  presents  the  character  which 
Lane  has  described  as  mechanical  or  traumatic 
arthritis.  Washerwomen  exhibit  this  condition 
typically. 

(b)  Acute  Polyarticular  Rheumatoid  Arthritis 
The  occurrence  of  an  acute  form  has  long 
been  known  and  its  clinical  characters  described. 
Later  work  has  emphasised  the  importance  of 
this  variety  of  the  disease,  and  it  has  received 
careful  study,  especially  as  regards  etiology, 
since  the  possible  bacterial  origin  of  rheumatoid 
arthritis  has  engaged  the  attention  of  authors. 

Although  no  hard-and-fast  line  can  be  drawn 
between  this  form  and  the  more  acute  cases 
of  the  so-called  chronic  variety,  certain  features 
are  worthy  of  attention. 
As  regards  etiology. 

Age. — It  occurs  before  middle  life,  chiefly 
in  children  and  in  young  adults,  but  is  not 
unknown  later.  The  case  shown  in  Fig.  1  began 
at  thirty-nine. 

It  is  a  notable  fact  that  some,  at  least,  of  the 
cases  occur  in  definite  association  with  septic 
infection.  Suppurative  tonsillitis,  otitis  media, 
suppuration  in  bone,  behind  the  plate  of  false 
teeth,  and  gonorrhoea,  have  been  present  in 
the  history  of  these  cases.  The  influence  of 
pyorrhoea   alveolaris   and    other    septic  con- 
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ditions  of  the  mouth  in  the  production  of 
disease  has  been  insisted  on  by  Hunter  and 
others,  and  it  is  possible  that  oral  sepsis  may 
not  be  without  importance  in  this  connection. 
In  one  acute  case  in  a  girl  of  twenty  recently 
under  the  writer's  observation  the  gums  and 
buccal  mucous  membrane  were  in  a  highly 
septic  condition. 

The  clinical  characters  of  the  acute  cases  are 
as  follows  : — 

The  onset  is  sudden,  or  at  least  definite — the 
patient  can  give  a  precise  account  of  the 
beginning  of  the  illness. 

There  is  decided  fever,  the  temperature 
rising  to  101°,  102°,  or  even  higher  each  night. 
The  affected  joints  are  painful,  tender,  and 
swelled — there  is  effusion  of  fluid  into  them. 

So  far  the  resemblance  to  acute  rheumatism 
is  close,  but  the  following  points  will  help  to 
distinguish  this  affection. 

The  joints  affected  are  usually  the  smaller 
joints,  and  there  is  not  the  same  tendency  to 
migration  which  is  characteristic  of  the  arthritis 
of  true  rheumatism.  The  joints  attacked  do 
not  return  to  the  normal,  but  further  changes 
develop  in  them,  and  the  spindle-shaped  swell- 
ing of  the  finger  joints  already  described  quickly 
appears.  The  following  case  is  a  characteristic 
example  of  this  affection  :  — 

Woman.  Aged  twenty-six.  Married.  One 
child. 

Previous  health  good,  but  for  six  months 
before  present  illness  the  patient  had  repeated 
attacks  of  tonsillitis  with  "  gatherings  "  on  the 
tonsil.  She  was  suddenly  attacked  with  joint 
pains,  the  finger  joints  and  wrists  were  affected, 
and  later  the  shoulder  and  knee. 

When  admitted  to  hospital  the  proximal 
inter -phalangeal  joints  of  the  fingers  were 
swelled,  painful,  and  contained  fluid.  Tempera- 
ture 101°;  pulse  90. 

There  was  a  soft  systolic  bruit  to  be  heard 
at  the  apex. 

The  patient  was  treated  by  salicylates  with 
little  benefit,  and  the  hands  quickly  showed 
characteristic  changes,  such  as  are  described 
above,  and  illustrated  in  Fig.  1. 

She  left  the  hospital  after  six  weeks'  stay 
with  these  changes  distinctly  present  in  the 
hands  and  wrists,  with  no  evening  temperature, 
and  with  the  cardiac  bruit  still  audible ; 
pulse  80. 

There  was  no  history  of  a  previous  attack 
of  acute  rheumatism  in  this  case. 

2.  Localised,  Senile,  or  Monarticular 
Arthritis 

In  this  variety  of  joint  affection  there  are 
clinical  points  which  mark  it  off  in  a  striking 
way  from  the  other  varieties  which  have  been 
described.  So  decided  are  the  differences, 
indeed,  that  they  are  more  evident  than  the 
points  of  likeness. 


The  disease  is  essentially  a  local  affection, 
has  little  tendency  to  symmetrical  arrangement, 
and  none  to  become  generalised.  It  attacks 
those  in  late  middle  life  or  in  old  age.  There 
is  no  pyrexia  or  evidence  of  constitutional  dis- 
turbance. It  frequently  follows  upon  injury, 
and  is  more  common  in  men  than  in  women. 
The  larger  joints  near  the  trunk,  the  hip,  and 
the  shoulder  especially,  are  most  apt  to  suffer — 
a  fact  which  contrasts  sharply  with  the  localisa- 
tion of  the  generalised  polyarticular  form,  in 
which  the  small  peripheral  joints,  more  particu- 
larly those  of  the  hands,  are  attacked  with  a 
frequency  so  great  as  to  constitute  a  diagnostic 
feature.  The  affection  is  usually  localised  in 
one  joint,  but  occasionally  the  corresponding 
joint  on  the  opposite  side  may  be  affected  in  a 
lesser  degree. 

When  the  hip  is  the  joint  affected  there  is 
pain,  stiffness,  and  limitation  of  movement. 
The  patient  walks  lame,  and  finds  it  difficult  or 
impossible  to  cross  one  leg  over  the  other. 
The  amount  of  actual  change  in  the  joint 
detected  by  examination  varies.  In  muscular 
or  fat  subjects  the  hand  may  detect  little, 
but  limitation  of  movements  and  possibly  some 
deep-seated  grating,  or  shortening  and  eversion 
of  the  limb  may  be  made  out.  In  thin  subjects 
definite  changes  in  the  anatomical  outline  of 
the  joint  can  usually  be  felt,  with  irregularities 
due  to  bony  changes,  the  "  condyloid  crests  "  of 
Hutchinson. 

In  the  neighbourhood  of  such  joints,  as  also 
in  connection  with  Charcot's  disease,  the  cysts 
described  by  Morant  Baker  may  be  present. 

In  the  case  of  the  shoulder,  where  the  joint 
is  more  within  reach  of  examination,  changes 
in  the  articiilar  surfaces  can  often  be  readily 
made  out. 

It  is  not  certain  whether  the  enlargement  of 
the  normal  prominences  on  both  sides  of  the 
terminal  phalanges  of  the  fingers  on  their 
dorsal  surface,  called  Heberden's  nodes,  should 
be  described  in  this  place.  If  they  are  to  be 
included  at  all  among  the  manifestations  of 
rheumatoid  arthritis,  it  seems  suitable  that  they 
should  rank  with  the  most  chronic  forms  in- 
cluded under  this  group.  They  occur  alone, 
or  in  association  with  the  monarticular  or  very 
chronic  generalised  forms,  rather  than  with  the 
more  acute  disease,  and  may  be  conspicuously 
absent  when  the  other  finger  joints  show  de- 
cided spindle-shaped  swelling.  There  is  seldom 
much  pain,  but  tlie  joint  may  be  stiff  and  the 
disfigui"ement  considerable.  Deflexion  of  the 
terminal  phalanx  to  the  radial  side  is  a  common 
deformity.  Great  difference  of  opinion  has 
existed  among  authors  as  to  the  pathology  of 
these  little  growths,  which  have  been  variously 
regarded  as  of  a  gouty  nature,  or  as  due  to  rheu- 
matoid arthritis.  They  certainly  occur  in  the 
chronic  forms  of  rheumatoid  artin-itis,  and  have 
been  found  also  where  there  is  a  gouty  history. 
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Garrod  states  that  he  has  never  seen  them  in 
true  gout,  and  they  have  little  in  common  with 
any  other  known  result  of  gout. 

Still  has  twice  seen  similar  nodosities  in  chil- 
dren with  congenital  syphilis. 

It  is  noteworthy  that  Bouchard  quotes  the 
diseases  associated  with  Heberden's  nodes  in 
1000  cases,  and  rheumatoid  arthritis  does  not 
occur  in  this  list. 

Much  light  is  thrown  upon  the  production  of 
permanent  changes  in  the  joints  of  the  elderly 
by  the  well-known  writings  of  Arbuthnot  Lane. 
He  does  not  accept  the  view  that  the  changes 
are  due  to  disease,  but  believes  them  to  be 
"produced  mechanically  and  in  obedience  to 
simple  general  laws."  It  is  difficult  to  trace  to 
this  cause  the  acute  forms  of  rheumatoid  arthri- 
tis— those  associated  with  fever,  with  effusion 
into  joints,  and  with  the  characteristic  changes 
which  are  included  in  Schtiller's  definition  of 
arthritis  chronica  villosa.  It  is  possible  that  a 
further  classification  will  be  adopted,  and  a 
distinction  as  regards  pathology  will  be  drawn 
between  such  cases  as  are  included  in  Lane's 
description  and  the  more  acute  generalised  forms. 
Changes  similar  to  those  described  by  Lane  are 
found  in  the  lower  animals,  notably  in  old  horses 
which  have  laboured  heavily.  Whether  the 
acute  form  occurs  in  the  lower  animals  is  doubt- 
ful, and  Bannatyne  suggests  that  the  failure  of 
inoculation  experiments  may  be  due  to  the  fact 
that  the  animals  subjected  to  experiment  were 
immune,  and  that  rheumatoid  arthritis  as  an 
acute  affection  does  not  occur  in  them. 

Morbid  Anatomy.  — The  changes  in  the  interior 
of  a  joint  aff'ected  by  rheumatoid  arthritis  are  as 
follows : — 

(a)  The  articular  cartilage  is  affected  early — 
some  think  it  is  the  primary  change — the  surface 
loses  its  polish,  becomes  dull  and  velvety,  owing 
to  splitting  of  the  matrix  into  fine  vertical 
fibrillfe,  and  destruction  and  disappearance  of 
cartilage  cells.  The  change  is  most  marked 
towards  the  centre  of  the  cartilage,  and  may 
extend  and  deepen  until  in  the  central  part  its 
whole  thickness  is  destroyed,  and  the  head  of 
the  bone  beneath  laid  bare.  In  addition  to  this 
disintegration  a  process  of  irregular  formation 
takes  place  at  the  periphery  of  the  articular 
cartilage,  leading  to  the  lipping  or  nodulation 
common  in  later  stages.  In  these  out-growths 
bone  may  afterwards  be  deposited  and  osteo- 
phytes formed.  This  over-growth  is  considered 
by  Cornil  and  Ranvier  to  be  due  to  the  fact  that 
the  outer  edge  of  the  cartilage  is  overlapped  by 
folds  of  synovial  membrane,  which  prevent  the 
escape  of  cartilage  cells  into  the  cavity  of  the 
joint.  Probably,  also,  the  mode  in  which  pres- 
sure is  transmitted  through  the  joint  determines 
the  site  of  greatest  destruction  of  cartilage — the 
cartilage  being  destroyed  chiefly  "  at  the  point 
of  greatest  stress."  In  old-standing  cases  the 
articular  cartilages  may  be  absorbed,  and  even 


the  inter-articular  cartilages,  in  such  joints  as 
the  knee,  wrist,  or  jaw. 

(6)  The  bone  beneath  shows  a  thin  layer  of 
greatly  increased  density  ;  it  is  smooth,  polished, 
and  ivory-like  (eburnated).  Its  surface  may  be 
more  or  less  deeply  furrowed  by  the  steady 
friction  of  prominences  on  the  opposite  bone. 
The  lipping  and  the  position  of  osteophytes  may 
more  or  less  completely  destroy  the  mobility  of 
the  joint,  or  alter  its  mechanism  so  as  to  render 
possible  movements  which  could  not  be  per- 
formed by  the  normal  joint.  The  osteophytes 
themselves  may  be  worn  away  or  eburnated. 

The  joint  may  be  fixed  by  true  bony  anky- 
losis, which  occurs  in  the  spinal  column.  In 
affected  joints  where  the  cartilage  is  destroyed 
the  articular  surfaces  have  been  described  as 
united  by  bridges  of  cancellous  bone  easily 
broken  down  by  slight  pressure.  Fibrous  anky- 
losis of  joints  is  not  uncommon,  but  true  bony 
ankylosis  in  the  joints  of  the  limbs  is  not 
the  rule.  It  is  only  likely  to  occur  in  bed- 
ridden patients  whose  joints  are  at  rest  and 
much  disorganised. 

If  the  head  of  the  bone  is  sawn  through  it  is 
seen  to  be  of  an  unusually  spongy  consistence, 
and  to  contain  a  large  proportion  of  oily  matter, 
as  if  from  a  species  of  fatty  degeneration. 

The  condition  of  the  synovial  membrane  is 
variously  described.  In  a  joint  showing  the 
above  changes  both  the  synovial  membrane  and 
the  fibrous  capsule  of  the  joint  will  be  greatly 
thickened,  its  fringes  hypertrophied,  and  many 
will  be  seen  to  have  undergone  fatty  changes, 
or  to  contain  cartilaginous  or  osseous  masses. 
These  may  become  detached  and  form  loose 
bodies  in  the  joint.  The  bursse  near  joints  may 
show  marked  thickening  of  their  capsules,  and 
form  decided  swellings,  and  may  contain  hard 
bodies  in  their  cavities.  This  is  common  in  the 
bursa  over  the  olecranon  (Fig.  4).  Bursae  may 
entirely  disappear.  In  two  shoulder  joints  from 
the  same  subject  lately  examined  by  the  writer 
the  subacromial  bursse  had  entirely  disappeared, 
and  the  head  of  the  humerus  articulated  directly 
with  the  upper  part  of  the  glenoid  fossa  and 
with  the  acromion.  The  ligaments  of  the  joint 
may  become  thickened  or  stretched  and  elon- 
gated. Tendons  entering  into  the  structure  of 
the  joint  may  be  entirely  or  partially  destroyed, 
such  as  the  ligamentum  teres  of  the  hip,  or 
the  biceps  tendon  of  the  shoulder.  The  mus- 
cles about  joints  may  find  new  attachments 
to  capsule  or  ligaments  rather  than  to  bony 
points.  This  was  the  case  in  the  shoulder  joints 
already  mentioned. ^ 

Suppuration  is  of  extreme  rarity,  though  a 
few  cases  are  on  record,  and  in  one  remarkable 
case  under  the  care  of  the  writer  a  condition 
resembling  pyaemia,  with  suppuration  in  many 
joints,  supervened  while  the  patient  was  under 

^  For  the  opi)ortiinity  of  examining  these  joints  the 
writer  is  indebted  to  Miss  Stoney,  M.  D. 
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observation  in  hospital.  No  cause  capable  of 
producing  pysemia  was  discovered.  Effusion  of 
blood  into  the  joint  is  referred  to  by  Goodhart. 

The  above  description  can  hardly  be  con- 
sidered to  apply  with  any  closeness  to  a  large 
number  of  cases  of  acute  onset  and  rapid  course, 
which,  clinically,  do  not  present  the  features 
which  are  detailed  above.  Bony  out-growth 
and  deformity  are  absent  in  such  joints,  and 
their  absence  is  evident  not  only  to  the  fingers 
of  the  examiner,  but  also  by  the  more  convincing- 
test  supplied  by  the  X-rays.  A  skiagram  from 
such  a  case  is  described  and  figured  byBannatyne. 

A  description  of  the  joint  tissues  removed  by 
operation  has  been  given  in  detail  chiefly  by 
Continental  writers,  and  it  throws  an  important 
light  on  certain  features  of  the  disease.  Schiiller, 
of  Berlin,  has  described  the  appearances  in 
joints  operated  on  by  himself.  He  proposes  to 
call  a  group  of  cases  which  he  believes  to  have 
distinctive  features  "  Arthritis  chronica  villosa," 
and  reserves  for  chronic  cases  with  changes  in 
the  bone  and  cartilage  the  name  Arthritis 
deformans. 

The  essential  feature  in  the  former  is  chronic 
inflammatory  over-growth  of  the  synovial  mem- 
brane, with  the  formation  of  fringes  and  tufts 
much  larger  and  more  massive  than  in  normal 
joints,  or  in  those  the  seat  of  other  inflammatory 
processes. 

In  freshly  opened  joints  the  synovial  mem- 
brane shows  red,  swollen,  and  highly  vascular. 
He  has  never  found  in  these  cases  the  changes 
of  the  cartilage  characteristic  of  arthritis  de- 
formans. In  this  form,  and  in  this  form  only, 
he  found  a  peculiar  bacillus  in  the  villi,  to  be 
described  later.  It  is  interesting  to  remember 
in  this  relation  Bannatyne's  statement  in  1898, 
that  his  bacillus  was  found  only  in  the  acute 
polyarticular  cases  with  soft  synovial  enlarge- 
ment, and  not  in  the  chronic  cases  with  out- 
growth of  bone  and  lipping. 

Schiiller  considers  that  the  change  in  the 
contour  of  the  joint  in  the  group  he  calls 
polyarthritis  chronica  villosa  is  due  entirely  to 
the  chronic  inflammatory  thickening  and  ex- 
tensions of  the  synovial  membrane  caused  by 
the  invasion  of  a  peculiar  bacillus,  and  not  at 
all  to  bony  changes.  The  chief  changes  in  the 
joint  in  the  group  he  calls  arthritis  defor- 
mans are,  on  the  other  hand,  in  the  articular 
cartilage,  and  depend  on  prolific  over-growth 
of  cai'tilage  cells,  swelling  of  cell  spaces,  and 
splitting  up  and  wearing  away  of  the  cartilage 
at  friction  and  pressure  points,  with  out-growth 
of  cartilaginous  or  bony  tissue  at  the  periphery. 
In  this  variety  the  synovial  membrane  forms 
villi,  but  these  are  less  massive  and  much  less 
vascular.  They  show  the  character  of  chronic- 
ally inflamed  connective  tissue,  and  the  bacilli 
present  in  the  other  form  are  absent. 

Schiiller  confirms  the  observation  that  ex- 
amination by  Rbntgen  rays  shows  the  absence 


of  bony  changes  in  arthritis  chronica  villosa 
and  their  presence  in  arthritis  deformans.  He 
regards  the  two  affections  as  different  in  path- 
ology and  in  clinical  characters. 

Examination  with  X-rays  has  shown  that  the 
bones  in  rheumatoid  arthritis  may  look  fragile, 
as  if  atrophied,  and  are  more  penetratable  by 
the  rays  than  is  normal.  Similar  changes  were 
noted  by  Adams  from  observations  of  bones 
after  death. 

Still  describes  the  post-mortem  appearances 
of  joints  in  three  children,  the  subjects  of 
rheumatoid  arthritis,  at  the  Hospital  for  Sick 
Children.  In  two  there  was  marked  thickening 
and  vascularity  of  the  synovial  membrane, 
capsule,  and  ligaments.  Fibrillation  of  cartil- 
age, eburnation  of  bone,  and  osteophytic  out- 
growths were  quite  absent.  The  changes 
resemble  those  in  the  arthritis  chronica  villosa 
of  Schiiller. 

Beyond  the  joint  changes  morbid  anatomy 
shows  little  that  is  distinctive  or  constant. 

The  muscles  show  well-marked  but  not  uniform 
atrophy,  some  fibres  being  more  aff"ected  than 
others  (Debove). 

Peripheral  neuritis  has  been  present  in  some 
cases,  and  Pitres  and  Vailliard  consider  it  is 
constant  when  there  are  trophic  changes  in  the 
skin  and  muscles. 

In  certain  forms  of  the  disease  in  children 
adherent  pericardi^im  is  found  with  striking 
frequency  (Still),  and  its  presence  in  adults  also 
has  been  noted  (Bannatyne,  A.  E.  Garrod). 
Valvular  disease  is  present  in  some  cases,  but 
hitherto  its  occurrence  has  been  considered 
accidental,  and  as  the  result  of  previous  attacks 
of  true  rheumatism. 

Pathology. — The  pathology  of  rheumatoid 
arthritis  is  a  subject  about  which  the  most 
diverse  views  have  been  from  time  to  time  held 
by  observers  of  repute. 

Charcot  and  many  French  writers  have 
believed  that  the  aff'ection  has  close  affinities 
with  true  rheumatism,  of  which  it  is  a  chronic 
variety. 

Jonathan  Hutchinson  regards  the  disease  as 
the  result  of  a  combination  of  the  rheumatic 
and  gouty  processes,  in  some  cases  one  pre- 
ponderating, and  in  some  the  other. 

Arbuthnot  Lane's  views  have  already  been 
referred  to.  He  believes  that  the  joint  changes 
are  due  to  merely  mechanical  causes — that  they 
are  essentially  local  and  traumatic  in  origin. 
The  theory  that  impaired  nutrition  of  joints  is 
the  underlying  factor  in  the  production  of  the 
lesions  characteristic  of  the  disease  has  had  wide 
acceptance. 

Many  writers  have  accepted  the  theory  of  an 
arthritic  diathesis,  by  which  is  meant,  as  defined 
by  Hutchinson,  a  bodily  condition  which  renders 
a  person  liable,  at  some  time  and  under  suitable 
provocation,  to  become  the  subject  of  active 
arthritic  manifestations. 
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Pye  Smith  believes  the  change  to  be  of  a 
senile  nature. 

Ord  has  referred  the  joint  affection  to  peri- 
pheral irritation  from  such  various  sources  as 
acute  rheumatism,  gout,  traumatism,  gonorrhoea, 
and  utero-ovarian  disorders,  the  cord  being  in  a 
condition  of  excessive  irritability  due  to  ansemia, 
general  exhaustion,  or  the  climacteric.  This 
theory  regards  the  joint  affection  as  the  result 
of  reflex  irritation  of  the  cord  rather  than  of 
definite  structural  change. 

That  joint  affections  do  arise  in  connection 
with  gross  cord  lesions  is  shown  by  the  occur- 
rence of  Charcot's  disease  in  tabes,  and  by  the 
trophic  joint-changes  in  syringomyelia. 

The  presence  of  atrophy  of  muscles,  often 
extreme,  and  other  associated  symptoms,  such 
as  abnormal  sweating,  pigmentation  of  skin, 
numbness  and  tingling,  glossy  skin,  are  im- 
portant evidences  of  nervous  influence. 

FoUi  in  2  cases  found  some  wasting  of  the 
cells  of  the  anterior  cornua  of  the  cord,  and  in 
a  few  cases  changes  in  the  peripheral  nerves 
have  been  seen.  It  is,  however,  a  fact  of  over- 
whelming weight  that  no  lesion  of  the  cord  or 
nerves  has  been  found  constantly  which  is 
capable  of  explaining  the  condition  of  the  joint 
or  muscle.  Atrophy  of  muscles  occurs  also  in 
other  joint  aifections  (tubercular  and  gonor- 
rhoeal),  in  which  no  question  of  a  central  origin 
is  raised. 

It  has  been  suggested  that  the  nervous  pheno- 
mena are  due  to  the  effect  on  nerve  tissue  of 
toxins  circulating  in  the  blood  produced  by 
micro-organisms  in  the  joints.  The  evidence 
on  which  this  theory  is  based  is  briefly  as 
follows : — 

(a)  That  acute  cases  have  points  of  resem- 
blance to  microbic  diseases. 

(b)  That  acute  cases  have  followed  closely 
some  infective  illness,  such  as  scarlatina,  in- 
fluenza, acute  tonsillitis,  otitis  media,  suppura- 
tion behind  a  dental  plate,  bone  disease,  gonor- 
rhoea. 

(c)  That  micro-organisms  have  been  found 
in  the  joints  by  Schiiller,  Bannatyne  and 
Wohlmann,  Chauffard  and  Ramond,  von  Dun- 
gern  and  Schneider,  and  others,  which  are  con- 
sidered by  them  to  be  the  cause  of  the  disease. 

It  is  probable  that  previous  infective  diseases, 
such  as  those  enumerated,  "play  some  im- 
portant part  in  predisposing  the  tissues  to  afford 
an  entrance,  as  well  as  a  suitable  nidus  for  the 
development  of  the  bacteria "  (Bannatyne). 
If  acute  rheumatism  comes  to  be  included 
among  the  infective  illnesses,  as  is  in  the  highest 
degree  probable,  the  significance  of  its  occur- 
rence in  relation  to  rheumatoid  arthritis  would 
be  rendered  clearer. 

If  the  origin  of  rheumatoid  arthritis  be  bac- 
terial it  may  be  due — 

(a)  To  a  specific  microbe  in  the  joint,  the 
secondary  symptoms  (atrophy,  etc.)  being  due 


to  the  action  of  its  poisons  circulating  in  the 
blood. 

(0)  To  an  intoxication  due  possibly  to  a 
variety  of  infections,  i.e.  that  of  gonorrhoea, 
rheumatism,  pysemia,  etc. 

Bannatyne,  working  with  Wohlmann  and 
Bloxall,  found  a  very  minute  organism  in  the 
synovial  fluid,  membranes,  cartilage,  and  bony 
debris,  and  rarely  in  the  blood.  It  is  a  bacillus 
measuring  2  /x  to  6  /a.  It  stains  deeply  at  the 
two  ends,  the  intervening  portion  remaining 
unstained.  It  may  be  stained  by  gentian 
violet,  methyl  violet,  or  carbolic  fuchsin,  but 
staining  requires  care.  It  grows  best  in  peptone 
meat  broth,  and  in  culture  has  the  appearance 
of  gold  dust.  It  grows  also  in  milk,  on  agar- 
agar,  and  Loeffler's  serum.  Inoculation  experi- 
ments have  not  been  satisfactory.  This  organ- 
ism has  been  found  in  no  other  joint  aff'ection, 
but  has  been  found  by  Bannatyne  in  practically 
every  case  examined  of  rheumatoid  arthritis  of 
the  acute  polyarticular  variety.  Bannatyne  did 
not  find  it  in  the  chronic  variety  with  lipping 
and  bony  outgrowth. 

Chauffard  and  Ramond  found  a  micro-organ- 
ism short  and  thin,  a  diplo- bacillus,  having 
much  the  appearance  of  a  diplo-coccus.  It 
stains  with  difficulty,  and  grows  only  in  syn- 
ovial fluid.    Inoculation  produces  no  results. 

Von  Dungern  and  Schneider  obtained  eight- 
een hours  after  death  an  organism  from  the 
fluid  of  the  knee,  wrist,  and  other  joints,  and 
also  from  the  mucus  of  the  gall-bladder.  The 
organism  was  a  small  micrococcus  closely  re- 
lated to  B.  lanceolatus.  Injected  into  the  knee 
joint  of  rabbits  it  produced  lesions  similar  to 
those  in  the  joints  from  which  it  was  taken. 
The  authors  regard  this  organism  as  the  chief 
cause  of  chronic  arthritis  in  the  case  described, 
and  believe  that  the  infection  was  from  a 
chronically  inflamed  gall-bladder.  It  took 
Gram's  stain,  and  grew  best  on  glucose  bouillon. 

Schiiller  finds  in  the  acute  form  only — the 
form  which  he  calls  arthritis  chronica  villosa — 
a  short  bacillus  with  polar  enlargement  2"6  fx 
by  -75  IX  broad.  It  stains  readily  by  ordinary 
methods,  especially  carbolic  fuchsin,  but  de- 
colorises easily.  It  grows  on  gelatine  at  25°  C, 
and  on  agar  as  a  greyish  film.  Schiiller  finds 
this  bacillus  in  the  synovial  tissue  and  fluid  of 
the  joint,  and  his  results  are  chiefly  obtained 
from  living  tissues  removed  by  operation.  It  is 
present  sometimes  in  company  with  micrococci, 
or  with  the  gonococcus.  He  has  not  found  the 
organism  in  the  chronic  form  with  bony  out- 
growth and  lipping,  for  which  he  reserves  the 
name  arthritis  deformans.  Cultures  of  this 
bacillus  have  been  injected  by  Schiiller  into  the 
joints  of  rabbits,  and  he  succeeded  in  producing 
the  same  villous  formations  in  the  synovial 
membrane  which  he  describes  in  the  human 
subject. 

Schiiller  states  that  for  the  last  fifteen  years 
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he  has  examined  the  urine  of  patients  with 
arthritis  deformans,  in  the  belief  that  the  bone 
changes  are  connected  with  disturbances  in  the 
secretion  of  bone  salts.  He  finds  the  calcium 
salts  and  earthy  phosphates  of  the  urine  dimin- 
ished. Further,  he  finds  an  increased  amount 
of  calcium  salts  in  the  cartilage  of  the  aff'ected 
joint. 

Another  view  as  to  the  source  of  toxins  is 
that  they  are  produced  in  the  intestinal  canal, 
especially  the  duodenum,  as  the  result  of  fer- 
mentative changes,  and  exert  a  poisonous  effect 
on  the  spinal  cord,  and  through  it  on  the  joints 
and  other  tissues.  This  theory  is  well  worth 
further  investigation. 

The  role  of  auto-infection  in  disease  is  prob- 
ably considerable,  and  in  the  intestine  the 
formation  of  noxious  substances  becomes  more 
abundant  under  a  variety  of  morbid  condi- 
tions. At  present  the  larger  number  of  the 
substances  formed  are  unknown  to  chemistry, 
and  the  subject  is  one  of  great  complexity. 

The  influence  of  septic  conditions  of  the 
mouth  deserves  more  investigation  than  it  has 
hitherto  received,  and  unhealthy  states  of  the 
oral  mucous  membrane  and  gums  are  un- 
doubtedly present  in  some  cases. 

This  imperfect  sketch  of  the  present  position 
of  the  pathology  of  the  disease  is  a  mere  note  to 
a  mass  of  available  material.  It  seems  clear  that 
further  classification  is  necessary  before  the 
subject  can  advance  towards  solution.  There  can 
be  no  doubt  of  the  importance  in  the  production 
of  the  disease  of  such  conditions  of  mind  and 
body  as  tend  to  reduce  vitality,  and  especially 
such  as  depress  the  nervous  health.  Depress- 
ing influences  are  probably  always  present  in 
addition  to  others  of  a  more  direct  kind. 

If  it  be  granted  that  organisms  are  a  caus- 
ative agent  in  the  arthritis  of  certain  types  of 
the  disease,  the  evidence  of  bacteriology  up  to 
the  present  time  seems  rather  to  favour  the 
idea  that  the  organism  is  not  specific,  but  that 
the  characteristic  inflammatory  changes  may  be 
brought  about  by  more  than  one. 

The  valuable  research  of  Poynton  and  Paine 
has  gone  far  to  establish  the  infective  nature  of 
rheumatic  fever,  and  has  identified  a  micro- 
organism which  is  capable  of  producing  in 
animals  the  phenomena  of  the  disease  with 
greater  exactness  than  in  earlier  experiments. 

The  subject  of  chronic  arthritis  has  recently 
been  under  discussion  by  the  Chelsea  Clinical 
Society  {Lancet,  i.  1901),  and  also  by  the  British 
Medical  Association  at  the  Annual  Meeting  at 
Cheltenham  {Brit.  Med.  Jour.  ii.  1901).  Dis- 
satisfaction with  current  theories  as  to  the 
origin  and  classification  of  the  various  forms  of 
chronic  arthritis  is  apparent  in  the  remarks  of 
speakers  in  both  discussions. 

At  the  Pathological  Society  of  London  {Brit. 
Med.  Jour.  i.  1902),  Poynton  and  Paine  re- 
ported a  successful  intravenous  inoculation  made 


by  them  with  a  diplococcus  isolated  and  culti- 
vated from  fluid  in  the  knee  joint  of  a  man  of 
sixty-seven  aff'ected  with  chronic  arthritis,  and 
who  had  died  of  carbolic  poisoning.  Arthritis 
without  cardiac  lesions  was  produced  in  two 
rabbits.  This  experiment  takes  one  step  further, 
the  probability  both  that  micro-organisms  may 
be  important  factors  in  the  production  of 
rheumatoid  arthritis,  and  also  that  more  than 
one  organism  may  be  capable  of  contributing 
to  the  production  of  the  chronic  inflammatory 
changes  in  the  joint  with  which  we  are  familiar. 

The  diagnosis  of  rheumatoid  arthritis  does 
not  in  a  well-marked  case  present  great  difficulty. 

1.  Chronic  gout,  ivith  crippling  of  joints  as 
the  resiilt  of  repeated  attacks  of  gouty  arthritis, 
may  present  some  difficulty  which  inquiry  into 
the  history  should  dispel.  The  deformities  of 
a  chronic  gouty  joint  may  bear  some  resemblance 
to  those  of  advanced  rheumatoid  arthritis,  but 
in  gout  chalk-stones  will  usually  be  present 
either  near  the  articulation  or  elsewhere  in  the 
body,  and  a  definite  history  of  acute  attacks 
will  be  obtained.  Gout  is  much  more  frequent 
in  males,  and  is  at  first  a  paroxysmal  disease, 
one  or  more  joints  being  attacked  acutely  from 
time  to  time,  with  intervals  of  immunity,  the 
great  toe  having  a  remarkable  liability  to  early 
attack.  Rheumatoid  arthritis  is  progressive 
from  the  first,  and  even  if  its  onset  be  acute, 
the  joint  affection  does  not  clear  up,  but 
steadily  increases  from  the  time  of  attack. 

Acute  articular  gout  is  a  decidedly  rare 
affection  in  women  of  the  present  day,  but  the 
immunity  of  even  young  women  cannot  be 
wholly  relied  on.  The  writer  is  acquainted 
with  an  acute  case  in  a  girl  of  nineteen. 

It  is  of  the  highest  importance  for  the 
patient's  welfare  that  so  serious  a  mistake 
should  be  avoided,  for  the  principles  of  treat- 
ment in  the  two  aff'ections  are  wholly  diff"erent, 
and  nothing  is  more  calculated  to  aggravate 
and  confirm  rheumatoid  arthritis  than  to  sub- 
ject the  suff'erer  from  it  to  a  regime  suitable 
for  the  treatment  of  gout. 

2.  Acute  rheumatism  may  be  closely  simulated 
by  acute  rheumatoid  artlaritis,  and  for  the  first 
few  days  the  distinction  may  be  impossible. 
The  points  which  are  most  helpful  are  : — 

{a)  The  joints  attacked  in  acute  rheumatoid 
arthritis  are  usually  the  small  peripheral  joints, 
and  there  is  no  tendency  to  rapid  migration 
from  one  to  another.  Those  first  attacked 
remain  affected,  and  soon  show  characteristic 
changes. 

{b)  Cardiac  complications  are  less  likely  to 
occur,  but  are  known.  In  adults  this  distinc- 
tion is  less  valuable,  as  cardiac  complications 
in  true  rheumatism  are  markedly  less  common 
in  them  than  in  children. 

3.  Chronic  rheumatism  is  a  condition  ill- 
defined  and  variously  understood.  That  most 
likely  to  be  confused  with  rheumatoid  arthritis 
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is  the  condition  called  by  Jaccoud  "  rheumatism 
fibreux."  His  cases  occurred  after  repeated 
attacks  of  acute  rheumatism.  Patients  com- 
plaining of  so-called  rheumatic  pains  have  usually 
a  history  of  true  rheumatism  in  themselves  or 
their  families,  or  are  the  subjects  of  rheumatoid 
arthritis. 

4.  GonorrJioeal  arthritis  presents  some  points 
of  decided  resemblance  to  rheumatoid  arthritis. 
It  does  not  migrate,  but  persists  in  the  joint  or 
joints  first  attacked,  and  the  temporo-maxillary 
joint  not  rarely  suffers.  It  is  more  common  in 
men,  and  the  larger  joints  are  attacked  rather 
than  the  smaller.  Suppuration  is  rare,  but  not 
unknown,  and  there  is  a  marked  tendency  to 
the  formation  of  fibrous  adhesions,  but  none  to 
bony  out-growth. 

Acute  myositis  has  been  recorded  in  this 
affection,  and  iritis  and  conjunctivitis  occur. 
In  women  a  history  of  gonorrhoea  is  elicited 
with  difficulty,  and  diagnosis  has  to  be  made 
by  exclusion,  if  at  all. 

5.  The  extreme  atrophy  of  muscles,  in  some 
cases  out  of  all  proportion  to  the  joint  affection, 
may  lead  to  a  diagnosis  of  progressive  muscular 
atrophy.  Ord  mentions  this  possible  resem- 
blance. Payne  thinks  there  is  comparatively 
slight  atrophy  of  the  thenar  and  hypothenar 
eminences,  and  hollowing  of  the  palm  in  rheu- 
matoid arthritis. 

6.  Bouchard  notes  the  occurrence  of  enlarge- 
ment of  the  base  of  the  second  phalanx  of  the 
fingers  in  association  with  dilatation  of  the 
stomach,  and  considers  this  affection  should  be 
separated  from  rheumatoid  arthritis. 

7.  Charcot's  joint  disease,  the  arthropathy 
of  tabes  dorsalis,  is  thought  by  some  writers 
to  have  the  same  pathology  as  rheumatoid 
arthritis,  the  suggestion  being  that  the  disease 
is  rheumatoid  arthritis  occurring  in  a  patient 
profoundly  debilitated  by  his  cord  disease. 
Clinically  striking  features  are  the  complete 
absence  of  pain  in  the  joint  in  association  with 
degenerative  changes  so  pronounced  that  its 
functions  are  in  abeyance.  Both  knees  may 
be  full  of  fluid,  and  so  disorganised  as  to  form 
complete  flails,  yet  no  pain  is  felt,  and  the 
patient  may  even  get  about  if  the  joint  is  fixed 
by  an  immovable  splint. 

8.  The  pain  and  rigidity  due  to  involvement 
of  the  vertebral  joints  have  been  mistaken  for 
spinal  caries,  and  some  care  is  needed  in  dis- 
tinguishing between  these  affections,  especially 
in  cases  where  caries  occurs  late  in  life. 

Prognosis. — The  joint  affection,  once  started, 
has  no  spontaneous  tendency  to  recover.  It  is 
essentially  chronic,  and  to  a  greater  or  less 
extent  progressive  in  its  course,  the  joint 
attacked  being  permanently  injured  or  com- 
pletely disorganised. 

Treatment  can  do  something  to  modify  the 
imfavourable  course  of  the  illness,  but  to  be 
effective  it  must  be  begun  early  and  continued 


with  untiring  patience.  When  a  joint  is 
crippled  and  distorted  by  gross  structural 
changes  treatment  can  do  but  little  to  restore 
it  to  the  normal ;  but  if  the  disease  be  recog- 
nised early,  before  such  changes  have  been 
produced,  much  can  be  done  in  many  cases 
to  prevent  their  appearance,  and  to  ameliorate 
the  condition  of  the  patient.  In  some  early 
cases  the  disease  may  be  completely  arrested. 

Treatment. — Garrod  laid  down  the  principle 
that  this  disease  must  be  treated  by  means  (a) 
calculated  to  improve  the  general  health,  by 
a  highly  nutritious  diet,  and  by  tonics,  especially 
such  tonics  as  have  a  direct  effect  on  the  ansemia, 
and  {b)  by  such  local  means  as  are  calculated 
to  improve  the  nutrition  of  the  joints,  and  to 
prevent  their  becoming  fixed  and  useless.  Of 
a  tonic  treatment  the  importance  cannot  be 
over-estimated,  and  possibly  a  more  hopeful 
view  of  the  disease  might  be  taken  if  it  came 
under  observation  earlier,  and  if  the  treatment 
were  always  such  as  is  suited  for  the  arrest  of 
the  disease. 

The  diet  should  be  as  nutritious  as  the 
patient  can  assimilate,  and  should  contain  a 
sufficient  quantity  of  red  meat,  in  any  form  in 
which  it  can  be  taken,  and  of  fats.  A  diet 
consisting  wholly  or  chiefly  of  meat  has  been 
used  extensively  in  this  disease,  and  is  considered 
by  some  to  be  of  service.  This  diet  is  based  on 
a  work  published  in  New  York  by  J.  H.  Salisbury. 
Where  the  digestion  of  farinaceous  food  is 
difficult,  and  apt  to  lead  to  excessive  fermenta- 
tion, a  diet  consisting  chiefly  of  meat  may  be 
useful,  but  it  is  not  suitable  to  all  patients, 
and  some  are  quite  unable  to  adopt  it,  and  lose 
weight  rapidly.  Probably  most  patients  will 
do  best  on  a  mixed  diet. 

Alcohol  is  useful  in  most  cases  in  moderate 
daily  amount,  and  with  food.  Sound  red  wines 
are  the  most  suitable,  but  malt  liquors  are  not 
contra-indicated  as  in  gout,  and  stout  is  some- 
times useful  if  it  can  be  digested. 

A  low  diet,  and  especially  the  limitation  of 
red  meat,  is  decidedly  contra-indicated,  and  has 
an  unfavourable  effect  on  the  course  of  the 
disease.  The  use  of  cream  and  butter  should 
be  encouraged. 

Digestion  and  appetite  are  often  impaired  in 
the  more  debilitated  patients,  and  feeding  them 
suitably  becomes  very  difficult. 

Clothing  should  be  light  and  warm — pre- 
ferably of  wool.  It  is  important  that  the 
extremities,  and  especially  the  affected  joints, 
should  be  carefully  protected  from  cold. 

Exercise  should  be  persevered  in  so  far  as 
possible,  though  not  to  the  extent  of  greatly 
increasing  pain  and  fatigue.  When  exercise 
becomes  difficult,  the  nutrition  of  the  muscles 
of  the  limb  should  be  kept  up  by  rubbing  or 
careful  passive  movements,  and  the  patient 
should  still  be  encouraged  to  use  it  as  much  as 
possible. 
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Fresh  air  is  of  benefit  to  these  patients. 
They  should  live  in  a  climate  where  outdoor 
life,  without  exposure  to  cold  and  damp,  is 
possible.  A  dry  soil,  a  high  average  of  sun- 
shine, slight  daily  variation  of  temperature,  and 
a  moderate  elevation,  are  the  most  suitable 
climatic  conditions.  Winter  in  a  warmer  and 
more  equable  climate  than  England  is  desirable, 
but  in  the  south  of  England  localities  can  be 
found  which  are  fairly  well  adapted  to  the  needs 
of  these  patients.  Sea-board  and  the  beds  of 
rivers  should  probably  be  avoided.  Egypt  suits 
well  where  the  patient  can  travel  without  great 
difficulty. 

As  regards  drugs,  much  benefit  is  derived 
from  the  use  of  tonics,  iodine,  and  cod-liver  oil, 
given  over  long  periods.  The  most  useful 
tonics  are  arsenic,  iron,  and  quinine.  Garrod 
laid  stress  on  the  great  value  of  the  iodide  of 
iron  in  combination  with  arsenic.  Arsenic 
should  be  persevered  with  steadily,  with  occa- 
sional intervals,  and  is  perhaps  more  usefully 
employed  in  small  doses  for  a  lengthened  period 
than  when  given  in  larger  doses,  which  cannot 
be  continued  so  long.  The  dried  sulphate  of 
iron  in  pill  with  arsenic  is  a  useful  combination. 
The  iodides  are  of  great  value,  but  should  be 
combined  with  tonics.  Iodide  of  potassium 
alone  has  an  unfavourable  effect  on  the  general 
health,  which  is  not  compensated  by  the  relief 
it  may  afford  to  the  joint  pain.  Cod-liver  oil  is 
highly  beneficial,  and  patients  should  be  en- 
couraged to  continue  its  use. 

For  the  relief  of  pain  hyoscyamus  has  been 
recommended. 

Bannatyne  and  others,  who  believe  that  the 
acute  forms  of  the  disease  have  a  bacterial 
origin,  have  employed  with  benefit  drugs  which 
are  supposed  to  be  antidotal  to  micro-organisms, 
or  their  products,  when  given  internally. 
Bannatyne  has  employed  the  creasotes  and 
guaiacols,  the  phenols  (salol  and  salophen),  and 
the  naphthols,  and  believes  that  the  creasotes 
have  a  more  or  less  specific  action  on  the 
disease,  that  the  phenols  are  useless,  and  that 
the  naphthols  are  of  much  use  by  reason  of 
their  effect  on  the  contents  of  the  intestine. 
He  recommends  the  employment  of  carbonate 
of  guaiacol,  gr.  v.-x.  t.  d.  s.  in  cachet. 

The  salicylates  reduce  pain  and  fever  in  the 
acute  stages,  but  should  not  be  persevered  with. 
Colchicum,  invaluable  in  gout,  is  contra-indi- 
cated here. 

Aspirin  (salicylo-acetic  acid)  in  doses  of  gr. 
X.-XV.  relieves  pain  markedly,  and  can  be  taken 
over  considerable  periods  without  producing  the 
depression  which  limits  the  usefulness  of  the 
salicylates  in  these  cases.  It  is  conveniently 
given  in  cachets,  and  is  of  decided  value. 

Ichthyol  internally  has  been  recommended, 
but  reports  are  conflicting  as  to  its  value. 

Baths  have  long  been  held  in  repute  as  a 
treatment  for  rheumatoid  arthritis,  and  are  of 


great  value  in  properly  selected  cases.  Baths 
are  not  indicated  for  the  elderly  and  debilitated, 
who  may  be  decidedly  the  worse  for  them,  but 
benefit  chiefly  early  cases,  and  those  in  whom 
the  general  health  is  fair,  and  where  the  joint 
affection  has  not  advanced  far  towards  hopeless 
deformity. 

Baths  necessitating  long  immersions  are  not 
advisable,  and  probably  douche-massage,  first 
practised  at  Aix-les-Bains,  and  admirably  carried 
out  there,  is  the  most  useful  form.  The  exact 
chemical  properties  of  the  water  employed  is 
of  less  importance  than  skill  and  care  in 
manipulation,  but  there  is  value  in  thermal 
water. 

Bracing  air  is  a  decidedly  valuable  adjunct 
to  treatment  by  bathing. 

In  this  country  Harrogate,  Woodhall  Spa, 
Buxton,  and  Bath  have  a  reputation  for  the 
treatment  of  rheumatoid  arthritis,  and  the 
three  first  named  have  the  advantage  of  highly 
bracing  air.  At  Bath  the  methods  of  Aix-les- 
Bains  are  carefully  followed,  and  the  water  is 
thermal. 

Llandrindod  "Wells  and  Droitwich  are  advised 
for  these  patients,  and  at  Strathpeffer  mud- 
baths  are  given  as  well  as  other  treatment. 
The  mud-baths  of  Ischl  (Austria)  are  in  high 
repute,  and  those  of  Acqui  (N.  Italy)  have 
local  renown.  Acqui  also  possesses  hot  sulphur 
springs.  Bareges  (Hautes  -  Pyr(^n^es)  is  a 
celebrated  spa,  but  does  not  offer  such  luxurious 
accommodation  to  visitors  as  Aix.  Wiesbaden 
is  much  frequented. 

Where  antemia  is  marked  a  course  of  natural 
iron  water  at  one  of  the  ferruginous  spas,  such 
as  Schwalbach,  may  be  useful.  The  iron  water 
of  Flitwick  is  of  decided  value  where  digestion 
is  weak  and  the  ordinary  preparations  of  iron 
disagree. 

Electric  baths  have  been  much  recommended. 
They  should  be  employed  only  by  skilled 
persons.  The  course  needs  to  be  long,  two  or 
three  baths  a  week  for  two  or  three  months. 
Such  prolonged  courses  of  baths  would  seem 
to  be  open  to  some  objection.  Turkish  baths 
and  vapour  baths  give  temporary  relief  to  pain 
and  stiffness,  but  these  baths  repeated  fre- 
quently are  not  beneficial  and  should  be 
discouraged. 

After  a  course  of  baths  an  after-cure  spent 
in  high  and  bracing  air  is  of  great  benefit,  and 
should,  if  possible,  always  be  taken.  In 
advising  a  course  abroad  it  is  well  to  warn 
patients  to  avoid  the  hottest  months  of  the 
season.  Baths  during  extreme  heat  may  be 
followed  by  considerable  exhaustion  and  decided 
increase  of  antemia.  One  course  of  baths  is 
rarely  sufficient  to  effect  the  greatest  possible 
amount  of  benefit.  A  second  course  should 
be  taken  after  an  interval  varying  according 
to  the  patient's  condition,  but  never  less  than 
a  year. 
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Heat  locally  to  joints  is  a  favourite  treatment 
and  has  undoubted  value.  Probably  dry  heat 
is  more  efficacious  than  moist.  A  simple  method 
is  the  hot  sand  bath ;  it  can  be  employed  where- 
ever  sand  and  an  oven  are  available,  and  for 
the  hand  and  wrist  is  specially  useful.  The 
limb  is  plunged  into  sand  as  hot  as  it  can  be 
borne,  which  is  renewed  as  it  cools. 

Various  methods  of  applying  to  affected  joints 
dry  air  raised  to  high  degrees  of  heat  are  in 
use.  In  the  Tallerman  method  the  heat  is 
obtained  from  gas ;  the  apparatus  is  of  the 
nature  of  a  gas  stove,  shaped  so  as  to  receive 
a  limb.  In  the  Dowsing  and  Greville  methods 
the  heat  is  generated  by  electricity,  in  the 
former  by  means  of  electric  lamps,  with 
reflectors  of  glass  and  metal,  in  the  latter  by 
means  of  small  wires  in  a  frame  of  aluminium. 
These  methods  need  skilled  application  and 
special  apparatus,  and  are  necessarily  expensive, 
but  the  relief  obtained  is  in  some  cases  very 
striking. 

Massage  is  of  value  in  keeping  iip  the 
nutrition  of  muscles  and  preventing  stiffness 
and  fixation  of  joints.  It  relieves  pain  markedly 
in  some  cases.  In  association  with  the  douche 
it  is  a  most  valuable  treatment. 

Cold  has  been  recommended  for  the  relief 
of  pain,  either  locally  in  the  form  of  ice-massage 
(Ewart)  or  by  means  of  the  spinal  ice-bag. 
Ewart  advises  slowly  rubbing  the  joint  with 
a  lump  of  ice  once  or  twice  a  day,  as  a  success- 
ful treatment  when  hot  application  fails. 

Kinnear  states  that  the  application  of  the 
spinal  ice-bag  from  half  an  hour  to  three  hours 
a  day  relieved  the  worst  cases  when  every  known 
remedy  had  been  tried  and  had  failed.  This 
author  considers  the  ice-bag  improves  nutrition 
and  circulation. 

Electrical  treatment  apart  from  baths  has 
been  much  recommended.  Probably  the  con- 
stant current  is  useful  in  improving  the  nutri- 
tion of  muscles.  Static  electricity  is  said  to  be 
of  value  as  a  general  nerve  tonic. 

Surgical  procedures  have  been  employed  in 
the  following  ways,  though  none  but  forced 
movements  are  at  all  generally  used  in  this 
country : — 

1.  Operations  on  joints  have  been  undertaken 
for  the  relief  of  ankylosis  when  the  joint  is 
fixed  in  a  bad  position,  i.e.  in  the  elbow  or  the 
temporo-maxillary  joint.  Collinson  has  had 
successful  cases.  He  considers  that  operation 
is  only  applicable  in  young  patients  and  where 
the  muscles  are  not  excessively  atrophied. 

Forced  movements  under  an  anaesthetic  to 
break  down  adhesions  are  employed.  They  are 
not  free  from  danger,  and  may  set  up  acute 
inflammatory  changes. 

2.  Schiiller  and  others  operate  on  joints  for 
the  purpose  of  removing  diseased  tissues,  especi- 
ally the  synovial  membrane. 

3.  Schiiller  has  also  treated  cases  by  intra- 


articular injection  of  sterilised  guaiacum-iodo- 
form- glycerine.  These  procedures  have  for 
their  object  the  removal  or  destruction  of  the 
organisms  which  the  author  considers  are  the 
cause  of  the  arthritis. 

External  application  of  various  medicinal 
substances  is  employed  largely.  Iodine  painted 
on  the  joint  or  applied  as  an  iodine  plaster  is 
useful.  Tincture  of  capsicum  applied  on  lint 
after  washing  the  joint  with  hot  soap  and  water 
may  give  decided  relief.  A  liniment  of  chloro- 
form, belladonna,  and  aconite  in  equal  parts 
has  been  recommended.  Bannatyne  advises  the 
use  of  equal  parts  of  guaiacol  and  olive  oil, 
or  guaiacol  with  tincture  of  iodine  (1-6),  or 
guaiacol  with  methyl  salicylate.  The  guaiacol 
is  absorbed  and  can  be  detected  in  the  urine. 
Its  smell  is  a  decided  practical  objection  to  its 
external  employment,  but  it  undoubtedly  re- 
lieves pain  in  some  cases. 

Unhealthy  conditions  of  the  gums,  especially 
such  as  are  attended  with  purulent  discharges, 
should  be  treated.  Recent  work  makes  it  prob- 
able that  chronic  septic  diseases  of  the  mouth 
play  an  important  part  in  auto-infection  and 
the  etiology  of  diseases  which  depend  upon  it. 
Affected  parts  should  be  cleansed  thoroughly 
with  1-20  carbolic  lotion,  and  an  antiseptic 
mouth -wash  used  frequently;  salicylic  acid 
(1-600),  or  Condy's  fluid  well  diluted,  or  Listerine, 
are  satisfactory  for  this  purpose. 
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Clinical  Features. — The  clinical  features  of 
chronic  rheumatism  are  for  the  most  part  vague 
and  ill-defined.  The  leading  manifestations  are 
seen  in  relation  to  joint  structures,  especially 
the  larger  joints  of  the  limbs  and  spine,  but 
many  other  tissues  may  be  the  chief  sites  of 
incidence  of  the  rheumatic  virus.  Among  these 
other  manifestations  rheumatic  affections  of 
muscles  occupy  a  prominent  place,  and  as  these 
are  very  frequent  and  apt  to  be  overlooked, 
special  attention  is  devoted  to  them  (p.  577). 
The  skin,  subcutaneous  tissue,  and  the  special 
senses  of  ear  and  eye  frequently  exhibit  symp- 
toms often  regarded  as  of  rheumatic  origin. 
While  there  is  a  diversity  of  opinion  on  the 
relationship  of  these  symptoms  to  rheumatism, 
the  balance  of  evidence  indicates  an  important 
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relationship.  Among  the  diseases  here  referred 
to  may  be  mentioned  erythema,  psoriasis,  lichen, 
iritis,  and  chronic  middle  ear  disease.  In  chil- 
dren many  other  subacute  and  chronic  indica- 
tions of  disease  are  of  rheumatic  origin  {vide 
"Rheumatism  in  Children,"  p.  550). 

The  clinical  features  of  chronic  rheumatism 
are  perhaps  best  illustrated  by  short  records  of 
cases  met  with  in  practice.  Those  selected  are 
characteristically  common  types,  and  it  is 
needless  to  say  that  every  grade  of  severity 
and  various  combinations  of  these  types  are 
met  with  in  everyday  practice.  The  probable 
relationship  of  these  various  types  to  each  other 
will  be  referred  to  later  under  the  etiology  of 
the  disease. 

Mr.  L.,  get.  30. — Chronic  myositis  of  the  neck 
muscles ;  recurring  arthritis  in  left  hip  and 
knee ;  deafness  of  middle  ear  origin  (non-sup- 
purative)  ;  acne  and  blind  boils. 

The  hereditary  history  showed  a  distinct 
tendency  to  rheumatism.  The  joint  trouble 
was  confined  to  the  left  side,  a  feature  which 
was  probably  correctly  attributed  by  the  patient 
to  the  results  of  a  previous  injury  to  tlae  thigh, 
through  being  heavily  thrown  from  a  horse. 
The  patient  complained  of  a  marked  sense  of 
discomfort  in  the  head  and  neck,  but  had 
become  accustomed  to  this  feeling,  and  did  not 
associate  it  with  a  local  condition.  Examina- 
tion showed  that  the  muscles  at  the  back  of  the 
neck  were  unnaturally  firm  and  contracted,  the 
movements  of  extension  and  rotation  of  the  head 
were  restricted,  the  hip  joint  revealed  creaking 
and  limitation  of  movement ;  examination  of 
the  ear  showed  that  the  tympanic  membrane 
itself  was  apparently  normal,  the  structural 
changes  in  the  middle  ear  were  obviously  of 
articular  origin. 

This  case  illustrates  three  interesting  points — 

(i.)  A  definite  lesion  in  the  muscles — chronic 
myositis  (probably  also  cellulitis),  a  condition 
that  is  common  and  apt  to  be  overlooked. 

(ii.)  The  tendency  to  develop  manifestations 
of  rheumatism  in  a  joint  previously  weakened, 
e.g.  by  a  trauma,  etc. 

(iii.)  The  coexistence  of  the  local  disease  in 
the  ear  with  a  general  constitutional  disturbance. 

(iv.)  A  special  liability  to  the  pathogenic 
influence  of  bacteria  on  the  skin  surface. 

Mr.  M.,  set.  46. — Chronic  rheumatism  in  left 
shoulder  joint ;  otherwise  in  apparently  perfect 
health. 

Mr.  M.  regards  himself  as  in  perfect  general 
health.  The  only  things  that  trouble  him  are 
his  left  shoulder  and,  occasionally,  fleeting  pains 
in  other  parts  of  the  body.  The  joint  condition 
has  developed  slowly,  and  has  never  been 
seriously  treated.  There  is  no  distinct  rheu- 
matic history.  The  shoulder  joint  shows  dis- 
tinct muscular  ati'ophy,  limitation  of  movement, 
occasional  creaking,  and  some  irregularity  at 
the  head  of  the  bone.    Subjective  symptoms 


rule,  only  complained  of  after  a  day's 
outdoor  exercise,  after  which  the  left  arm  is 
for  a  time  practically  useless.  There  is  no 
history  of  gonorrhoeal  infection  in  this  case. 

This  case  illustrates  a  very  localised  area  of 
naturally  weak  power  of  resistance  to  the  action 
of  the  rheumatic  poison. 

Mr.  N.,  set.  70. — Attack  of  subacute  rheu- 
matism when  set.  45 ;  chronic  arthritis  in  the 
knee  joints  since  set.  65 ;  deafness  of  nerve 
origin. 

Mr.  N.  leads  a  most  active  life  physically  and 
mentally ;  his  general  health  is  regarded  by 
himself  as  excellent.  He  lives  well,  and  has 
always  done  so.  His  joint  disease  makes  him 
distinctly  lame,  but  the  pain  complained  of  is 
inconsiderable,  and  always  worst  in  the  morn- 
ing and  on  rising  from  a  chair  or  couch.  The 
right  knee  joint  is  most  involved  and  is  markedly 
enlarged,  the  swelling  appearing  to  be  largely 
confined  to  the  soft  tissues,  especially  in  the 
anterior  and  superior  aspects  of  .the  joint.  There 
is  well-marked  creaking,  but  no  new  bony  for- 
mations can  be  made  out.  The  movement  of 
flexion  of  the  knee  is  restricted,  and  the  ham- 
string muscles  are  strongly  contracted. 

This  case  is  chiefly  interesting  as  showing — 

(a)  An  acute  onset  (when  set.  45)  of  a  rheu- 
matism which  was  apparently  distinct  from  an 
ordinary  attack  of  rheumatic  fever. 

(6)  The  association  of  a  local  disease  in  one 
of  the  special  senses,  along  with  the  general 
manifestations. 

(c)  A  fairly  strong  power  of  resistance  to  the 
virus  of  rheumatism,  indicated  by  the  limited 
nature  and  severity  of  the  disease  in  a  man  of 
this  age  and  history. 

Mrs.  0.,  set.  60. — Rheumatoid  arthritis,  acute 
onset ;  chronic  rheumatism. 

At  the  age  of  50  patient  suffered  from  acute 
attacks  of  pain  and  swelling  in  the  joints  of  the 
hands,  ankles,  and,  to  a  less  degree,  of  the  wrist. 
The  pain  was  evidently  severe,  as  she  was  kept 
under  morphia  for  some  time.  About  the 
same  time  she  began  to  complain  of  stiffness 
and  weakness  in  the  muscles  in  diff"erent  parts 
of  the  body,  a  feature  which  persisted  more  or 
less  for  years,  and  is  still  present.  Treatment 
by  a  change  of  climate,  hydro-tlierapeutic 
measures,  diet,  and  massage  seemed  to  exert  a 
favourable  influence  on  the  disease.  Since  the 
age  of  55  the  joint  lesions  have  not  progressed, 
but  since  that  time  she  has  had  one  severe 
attack  of  brachial  neuritis  and  an  acute  attack 
of  lumbago,  and  has  been  intermittently  subject 
to  marked  pain  and  weakness  in  the  limbs,  and 
severe  cramp  in  the  muscles  of  the  legs  at  night. 
At  the  present  time  there  is  considerable  en- 
largement of  all  the  joints  of  the  hand,  except 
the  terminal  joints,  with  distortion  of  the 
fingers,  but  no  pain  or  limitation  of  movement. 
There  is  marked  local  muscular  atrophy.  One 
striking  feature  of  this  case  which  attracted  the 
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patient's  own  attention  was  the  state  of  the 
urine.  It  has  persistently  had  a  very  strong 
odour,  and  was  described  by  the  patient  as 
being  frequently  offensive.  This  patient  is  an 
interesting  and  by  no  means  uncommon  type 
of  case,  which  illustrates  the  very  close  relation- 
ship that  exists  between  rheumatoid  arthritis 
and  so-called  chronic  rheumatism. 

Comparative  Pathology. — Our  knowledge  of 
the  clinical  features,  pathology,  and  treatment  of 
rheumatism  in  the  lower  animals  is  in  the  same 
incomplete  state  as  our  knowledge  of  these  affec- 
tions in  man.  Horses,  cattle,  dogs,  and  pigs 
are  known  to  be  the  subjects  of  disorders  which 
in  their  clinical  features  present  a  close  parallel 
to  those  affections  in  the  human  subject,  and 
from  a  study  of  these  diseases  we  may  gain 
valuable  information  regarding  the  etiology  of 
kindred  affections  in  man.  For  our  present 
purpose  we  may  consider  that  the  crucial 
question  is.  Do  we  find  in  the  lower  animals 
diseases  which  are  clinically  and  pathologically 
identical  with  the  following  diseases  as  at 
present  recognised  in  the  human  subject? — - 
(i.)  Acute  rheumatism. 

(ii.)  Chronic  rheumatism. 

(iii.)  Rheumatoid  arthritis  or  osteo-arthritis. 

In  answering  these  questions  it  will  appear 
that  veterinary  surgeons  have  seen  no  reason  to 
distinguish,  or  at  least  have  not  distinguished, 
chronic  rheumatism  and  rheumatoid  arthritis 
as  two  classes  of  disease.  They  simply  dif- 
ferentiate them  by  the  measure  of  severity  in 
the  involvement  of  the  joints.  The  writer  has  de- 
voted some  attention  to  comparative  pathology, 
and  in  addition  to  the  knowledge  derived  from 
a  direct  clinical  study  of  these  conditions  in 
the  lower  animals,  he  has  obtained  much  infor- 
mation from  available  literature,  as  well  as  from 
friends  in  the  veterinary  profession. 

(i.)  Acute  Rheumatism. — Animals  are  liable 
to  an  acute  fever,  characterised  by  a  more  or 
less  sudden  onset  of  high  temperature,  with 
painful  enlargement  of  and  effusion  into  the 
joints.  The  wrist  and  ankle  are  the  joints  most 
affected,  and  in  them  the  pain  is  extreme. 
Metastasis  is  a  prominent  feature  of  this  disease. 
Endocarditis  and  other  cardiac  conditions  are 
frequent  concomitants,  and  may  lead  to  a  fatal 
termination.  The  resiilt  may  be  (a)  death  from 
cardiac  inflammation,  (6)  complete  recovery,  or 
(c)  incomplete  recovery,  some  local  weakness 
being  left  in  the  affected  joints.  It  is  interest- 
ing to  note  that  this  disease  is  relatively  more 
common  in  cattle  than  in  horses.  The  analogy 
to  acute  rheumatism  in  the  human  subject  is 
reasonably  complete. 

(ii.  and  iii.)  Chronic  Rheumatism  and  Rheu- 
matoid Arthritis. — Symptoms  attributed  to 
chronic  rheumatism  and  rheumatoid  arthritis 
are  extremely  common  in  the  lower  animals, 
especially  in  horses,  dogs,  pigs,  and  cattle.  We 
may  say  at  the  outset  that,  as  less  is  known 


about  the  clinical  features  and  morbid  anatomy 
of  these  two  conditions  in  animals  than  in  man, 
it  is  necessary  to  discuss  them  together,  merely 
submitting  a  brief  outline  of  the  clinical  features 
and  pathology  on  which  their  diagnoses  are 
based.  So  far  as  I  have  been  able  to  learn,  the 
term  rheumatoid  arthritis,  or  more  commonly 
osteo-arthritis,  is  applied  to  the  cases  which  ex- 
hibit a  more  severe  involvement  of  the  joint,  e.g. 
much  irregular  formation  of  new  bone,  muscular 
atrophy,  with  marked  permanent  disablement ; 
while  the  term  rheumatism  is  applied  to  a  less 
severe  articular  lesion  and  to  involvement  of 
muscles,  tendons,  and  tendon  sheaths,  bursas, 
and  nerves.  The  former  class  is  natvirally  com- 
paratively rare,  as  such  animals  are  commercially 
useless,  and  are  destroyed  at  a  comparatively 
early  stage  of  the  disease,  while  in  the  less 
serious  type  of  rheumatism,  with  less  severe 
articular  symptoms,  the  animal  is  able  to  do  a 
fair  amount  of  work.  Thus  we  find  that  these 
latter  cases  form  a  not  inconsiderable  proportion 
of  the  subjects  that  come  under  the  veterinary 
surgeon's  care.  It  is  convenient  to  consider  this 
condition  under  the  following  headings  : — 

Articular  Type  of  Rheumatism  other  than 
Acute.  —  (a)  Chronic. — The  disease  is  mainly, 
but  by  no  means  entirely,  one  of  adult  life  and 
old  age  ;  cases  in  young  animals,  four  and  seven 
years,  are  by  no  means  rare.  The  usual  sites 
are  the  hip,  spine,  ankle,  and  wrist,  but  any 
joint  may  be  involved.  The  clinical  features 
are  stiffness  and  pain  in  the  limb,  with  swelling 
of  the  joint.  The  enlargement  is  due  to  an 
increase  in  the  articular  ends  of  the  bones,  or 
in  the  soft  tissues  entering  into  the  formation 
of  the  joint.  In  some  cases  it  is  due  to  involve- 
ment of  the  bursEe  or  tendons  in  close  proximity 
to  the  joint.  ^Marked  creaking  may  be  elicited 
on  movement  of  the  limb.  Investigation  also 
may  show  that  this  animal  never  lies  down  at 
night,  a  symptom  usually  attribiited  to  anky- 
losis of  the  lumbar  spine.  It  is  not  an  un- 
common thing  to  find  in  a  large  stable  of  horses 
one  or  more  animals  in  active  work  that  are 
partially  slung  up  at  night  so  as  to  prevent  them 
lying  down.  This  precaution  is  advisable  owing 
to  their  inability  to  raise  themselves.  Such  an 
animal  is  vei-y  stiff"  in  the  morning,  and  may 
require  a  little  exercise  before  being  fit  for  even 
a  light  day's  work.  The  creaking  heard  on 
movement  may  be  due  either  to  disease  in  the 
joint  or  in  the  muscles  surroimding  it.  The 
muscles  and  tendons  on  the  flexor  aspect  of  the 
joint  are  usually  unduly  hard  and  contracted. 
In  mild  cases,  when  the  animal  gets  warmed  to 
his  work,  all  stiffness  and  lameness  may  dis- 
appear, and  nothing  further  may  be  determined 
about  the  case  except  that  he  is  subject  to  con- 
stipation, and  voids  urine  that  is  turbid  and 
evidently  unduly  charged  with  salts  of  various 
kinds.  A  careful  examination  into  the  history 
will  usually  reveal  the  fact  that  the  animal 
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drinks  too  little,  or,  to  put  it  more  accurately, 
he  does  not  get  the  opportunity  of  drinking 
enough.  Here,  then,  we  have  a  clinical  picture 
of  disease,  the  prototype  of  which  comes  within 
daily  observation  of  the  medical  practitioner. 

(6)  Subacute.  —  Subacute  manifestations  of 
rheumatism  are  extremely  common,  and  in  this 
group  we  find  the  most  striking  illustrations  of 
metastasis.  These  metastatic  manifestations  are 
frequently  of  an  acute  nature,  with  pain,  effusion, 
and  elevation  of  temperature,  but  to  a  much 
less  degree  than  is  characteristic  of  the  acute 
cases  previously  described. 

(c)  Abarticular  Type. — This  group  includes 
acute  and  chronic  cases.  The  former  are  char- 
acterised by  acute  pain  and  swelling  of  the 
tendons  and  other  soft  tissues  in  the  neighbour- 
hood of  a  joint.  The  symptoms  may  be  so  severe 
as  to  prevent  the  animal  rising  for  several  days. 
This  type  of  disease  is  not,  as  a  rule,  accompanied 
by  any  febrile  reaction.  The  chronic  group 
includes  many  cases  of  "spavin,"  "ringbone," 
and  other  conditions  characterised  by  local 
formation  of  new  tissue  of  a  bony  or  other 
nature  in  the  neighbourhood  of  joints.  Mention 
must  also  be  made  of  cases  of  lameness  that  are 
supposed,  by  a  process  of  exclusion,  to  be  de- 
pendent on  a  neuritis  of  a  "  constitutional "  or 
"  rheumatic  "  nature. 

{d)  Rheumatoid  or  Osteo- Arthritis.  — As  al- 
ready indicated,  this  term  is  applied  to  the 
more  severe  type  of  cases  of  chronic  rheumatism, 
when  the  articular  changes  are  more  advanced 
and  of  a  more  markedly  hypertrophic  nature. 
The  subjects  in  this  group  show  greater  muscular 
weakness,  and  usually  advanced  local  muscular 
atrophy.  It  is  important  to  note  that  this  dis- 
ease is  sometimes  well  developed  in  quite  young- 
subjects  ;  a  few  cases  have  been  recorded  from 
zoological  collections. 

It  will  be  seen  from  the  foregoing  that,  so  far 
as  clinical  features  are  concerned,  the  diseases 
of  a  "rheumatic"  origin  in  horses  correspond 
very  closely  to  the  same  diseases  in  the  human 
subject.  What  differences  exist  are  probably  of 
degree  rather  than  of  kind,  and  are  readily  ex- 
plained by  the  different  life-histories  of  the  two 
subjects.  When  we  turn  to  the  pathology  we 
will  find  that  the  comparison  holds  good. 

Pathology. — The  writer  has  examined  many 
of  these  cases  (groups  a  and  d),  and  has  found 
that  the  joint  changes  are  very  similar  to  those 
encountered  in  cases  of  chronic  rheumatism  and 
rheumatoid  arthritis  in  man.  In  many  cases 
the  description  of  joints  in  chronic  rheumatism 
(vol.  iv.  p.  242)  may  be  fitly  applied.  In  others 
the  appearances  more  closely  resemble  those 
recorded  for  osteo-arthritis  in  its  earlier  stages 
(vol.  viii.  p.  567),  and  also  the  lucid  description 
of  traumatic  arthritis  given  by  Arbuthnot  Lane. 
So  far  as  the  writer's  observations  go,  the  morbid 
anatomy  hardly  warrants  any  distinct  classifica- 
tion.   The  differences  appear  to  be  of  degree 


rather  than  of  kind.  This  subject  is  further 
referred  to  under  etiology. 

Treatment. — -It  is  beyond  the  province  of  this 
article  to  refer  to  treatment  except  in  one 
particular.  We  have  already  seen  that  clinical 
experience  and  pathological  investigation  show 
a  close  parallel  between  these  affections  in  the 
lower  animals  and  in  man.  Confirmatory  evi- 
dence is  obtained  from  the  field  of  therapeutics. 
To  speak  generally,  veterinary  surgeons  treat 
these  affections  in  one  of  two  ways  :  (a)  by  rest 
and  the  adoption  of  local  measures,  mainly  of  a 
counter-irritant  nature,  and  {b)  by  a  limited 
amount  of  exercise,  a  laxative  diet,  and  plenty 
of  water.  The  balance  of  opinion  is  in  favour 
of  the  latter  course — a  fact  not  without  its 
lessons  to  the  medical  practitioner.  With  re- 
gard to  diet,  if  space  had  allowed,  many  interest- 
ing facts  could  be  quoted  regarding  "  chronic 
rheumatism  "  in  other  animals,  e.g.  pigs,  and  the 
relationship  of  diet  to  that  condition. 

Morbid  Anatomy. — The  naked  eye  features 
of  a  chronic  rheumatic  joint  in  the  human  sub- 
ject are  very  similar  to  those  met  with  in  the 
lower  animals.  In  both  the  joints  are  unnatur- 
ally dry ;  when  fluid  is  present,  it  is  altered  in 
colour  and  consistence.  There  is  the  same 
tendency  to  irregular  enlargement  of  the  artic- 
ular ends  of  the  bones.  The  tendons  and 
tendon  sheaths  in  the  neighbourhood  of  the 
joints  show  the  same  congestion  of  vessels  and 
evidences  of  recent  and  old  cell  proliferation. 
The  cartilages  may  be  thickened  or  thinned, 
and  may  show  vascularisation  and  ulceration. 
The  synovial  membranes  show  a  varying  degree 
of  thickening  and  undue  vascularity,  and  in 
some  cases  irregular  villous  projections.  There 
is  a  further  correspondence  between  the  two 
classes  of  rheumatic  subjects  in  that  no  two 
cases,  and  even  no  two  joints  in  the  same  case, 
present  exactly  the  same  appearance.  This 
close  parallelism,  however,  is  of  little  value  for 
the  etiology  of  the  disease.  The  gross  struc- 
tural changes  which  take  place  in  the  affected 
joints  must  be  set  in  relation  to  the  other 
changes  induced  in  the  tissues,  and  it  is  probable 
that  the  facts  of  a  more  general  morbid  anatomy 
will  prove  of  much  greater  importance  for  the 
discovery  of  the  cause  of  chronic  rheumatism 
than  the  facts  of  those  articular  changes  to 
which  attention  has  been  too  exclusively  con- 
fined. 

With  regard  to  the  remaining  vital  constituent 
of  the  morphological  joint  unit — the  marrow — 
I  know  of  no  observations  on  the  human  subject 
as  to  the  state  of  this  very  important  tissue  in 
this  disease.  In  the  course  of  an  examination 
of  many  subjects  in  comparative  pathology 
in  which  symptoms  of  rheumatism  had  been 
present,  the  writer  has  frequently  seen  definite 
gross  changes  in  the  bony  system  other  than 
the  articular  ends.  These  changes  were  mainly 
of  the  nature  of  (a)  altered  colour  and  appear- 
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ance  of  the  marrow,  a  varying  degree  of  redness 
and  gelatinous  degeneration  being  present ; 
(b)  altered  consistence  of  the  marrow  due  to 
sclerosis  and  calcareous  changes  in  that  tissue. 
Owing  to  an  insufficient  acquaintance  with  the 
normal  appearance  in  animals  at  different  periods 
of  life,  it  is  not  possible  to  speak  with  assurance 
as  to  the  character  of  these  pathological  changes 
and  their  relation  to  the  general  rheumatic 
condition.  But  as  to  the  existence  of  gross 
changes  there  is  no  room  for  doubt,  and,  to  my 
mind,  little  reason  for  doubting  that  these  have 
a  close  etiological  relationship  to  the  disease 
itself.  This  field  of  study  is  a  wide  and  import- 
ant one.  Till  now,  the  pathological  histology, 
like  the  morbid  anatomy,  of  these  cases  has 
taught  us  little  about  the  cause  of  chronic 
rheumatism,  and  until  we  have  given  adequate 
study  to  the  bone  marrow  and  its  function,  we 
shall  be  unable  to  formulate  with  confidence 
a  theory  as  to  the  etiology  of  the  disease. 

A  further  desideratum  in  human  pathology 
is  an  exhaustive  examination  of  the  naked  eye 
and  microscopic  appearances  of  all  the  viscera 
and  tissues  in  cases  either  of  rheumatism  or  so- 
called  rheumatoid  arthritis.  In  both  classes  of 
case  we  are  too  ready  to  conclude  that  visceral 
lesions,  if  present,  are  relatively  unimportant  or 
incidental  complications.  What  is  desirable  to 
have  even  in  one  case  of  this  kind  is  a  complete 
histological  examination  of  all  the  tissues  of 
the  body.  Very  special  attention  should  be 
directed  to  the  following  : — 

(a)  Very  detailed  examination  of  the  vessels — 
small  and  large  —  concerned  in  the  nutrient 
supply  of  the  joints,  muscles,  nerves,  or  other 
tissues  that  were  the  seat  of  the  clinical  mani- 
festations. Attention  has  lately  been  drawn 
to  the  presence  of  disease  in  the  arteries  and 
capillaries  in  some  cases  of  acute  rheumatism 
{see  p.  539) ;  it  is  probable  that  similar  local 
changes  of  a  more  chronic  nature  may  help  to 
explain  some  of  the  fleeting  manifestations  of 
chronic  rheumatism. 

{b)  Similar  examination  of  the  various  mucous 
surfaces  that  are  the  common  sites  of  infection 
for  bacterial  invasion — more  especially  the 
gastro- intestinal  canal  and  the  utero- vaginal 
membranes.  The  facts  learned  from  this  ex- 
amination would  be  many,  and  could  not  fail  to 
be  very  instructive. 

(c)  The  naked  eye  and  microscopic  appear- 
ance of  the  ma7-roiv. 

With  these  facts  and  the  others  obtainable 
from  present  records,  we  would  be  in  a  better 
position  to  review  the  whole  picture  of  rheu- 
matism, and  would  also  be  in  a  stronger  position 
for  formulating  a  theory  regarding  its  patho- 
genesis.   But  these  facts  are  absolutely  essential. 

Rheumatism,  Muscular. — In  rheumatic  sub- 
jects the  muscles  are  affected  in  two  ways — as 
an  acute  or  a  chronic  myositis.  Both  condi- 
tions are  apt  to  escape  notice  on  account  of  the 
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small  amount  of  attention  that  is  paid  to  the 
systematic  clinical  examination  of  the  muscular 
system.  It  is  sometimes  stated  that  where 
there  is  evidence  of  active  inflammatory  change 
in  the  muscles  the  condition  is  to  be  regarded 
as  myositis,  and  no  longer  as  muscular  rheu- 
matism— the  latter  name  being  reserved  for 
those  cases  in  which  no  objective  signs  are 
present.  This  is  surely  an  erroneous  view  of 
the  subject ;  there  is  much  evidence  in  favour 
of  the  view  that  so-called  muscular  rheumatism 
stands  in  a  very  direct  relation  to  other  mani- 
festations of  rheumatism,  and  a  study  of  the 
manner  in  which  the  muscles  are  affected  is 
essential  to  a  complete  survey  of  rheumatism. 

Acute  Myositis. — Acute  myositis  is  met  with 
at  any  period  of  life,  but  is  more  common  in 
the  later  half.  The  female  sex  is  more  liable, 
and  stout  subjects  especially  so.  The  clinical 
features  vary  according  to  the  extent  and 
severity  of  the  disease.  The  patient  may  com- 
plain of  "  neuralgia,"  or  of  "  rheumatic  pains  " 
in  a  joint,  or  of  weakness  in  a  limb.  Little 
pain  may  be  complained  of  when  at  rest,  but 
on  exertion,  e.g.  rising  from  a  chair,  an  acute 
twinge  of  pain  is  experienced.  In  cases  of 
some  duration  and  severity  the  amount  of  dis- 
comfort or  pain  is  considerable,  as  are  also  the 
pains  of  the  limbs  as  a  whole,  and  especially 
the  weakness  in  the  joint  nearest  the  muscles 
involved.  On  examination  of  the  affected 
muscle  nothing  will  be  found  unless  a  most 
careful  and  detailed  examination,  especially 
adapted  to  determine  the  presence  of  inflam- 
matory thickening  in  the  muscles,  is  carried 
out.  The  examination  is  made  as  follows  : — 
The  patient  must  be  directed  to  put  the  muscles 
into  a  passive  state,  as  a  contracted  state  of 
the  fibres  will  interfere  with  the  examination. 
The  skin  is  smeared  with  vaseline.  The  muscle 
is  then  gently  palpated  with  the  finger-tips, 
the  examination  being  conducted  along  as  well 
as  across  the  line  of  the  fibres.  The  movement 
of  gentle  petrissage  is  well  calculated  to  reveal 
the  presence  of  foci  of  rheumatic  inflammation. 
A  patch  of  inflammation  reveals  itself  by 
marked  localised  tenderness,  which  makes  the 
patient  wince  keenly.  The  painful  spot  is 
usually  the  size  of  a  bean,  but  may  be  smaller 
or  considerably  larger.  To  the  finger  the  spot 
feels  hard  in  the  centre  and  surrounded  by  an 
area  of  unusual  softness,  presumably  an  area  of 
serous  exudation.  These  spots  are  usually 
multiple,  and  a  careful  examination  may  reveal 
their  presence  in  regions  unknown  to  the 
patient.  The  muscles  most  commonly  aff'ected 
are  those  on  the  front  and  sides  of  the  chest 
(pleurodynia),  thighs,  neck,  legs,  and  abdomen, 
but  practically  all  the  muscles  of  the  body  may 
be  involved. 

Chronic  Myositis. — The  typical  picture  of  a 
case  of  chronic  myositis  is  quite  distinct  from 
the  foregoing,  but  here  also  the  clinical  features 
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are  not  such  as  direct  attention  specially  to  the 
muscular  system.  The  patient  may  complain 
of— 

(i.)  Rheumatism,  involving  mainly  one  or 
more  of  the  larger  joints.  It  is  advisable  to 
note  that  an  objective  examination  may  reveal 
definite  articular  changes  which  distract  atten- 
tion from  the  more  important  lesion  in  the 
muscle. 

(ii.)  Neuralgia. — Especially  of  neuralgic  pains 
in  the  occipital  region  or  back  of  neck,  thighs 
(sciatica),  or  lumbar  region  (lumbago). 

(iii.)  Headache  and  general  discomfort  in 
the  head  and  neck  are  sometimes  the  leading 
symptoms  complained  of. 

(iv.)  Precordial  pain,  or  pain  in  the  mammary 
region. 

On  objective  examination  the  affected  muscles 
are  found  to  be  in  a  state  of  contraction.  They 
are  unduly  hard  throughout  their  whole  extent, 
and  when  their  action  is  tested,  their  movement 
is  found  to  be  unduly  limited  and  markedly 
painful.  In  the  affected  part  there  may  be 
none  of  the  acutely  painful  areas  characteristic 
of  the  acute  condition,  but  careful  examination 
may  reveal  their  presence  in  another  region  of 
the  body.  The  muscles  most  involved  are  the 
same  as  those  already  mentioned.  Special 
mention  should  be  made  of  the  muscles  attached 
to  the  occiput  and  neck,  to  the  intercostal  and 
serrati  and  gluteal  muscles. 

Diagnosis. — The  differential  diagnosis  is,  as 
a  rule,  easy,  provided  a  careful  examination 
of  the  muscular  system  be  carried  out.  The 
following  diseases  are  simulated,  and  muscular 
rheumatism  may  be  mistaken  for — 

(a)  Joint  disease. — Pain  and  stiffness  is  often 
referred  to  the  joint,  which  may  be  in  a  state 
of  flexion.  This  is  especially  seen  in  the  knee, 
hip,  and  shoulder. 

(6)  Visceral  disease,  especially  pleurisy,  or 
some  disturbance  in  the  gastro-intestinal  tract, 
e.g.  gastralgia ,  appendicitis. 

(c)  Cardiac  disorder  or  disease  of  the  mam- 
mary gland  in  women.  Symptoms  attributed 
by  the  patient  to  these  conditions  are  not  infre- 
quently due  to  rheumatic  inflammation  in  the 
muscles  of  the  chest  wall. 

(d)  It  may  not  be  possible  to  differentiate 
myositis  from  similar  small  painful  nodules  met 
with  in  the  subcutaneous  tissues  due  to  a  local 
cellulitis,  which  is  practically  identical  in  its 
origin  and  nature  with  the  areas  of  inflamma- 
tion in  the  muscular  tissue.  From  a  practical 
point  of  view,  an  accurate  diagnosis  is  im- 
material. 

It  is  only  necessary  to  mention  the  presence 
of  small  subcutaneous  fibrous  nodules  some- 
times met  with  in  the  subcutaneous  tissue  or 
attached  to  tendons,  seen  especially  in  the 
forearm.  These  are  apparently  small  fibrous 
nodules  of  local  origin,  and  do  not  call  for 
treatment. 


(e)  Neuralgia. — The  frequency  of  these  dis- 
tinct inflammations  in  muscles  is  probably  not 
sufficiently  realised,  and  not  a  few  cases  are 
diagnosed  as  "neuralgia."  The  writer  be- 
lieves that  some  cases  diagnosed  as  brachial 
neuralgia  are  really  cases  of  myositis  involving 
the  muscles  of  the  neck ;  occipital  neuralgia, 
due  to  inflammation  of  the  deep  muscles,  especi- 
ally the  complexus ;  sciatica,  due  to  local 
changes  in  the  glutei  muscles,  and  some  cases 
of  lumbago  due  to  a  similar  state  in  the  lower 
fibres  of  the  trapezius  or  deep  muscles  of  the 
trunk. 

In  the  more  chronic  cases,  e.g.  in  the  neck, 
it  may  be  quite  impossible  to  say  whether  the 
structural  change  is  in  the  muscles  of  the  part, 
in  the  subcutaneous  tissue,  in  the  nerves,  or  in 
the  joints  of  the  spine.  Some  assistance  in  the 
diagnosis  may  be  forthcoming  from  the  result 
of  treatment.  After  one  day's  treatment  by 
gentle  effleurage  the  skin  over  the  inflamed 
portion  becomes  yellow,  and  later  assumes  a 
darker  tint,  the  colour  disappearing  in  three  to 
four  days,  and  by  that  time  the  affected  limb, 
which  previously  felt  heavy,  dull,  and  paralysed, 
feels  alive  and  in  a  much  improved  state. 

General  Diagnosis. — Some  important  points 
in  the  diagnosis  of  rheumatism  have  already 
been  detailed  in  the  section  on  "  Muscular 
Rheumatism." 

Firstly,  It  is  advisable  to  determine  as  far  as 
possible  the  exact  site  of  the  pathological  pro- 
cess. Is  it  in  the  muscle,  subcutaneous  tissue, 
nerve,  or  in  the  neighbouring  joint  1  The 
accurate  determination  of  this  point  may 
materially  modify  the  prognosis  in  a  given  case. 

Secondly,  The  existence  of  any  gross  visceral 
disease  ought  next  to  be  determined  by  an  ex- 
amination in  turn  of  the  gastro-intestinal,  renal, 
cardio-vascular,  and  nervous  systems.  In 
women  special  attention  should  be  directed  to 
the  menstrual  function.  When  gross  visceral 
disease  is  detected,  we  should  not  at  once  con- 
sider that  such  is  a  merely  incidental  complica- 
tion of  the  rheumatism,  as  in  most  cases  it  is 
probably  closely  identified  with  it,  etiologically, 
pathologically,  and  clinically. 

Thirdly,  In  doubtful  cases  of  articular  rheu- 
matism it  is  not  necessary  to  differentiate  pre- 
cisely the  various  types  of  osteo-arthritis,  as  the 
relationship  between  that  disease  and  so-called 
articular  rheumatism  is  probably  a  close  one, 
and  the  principles  of  treatment  are  essentially 
the  same. 

Fourthly,  With  regard  to  gout — what  has 
been  said  of  articular  rheumatism  holds  good 
also  with  regard  to  gout.  It  is  sometimes  said 
that  great  care  is  necessary  to  differentiate  cases 
of  joint  disease,  the  result  of  chronic  gout,  from 
cases  to  which,  on  clinical  and  pathological 
grounds,  the  term  osteo-arthritis  appears  more 
applicable,  as  the  dietetic  and  general  treatment 
is  so  different  in  the  two  cases — the  first  calling 
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for  depletory,  the  latter  calling  for  more  stimu- 
lating measures.  But  this  diiference  in  treat- 
ment is  only  sound  in  a  restricted  sense,  i.e. 
with  reference  to  the  later  stage  of  the  disease, 
when  we  are  treating  the  results  of  the  disease. 
In  the  early  stages  of  both  diseases  the  principles 
of  treatment  {vide  article  "  Gout,"  vol.  iii.)  are 
the  same. 

Etiology. — The  etiology  of  chronic  rheumat- 
ism is  quite  unknown,  and  we  do  not  possess 
evidence  sufficient  to  warrant  a  definite  theory 
being  put  forward  for  the  causation  of  this 
disease.  We  have  already  pointed  out  the 
advisability  of  obtaining  new  facts  which  might 
materially  advance  our  knowledge,  viz.  (a)  the 
state  of  the  vascular  system — especially  arteries 
and  capillaries — in  the  affected  tissues  ;  (6)  the 
histological  appearances  of  the  various  free 
mucous  surfaces  in  the  body — especially  the 
gastro-intestinal  tract  and  utero-vaginal  mucous 
membrane  ;  and  (c)  fuller  and  more  accurate 
information  on  the  naked  eye  and  microscopic 
appearance  of  the  bone  marrow.  If  to  these 
we  were  to  add  the  results  of  an  investigation 
into  the  combination  of  various  gross  and 
minute  changes  in  the  renal,  cardio-vascular, 
and  nervous  systems  with  chronic  rheumatoid 
and  rheumatic  changes  in  the  same  subject,  I 
believe  a  new  chapter  on  the  etiology  of  the 
disease  could  be  written.  And  if  we  were  to 
avail  ourselves  more  of  the  wealth  of  clinical 
material  obtainable  from  diseased  subjects  in 
the  lower  animal  kingdom  a  great  advance  in 
our  knowledge  would  be  assured  ;  for  the  study 
of  these  subjects  can  be  conducted  with  greater 
ease,  and  is  productive  of  results  at  once  fuller 
and  more  precise,  than  is  possible  in  the  case  of 
the  human  subject.  In  the  absence  of  this 
necessary  information  we  shall  only  refer  briefly 
to  some  of  the  views  in  vogue  regarding  the 
relationship  of  these  diseases  to  each  other,  and 
thereafter  merely  mention  a  view  which  seems 
to  present  at  any  rate  a  prima  facie  case  for  a 
careful  consideration.  Three  critical  queries 
suggest  themselves : — 

Firstly,  Is  it  wise  to  accept  the  general 
tendency  at  the  present  time  to  regard  rheu- 
matoid arthritis  and  true  rheumatism  as  maladies 
essentially  distinct  and  widely  differing  in  their 
pathology  1 

Secondly,  In  our  zeal  for  classification  and 
recognition  of  types,  may  there  not  be  a  ten- 
dency to  fail  to  recognise  certain  general  patho- 
logical principles  underlying  all  these  diseased 
processes  1 

Thirdly,  Should  we  regard  "  muscular  rheu- 
matism "  as  a  disease  sui  generis,  not  closely 
connected  etiologically  with  articular  and  other 
manifestations  of  rheumatism  1 

There  would  appear  to  be  many  facts  which 
suggest  that  acute  rheumatism,  chronic  rheu- 
matism, and  rheumatoid  arthritis  are  in  reality 
closely  related  to  each  other,  the  varied  clinical 


and  pathological  pictures  merely  representing 
diff'erent  individual  reactions  to  the  same  cause 
or  group  of  causes.  The  grounds  for  this 
belief  can  only  be  briefly  stated — 

(a)  In  practice  there  are  frequently  extreme 
difficulties  in  differentiating  between  acute 
rheumatism  and  acute  polyarticular  rheumatoid 
arthritis.  In  not  a  few  cases  the  diagnosis  is 
impossible. 

(6)  It  is  well  known  and  generally  recognised 
that  a  typical  pathological  picture  of  rheum- 
atoid arthritis  may  develop  as  a  sequel  of  infec- 
tion of  the  system  with  the  virus  of  gonorrhoea 
and,  more  rarely,  of  other  pathogenic  bacteria. 

(c)  A  frequent  investigation  of  all  the  cases 
of  a  I'heumatic  or  rheumatoid  nature  in  the 
hospital  wards  of  a  large  workhouse  has  con- 
vinced me  of  what  may  be  termed  their  hybrid 
nature  in  a  very  large  proportion  of  the  cases 
seen. 

(d)  We  find  a  good  deal  of  evidence  in  favour 
of  the  idea  of  some  unity  in  the  causation  of 
these  diseases  in  the  writings  of  living  authorities 
on  these  special  departments.  Thus  it  is  ad- 
mitted "  that  there  are  cases  in  which  deformity 
results  from  acute  rheumatism  and  remains 
permanent.  Such  cases,  though  they  resemble 
rheumatic  fever  in  their  varied  manifestations, 
are  in  the  character  of  the  changes  in  the  joint 
more  akin  to  rheumatoid  arthritis  "  (Poynton). 
In  his  article  on  rheumatoid  arthritis  in  children 
{System  of  Medicine,  Allbutt,  vol.  iii.  p.  106), 
Still  writes  as  follows  :  "  Chronic  fibrous  rheu- 
matism seems  to  be  the  best  name  for  a  third 
disease  which  has  probably  been  indiscriminately 
included  under  the  term  rheumatoid  arthritis 
in  children.  Its  etiology  and  pathology  are 
probably  identical  with  those  of  acute  rheumat- 
ism " ;  and  in  the  article  on  Chronic  Rheumat- 
ism in  the  same  volume,  Garrod,  after  referring 
to  the  difficulties  of  nomenclature  and  classifica- 
tion, states — 

"  We  may  group  the  cases  to  which  the  name 
of  chronic  rheumatism  is  more  or  less  correctly 
applied  under  three  heads  as  follows  : — 

"  (i.)  Frequently  recurring  slight  articular 
attacks,  in  rheumatic  subjects. 

"  (ii.)  Cases  of  chronic  abarticular  rheumatism, 
a  condition  best  seen  in  children. 

"  (iii.)  Joint  lesions  which  persist  after  an 
attack  or  succession  of  attacks  of  acute  or 
subacute  rheumatism,  and  in  some  cases 
lead  to  permanent  damage  of  the  structures 
assailed." 

These  expressions  of  opinion  taken  collectively 
seem  to  harmonise  with  the  teachings  of  clinical 
experience  as  to  the  etiological  relationship 
between  the  different  manifestations  of  rheu- 
matic and  rheumatoid  disease  in  man,  and 
they  certainly  lend  colour  to  the  suggestion 
that  all  these  diseases  may  be  due  to  the  same 
cause  or  group  of  causes. 

The  known  facts  of  bacteriology  prove  that 
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acute  rheumatism  is  of  bacterial  origin,  but  do 
not  admit  a  final  statement  being  made  as  to 
the  single  nature  of  the  micro-organism.  A 
good  deal  can  be  said  in  favour  of  Singer's  view 
(p.  539)  as  to  rheumatic  fever  being  an  attenu- 
ated pypemia,  and  it  is  possible  that  the  various 
subacute  and  chronic  manifestations  are  sus- 
ceptible of  a  similar  explanation.  Certain 
known  facts  lend  some  support  to  this  opinion. 
Thus  we  find  that  Alexis  Thomson,  in  the 
article  on  Diseases  of  Bone  in  vol.  i.  p.  426, 
writes  as  follows  : — 

"  The  marrow,  especially  in  the  interior  of 
long  bones  during  the  period  of  active  growth, 
is  known  to  be  one  of  the  most  favourable  of 
soils  for  the  lodgment  of  bacteria.  The  latter 
may  persist  in  a  condition  of  potential  vitality 
for  indefinite  periods  long  after  they  have 
disappeared  from  the  circulatory  blood  from 
Avhich  they  were  derived.  The  determination 
of  disease  in  the  bone  resulting  from  bacterial 
lodgment  in  the  marrow  will  depend,  both  as 
to  time  of  onset,  severity,  and  extent,  on 
the  initial  virulence  and  number  of  the  organ- 
isms, and  upon  the  resistance  of  the  tissues 
of  the  individual  concerned,  and  upon  the 
assistance  of  certain  external  conditions,  e.g. 
trauma,  strain,  exposure,  and  cold,  which  will 
act  also  as  localising  factors  in  determining  the 
seat  and  gravity  of  the  disease."  The  same 
authority  also  refers  to  an  attenuated  form  of 
staphylococcus  osteo-myelitis,  or  growth  fever 
(vol.  i.  p.  437),  regarded  by  some  as  the 
explanation  of  "  growing  pains "  in  children 
and  adolescents,  and  points  out  that  definite 
changes  have  been  found  in  the  marrow  in 
this  disease. 

The  varying  sites  of  incidence  in  the  muscles, 
joints,  heart,  etc. — the  diff'erent  degrees  of 
severity  of  the  local  manifestations  —  the 
presence  or  absence  of  febrile,  and  other  general 
constitutional  phenomena, — are  probably  all 
susceptible  of  explanation  if  we  keep  clearly 
in  view  the  fact  that  no  two  people  react  alike 
to  the  same  toxic  agent.  A  study  of  the 
individual  factor  in  disease  is  of  paramount 
importance.  And  we  must  further  keep  in 
mind  that  the  age  of  the  patient  probably 
influences  that  reaction  materially,  the  tissues 
in  childhood  and  early  life  reacting  more 
strongly  than  '  at  a  later  period.  There  is  one 
point  in  the  bacteriological  aspect  of  the 
question  that  calls  for  reference.  Investigations 
on  the  bacteriology  of  chronic  rheumatoid 
arthritis  have  given  uniform  results  only,  in  so 
far  that  great  difficulty  has  been  experienced 
in  reproducing  the  disease  in  lower  animals. 

In  this  connection  we  must  bear  in  mind  the 
chronicity  of  the  disease,  and  the  possibility  of 
attenuation  of  the  bacteria  at  the  diseased  foci. 
The  writer  has  lately  examined  the  tissues  of 
a  horse  seventeen  years  old,  which  had  led  a 
fairly  active  life  for  twelve  years,  during  which 


time  there  had  existed  a  small  sinus  in  the 
groin,  the  result  of  sepsis  at  castration.  Post- 
mortem examination  showed  widespread  gross 
and  microscopic  lesions — the  lesions  in  the 
kidney  being  very  characteristic  of  a  chronic 
pyfemia ;  but  inoculation  experiments  carried 
out  by  an  expert  have  not  been  successful  in 
inducing  any  pathological  lesions  in  lower 
animals,  a  fact  which  may  be  due  to  attenuation 
of  the  bacteria.  This  point  is  mentioned  as 
worthy  of  consideration  in  connection  with 
experimental  research  on  chronic  diseases  in 
man. 

With  regard  to  the  general  causes  of  chronic 
rheumatism  we  need  only  refer  to  such  condi- 
tions as  exposure  and  cold,  damp,  the  influence 
of  a  soil  with  a  low-level  water,  and  exposure 
to  other  infections,  e.g.  influenza.  All  of  these 
are  of  a  nature  favouring  bacterial  invasion. 

Treatment. — Prophylactic. — As  the  poison  of 
rheumatism  in  its  various  subacute  and  chronic 
forms  is  one  which  specially  selects  the  muscles 
and  the  soft  and  bony  tissues  entering  into 
joint  formations,  the  leading  indication  is  to 
keep  the  tone  of  these  structures,  and  especially 
the  muscles,  in  as  good  a  condition  as  possible. 
This  sounds  a  truism,  but  as  such  it  merits 
more  attention  than  it  generally  receives.  More 
attention  to  systematic  physical  education  of 
youth  is  the  basis  of  a  rational  prophylactic 
treatment.  The  value  of  this  line  of  treatment 
is  one  which  is  readily  demonstrable.  There 
are  many  people  who  consider  themselves  in 
good  health  although  they  suffer  from  rheu- 
matic pains  and  aches  to  a  considerable  extent. 
If  these  persons  take  a  systematic  course  of 
exercises  adapted  to  accelerate  the  circulation, 
and  otherwise  improve  the  tone  of  the  muscles 
and  nerves  involved,  in  a  very  short  time  they 
will  experience  very  marked  relief  from  these 
manipulations — the  permanence  of  the  benefit 
being  directly  proportionate  to  the  duration  of 
the  treatment. 

This  principle  of  prophylaxis  is  well  illustrated 
in  many  Continental  health  resorts  where  the 
English  and  other  visitors  take  a  course  of 
treatment  in  one  of  the  Zandar  institutes. 
This  excellent  plan  could  sometimes  be  followed 
by  better  results  if  the  course  were  taken  in  a 
less  haphazard  fashion  than  is  often  done. 

Curative. — For  the  curative  treatment  it  is 
more  advisable  to  lay  stress  on  the  principles 
which  must  guide  us  rather  than  on  the  means 
by  which  they  are  to  be  given  eff'ect  to.  If 
there  is  any  breach  of  surface,  e.g.  cystitis, 
endometritis,  and  the  like,  special  attention 
must  be  directed  to  that,  as  also  to  the  state  of 
the  gastro-intestinal  tract,  and  we  must  bear  in 
mind  that  a  considerable  amount  of  disease  may 
be  present  in  the  mucous  membranes  with- 
out revealing  itself  by  auy  definite  clinical 
symptoms. 

(a)  Attention  to  the  Excretory  Organs. — The 
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intestinal  function  should  be  promoted  by  the 
administration  of  a  laxative  diet  and  judicious 
use  of  aperients.  If  the  bowels  move  naturally 
every  day  all  that  is  advisable  is  the  administra- 
tion of  a  small  blue  pill,  followed  by  a  morning 
saline  once  in  ten  days  or  so.  If  further  treat- 
ment is  indicated,  as  is  usually  the  case,  then 
the  selection  of  a  suitable  aperient  is  the  next 
point  to  be  attended  to.  The  best  is  perhaps 
the  judicious  combination  of  vegetable  aperients, 
e.g.  aloin,  euonymin,  with  occasional  saline. 
But  in  connection  with  these  points  we  should 
remember  that  the  constipation  is  more  likely 
to  be  indirectly  improved  by  the  physical  treat- 
ment later  referred  to.  The  aperients  are 
merely  adjuvants.  In  many  cases  there  is 
marked  foetor  of  stools,  a  fact  of  considerable 
significance,  calling  for  appropriate  dietetic  and 
medicinal  treatment. 

Renal  Function. — The  renal  function  is  to  be 
favoured  by  the  patient  drinking  more  fluid 
than  is  his  wont.  Tlie  best  fluids  are  water  and 
alkaline  drinks.  These  are  preferably  taken  on 
an  empty  stomach,  the  amount  varying  from 
about  one  pint  more  than  his  usual.  We  some- 
times find  that  the  patient  ncA'er  drinks  any- 
thing except  at  meal  hours,  when  the  fluid 
taken  is  therapeutically  not  so  beneficial  as 
those  just  mentioned. 

The  skin  function  is  best  promoted  by  hydro- 
therapeutic  measures,  which  must  in  every  case 
be  adapted  to  the  strength  of  the  patient. 
Above  all,  excess  in  this  direction  is  to  be 
avoided  (see  "  Balneology,"  vol.  i.).  For  con- 
venient use  at  home,  one  of  the  numerous  bath 
cabinets  now  in  vogue  can  be  recommended ; 
these  require  judgment  and  care  in  their  use. 

By  the  foregoing  we  may  hope  gradually  to 
eliminate  some,  at  least,  of  the  toxic  ingredients 
in  the  system  in  these  cases,  and  we  now  pass 
to  consider  the  means  to  be  adopted  in  order  to 
prevent  further  ingestion  of  substances  likely  to 
be  injurious  to  tlie  organism. 

Physical  Therapeutics. — ^Having  discovered  so 
far  as  possible  what  joints,  muscles,  tendons,  or 
nerves  are  specially  implicated,  due  attention 
must  be  paid  to  the  affected  parts.  One  pre- 
caution is  specially  important.  The  practitioner 
must  be  fully  satisfied  that  the  assistant  whom 
he  employs  for  this  purpose  has  had  a  really 
expert  training  in  his  profession,  and  not  merely 
a  few  months'  fragmentary  education.  Assist- 
ants of  the  latter  type  often  do  more  harm  than 
good,  and  their  extensive  employment  is  one  of 
the  reasons  why  treatment  by  manipulation, 
massage,  etc.,  has  not  its  due  place  in  thera- 
peutics. 

Diet. — -If  the  bowels  are  thoroughly  attended 
to,  many  cases  require  no  dietetic  treatment, 
provided  the  diet  taken  is  an  ordinary  one.  In 
many  cases  the  patient  is  aware  that  certain 
articles  of  diet  affect  the  rheumatism  imfavour- 
ably,  and  the  use  of  such  foods  or  drinks  should 


be  avoided  or  restricted.  Nature  is  the  best 
guide  in  these  matters.  Some  rheumatic  sub- 
jects keep  themselves  comparatively  free  by  a 
vegetai'ian  diet.  Our  present  knowledge  of  the 
etiology  of  rheumatic  afl:ections  does  not  allow 
of  any  hard  and  fast  rules  re  diet.  The  follow- 
ing are  suggested  by  clinical  experience  : — 

(i.)  The  diet  should  be  a  simple  one,  taken 
at  regular  intervals  and  eaten  slowly.  When 
the  digestion  is  good  and  the  appetite  strong,  a 
large  amount  of  food  may  be  taken,  provided  it 
be  of  a  simple  nature. 

(ii.)  The  articles  of  food  and  drink  which 
patients  consider  detrimental  to  themselves 
should  be  withheld  or  given  in  sparing  amount. 
Their  nature  may  give  a  clue  to  the  direction  of 
faulty  metabolism  and  assimilation.  In  this 
connection  it  is  well  to  note  the  periodical 
nature  of  the  symptoms,  e.g.  the  recurrence  of 
rheumatic  symptoms  at  the  fruit  season. 

(iii.)  More  fluid  should  be  drunk.  Most 
rheumatic  subjects  drink  too  little  water.  The 
writer  lately  saw  a  stout  lady  much  aff"ected 
with  chronic  rheumatism.  Investigation  elicited 
the  fact  that  she  never  drank  anything  except 
a  little  tea  twice  or  thrice  daily,  and  a  little 
whisky  and  water  at  night.  The  total  urine 
was  collected  for  three  successive  days,  and 
was  as  follows: — 8,  14,  and  10  oz.,  of  a  non- 
albuminous  urine  of  average  sp.  gr.  1015.  The 
patient  avowed  that  this  was  her  usual  habit, 
and  it  is  probable  that  many  rheumatic  subjects 
suffer  from  this  anuria  in  varying  degrees. 

(iv.)  If  the  patient  can  furnish  no  indications 
as  to  diet,  the  best  plan  will  be — {a)  simplify 
the  food  by  cutting  off  some  of  the  unnecessary 
ingredients  in  the  daily  diet ;  and  if  that  is 
insufficient,  (6)  restrict  the  carbohydrates,  e.g. 
sweets  of  all  kinds,  potatoes,  and  other  under- 
ground roots,  and  all  puddings  of  a  "  stodgy " 
nature.  A  few  cases  may  do  better  on  a  more 
strictly  nitrogenous  diet. 

Medicinal  Treatment. — Medicines  are  useful, 
but  should  occupy  a  subordinate  place.  A  blue 
pill  occasionally,  with  free  use  of  alkaline  and 
mineral  waters,  is  a  valuable  line  of  treatment, 
which  probably  acts  mainly  by  improving  the 
conditions  of  the  gastro-intestinal,  hepatic,  and 
renal  functions.  The  old-time  remedies  of 
sulphur — internally  and  externally — and  guai- 
acum  are  also  very  serviceable.  Salol,  sali- 
cylate of  soda,  and  the  like  remedies  are  of 
service  in  some  cases,  and  a  judicious  combina- 
tion of  these  with  other  remedies  possessing 
some  intestinal  disinfectant  action  are  materi- 
ally useful  in  some  cases.  The  same  can  be 
said  of  the  internal  administration  of  iodide  of 
potassium,  and  the  internal  and  external  use 
of  various  fir  oils  (see  also  "Balneology," 
vol.  i.,  and  "Gout,"  vol.  iii.). 

Rheuina,tO-. — in  compound  words  rheu- 
mato-  means  rheumatic  or  relating  to  rheuma- 
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tism ;  e.g.  rhemnatodynia  (rheumatic  pain), 
rheumatospasmus  (rheumatic  cramp),  rheuma- 
torchitis,  etc. 

Rhi nencephalon.— The  olfactory 

bulb,  "the  most  archaic  part  of  the  hemisphere" 
of  the  brain ;  in  the  human  subject  it  becomes 
solid  after  the  first  month  of  embryonic  life, 
and  is  represented  in  the  adult  by  the  olfactory 
bulb,  the  olfactory  tract,  the  uncus,  the  septum 
lucidum,  the  fornix  and  hippocampus,  the  gyrus 
dentatus,  etc. 

Rhineurynter.  —  An  apparatus  (bag 
capable  of  being  inflated)  with  which  the 
anterior  nares  may  be  plugged  in  cases  of 
epistaxis. 

Rhinitis.  See  Nose,  Acute  Inflammation 
{Rhinitis);  Diphtheria  {Clinical  History,  Nasal 
Diphtheria) ;  Syphilis  {Tertiary,  Nose). 

Rhino-. — In  compound  words  rhino-  (Gr. 
pt's,  ptvo's,  the  nose)  means  relating  to  the  nose, 


nasal ;  e.g.  rhinocleisis  (nasal  obstruction),  rhino- 
cnesmus  (nasal  itching),  rhinodynia  (nasal  pain), 
rhinolaryngitis  (inflammation  of  the  nasal  and 
laryngeal  mucous  membranes),  and  rhinorrhagia 
(nasal  haemorrhage). 

RhinocephalUS.— A  teratological  type 
in  which  cyclopia  (fusion  of  the  eyes)  is 
associated  with  the  presence  of  a  nasal  pro- 
boscis situated  above  the  single  orbital  cavity. 
See  Teratology. 

Rhinodyme. — A  teratological  type  in 
which  there  are  two  noses,  more  or  less  fused 
together,  along  with  duplicity  of  the  superior 
maxillary  bones.  {See  Ballantyne's  Antenatal 
Pathology,  vol.  ii.  pp.  233,  422,  1904.) 

Rhinolalia.. — A  defect  of  articulation 
due  either  to  incomplete  closure  or  incomplete 
opening  of  the  posterior  nares.  See  Pharynx, 
Examination  of  the  {Neuroses,  Paralysis  of  the 
Soft  Palate). 
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